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ABSTRACT
Pathogenic germline variants in the protection of 
telomeres 1 gene (POT1) have been associated with 
predisposition to a range of tumour types, including 
melanoma, glioma, leukaemia and cardiac angiosarcoma. 
We sequenced all coding exons of the POT1 gene in 
2928 European- descent melanoma cases and 3298 
controls, identifying 43 protein- changing genetic 
variants. We performed POT1- telomere binding assays 
for all missense and stop- gained variants, finding nine 
variants that impair or disrupt protein–telomere complex 
formation, and we further define the role of variants in 
the regulation of telomere length and complex formation 
through molecular dynamics simulations. We determine 
that POT1 coding variants are a minor contributor to 
melanoma burden in the general population, with only 
about 0.5% of melanoma cases carrying germline 
pathogenic variants in this gene, but should be screened 
in individuals with a strong family history of melanoma 
and/or multiple malignancies.

Since the discovery of pathogenic alleles of 
CDKN2A 25 years ago,1 a number of other variants 
that increase melanoma risk have been uncovered 
by genome- wide association studies (GWAS)2 and 
the genomic analysis of melanoma- predisposed 
families. These variants affect biological pathways 
related to pigmentation (such as alleles of MC1R, 
the ‘red hair’ gene), naevus count, including genetic 
variation adjacent to PLA2G6, cell cycle and senes-
cence, comprising changes in CDKN2A and CDK4, 
and telomere regulation.3 Of note, pathogenic vari-
ants in the protection of telomeres 1 gene (POT1) 
have been associated with melanoma, as well as 
other types of cancer such as glioma,4 leukaemia5 
and lymphoma.6 As such, pathogenic germline 
POT1 variants have recently been recognised as 
defining a novel tumour predisposition syndrome.7 
Genetic variation proximal to POT1 has also been 
found to be associated with melanoma in recent 
large- scale GWAS studies.8

POT1 encodes a single- stranded DNA (ssDNA)–
binding protein that forms part of the shelterin 
complex, a group of proteins that have functions 
in telomere protection by allowing cells to distin-
guish the ends of chromosomes from sites of DNA 
damage and also function in regulating telomere 

length.9 In recent years, sequencing of melanoma- 
predisposed individuals has revealed a number of 
pathogenic alleles of POT1 which affect the ability 
of POT1 to bind to ssDNA and therefore lead to 
longer and abnormal telomeres.10–12 This, in turn, 
may promote carcinogenesis through the accumula-
tion of damage at chromosome ends and a delay in 
the onset of cell senescence. Further, a recent study 
has identified POT1 variants that lead to shorter 
telomeres,13 emphasising the need to identify and 
catalogue the consequences of these genetic changes 
in carriers.

As estimates have suggested that POT1 may 
be the second major high- penetrance melanoma 
susceptibility gene after CDKN2A, being causal 
of disease predisposition in 2%–4% of CDKN2A/
CDK4- negative families,10 14 it has been included 
in multiple panels for genetic testing of melanoma 
families. As such, and to inform genetic coun-
selling, there is a need to identify which genetic 
variants abrogate POT1 function leading to telo-
mere dysregulation, as well as to determine their 
frequency in population- ascertained melanoma 
cases. In this study, we performed experimental and 
bioinformatic analyses to identify germline variants 
that disrupt the POT1–ssDNA complex and lead to 
telomere length alterations.

This study included 2928 melanoma cases and 
3298 controls, making up a total of 6226 European- 
descent (British) individuals from two distinct 
melanoma cohorts plus a population cohort (online 
supplemental methods). We sequenced all POT1 
coding exons on the MiSeq platform (reference 
transcript: ENST00000357628). After alignment, 
variant calling and quality filtering, we identified 43 
protein- altering variants in POT1 by Fluidigm PCR- 
based amplicon sequencing and validated them by 
target capture with Agilent SureSelect probes and 
Illumina sequencing (online supplemental methods, 
online supplemental figure 1, online supplemental 
table 1, online supplemental file 6). Of these, 
19 have not been reported in the gnomAD 2.1 
dataset.15

To assess whether the detected variants impair 
telomere regulation, we analysed the ability of 
in vitro- translated POT1 proteins containing all 
missense and stop- gained variants (38/43 vari-
ants in total (online supplemental table 1) to 
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bind to a telomere- like oligo via electrophoretic mobility shift 
assay (EMSA) experiments (online supplemental methods)). 
Our results indicate that four variants completely disrupted 
POT1–ssDNA complex formation (p.Cys59Tyr, p.Arg137His, 
p.Leu259Ter and p.Arg273Leu), whereas a further five appear to 
reduce the affinity of the interaction (p.Lys39Asn, p.Lys85Thr, 
p.Ser99Pro, p.Arg117His and p.Asp224Asn) (figure 1A; online 
supplemental figure 2). Of these, six had not been reported in 
the gnomAD 2.1 dataset, and, of note, as expected, all variants 
that altered POT1- ssDNA binding fall within the N- terminal OB 
domains.

Variants were classified in three groups according to their 
pathogenicity: Group 1 variants were confirmed by EMSA to 

disrupt the POT1–ssDNA complex or were those strongly 
suspected as pathogenic (frameshift and splice acceptor vari-
ants). We included variants with reduced binding in this cate-
gory due to their high conservation across species (online 
supplemental figure 3) and prior evidence that they may be 
pathogenic (p.Arg117His16 and p.Asp224Asn11). In total, 14/43 
variants were classified in this group, with 10 of these falling in 
the OB domains (figure 2; online supplemental tables 1 and 2). 
Group 2 variants were those predicted deleterious and probably 
damaging by both the SIFT and PolyPhen algorithms and did 
not disrupt POT1–ssDNA binding (4/43 variants). These vari-
ants may impair the function of the protein in other ways. The 
remaining variants (25) were classified into Group 3.

Figure 1 Biological consequences of protection of telomeres 1 gene (POT1) variants. (A) Electrophoretic mobility shift assays (EMSAs) are shown testing 
the ability of in vitro- translated mutant POT1 proteins to bind a telomere- like oligo (TTAGGGTTAGGGTTAGGG). EV, empty vector; WT, wild- type protein. (B) 
Telomere length of carriers of pathogenic POT1 variants is depicted over a telomere length distribution of melanoma cases and controls with no pathogenic 
POT1 variants. The distribution of the means of residuals from the linear model distribution of telomere lengths for individuals with no POT1 variants is 
depicted in beige. The mean of the adjusted telomere lengths for individuals with POT1 variants is shown on top according to the variant type (no binding, 
reduced binding or binding according to EMSA and splice variants). Melanoma cases are shown in squares and controls in circles. Each variant is shown in 
a different colour. For the ‘Binding’ row, the variants from left to right are p.Pro371Leu, p.Ile624Met, p.Asn611Ser, p.Lys427Thr, p.Asp396His, p.Val629Leu, 
p.His393Arg, p.Leu151Val, p.Asn75Ser, p.His393Arg, p.Lys581Arg, p.Glu481Gly, p.Ser377Phe, p.Asn614Ser, p.Tyr419Cys/p.Gly404Val, p.Asp396Asn, 
p.Ile78Val, p.Val519Ala, p.Thr522Ile, p.Ile114Met, p.Arg363Gln/p.Val391Ala, p.Lys427Arg, p.His437Arg, p.Val519Ile, p.His393Arg and p.Ala532Pro.
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The majority of cases and controls in this study did not carry a 
POT1 variant (94.1% cases, 95.1% controls), and the majority of 
those with a variant had only one variant. No person had more 
than two variants. In total, three persons had a Group 1 variant 
and a Group 3 variant (two cases, one control) while five persons 
had two Group 3 variants (three cases, two controls). Given the 
limited number of persons with two variants, each case and 
control is classified by their most severe mutation. For Group 
1, 15 cases (0.51%) carried a variant, while 8 (0.24%) controls 
did (p value=0.08, OR for carrying a Group 1 variant compared 
with no variant (OR)=2.11, 95% CI (0.89 to 5.00)). For Groups 
1+2 combined, 22 cases (0.75%) carried a variant, while 14 
controls (0.42%) did (p value 0.096, OR=1.78). Finally, for 
Group 3, 126 cases (4.3%) carried a variant as did 149 controls 
(4.6%) (two- tailed Fisher’s exact test, p value 0.66) indicating 
no evidence of increased risk associated with this variant class. 
Overall, then while about twice as many cases as controls carried 
predicted pathogenic variants in POT1, this difference was not 
conventionally statistically significant likely because of limited 
power even with a study this size. There were also no differences 
in age of onset, sex, family history or site of presentation by 
pathogenicity group when compared with those without one of 
the classified mutations (online supplemental tables 3−6).

We next sought to determine whether the variants we detected 
had any effect on telomere regulation. For this, we measured 
telomere length in POT1 variant carriers and non- carriers from 
the same populations (online supplemental methods). After stan-
dardising lengths by plate and adjusting them for cohort via a 
linear model (online supplemental table 7, online supplemental 
figure 4), we observed that only the individuals carrying the 
p.Lys39Asn (percentile 98 when compared with controls) and 
the p.Arg273Leu (percentile 99 when compared with controls) 
variants had telomeres that were substantially longer than the 
mean (figure 1B). We also observed that some individuals with 
splice variants or variants that showed reduced DNA binding 
also had telomeres on the longer side of the distribution (eg, 
Lys85Thr, percentile 91, p.Leu259Ter, percentile 90, one indi-
vidual carrying c.1164–1G>A, percentile 97) but others did not 
(eg, p.Ser99Pro, percentile 31, most individuals with variants 

in splice sites). Individuals with the p.Asp224Asn variant had 
telomere lengths scattered throughout the whole distribution 
in contrast to previous reports suggesting that these variants 
increase telomere length11 (figure 1B).

Because the p.Lys39Asn, p.Cys59Tyr and p.Asp224Asn 
variants are found in controls and show POT1–ssDNA 
complex disruption, we further investigated those using 
molecular dynamics simulations (online supplemental 
methods). Our results suggest that all three variants affect the 
dynamics of the system when compared with the wild- type 
(WT) structure, as evidenced by the first and second normal 
modes (online supplemental figure 5A–H, online supple-
mental movie). Existing protein structures for POT1 also 
imply that there are conformational differences between the 
POT1–ssDNA and POT1–ACD structures.17 18 As a result, the 
structural differences noted within the POT1 mutant proteins 
investigated here may affect shelterin complex formation, 
but further investigation is necessary. Additional analyses 
of root mean square deviation, root mean square fluctua-
tion, residue- wise correlations, secondary structure, energy 
decomposition analysis and hydrogen bond interactions are 
all consistent with the computational results reported herein 
(online supplemental figure 5I- L, 6–18, online supplemental 
tables 8- 12). MM- GBSA was used to assess the protein:DNA- 
binding affinities. We calculated a ΔΔH of −0.6 to –1.3, and 
21.6 kcal/mol for p.Lys39Asn, p.Asp224Asn and p.Cys59Tyr, 
respectively. These enthalpies are in agreement with the 
experimental binding pattern discussed above.

Even though POT1 seems to be the second major melanoma 
susceptibility gene, with 2%–4% of CDKN2A/CDK4- WT 
families carrying a pathogenic coding variant in this gene, its 
contribution to melanoma risk burden in the general popu-
lation is minor, with ~0.5% of cases carrying pathogenic 
variants. Telomere length calculations confirm known asso-
ciations of variants with longer telomeres (p.Arg273Leu,10 
p.Arg117His11 16) and found associations with other patho-
genic variants (p.Lys39Asn, p.Lys85Thr and confirmation 
of longer telomere length for p.Ala532Pro, percentile 93, a 
variant originally reported in Ref. 11), but for other variants 

Figure 2 Schematic diagram of Group 1 POT1 variants. Variants are shown on the primary protein structure with their consequence (in a coloured circle 
or triangle) and their presence (red square) or absence (empty square) in publicly available datasets (gnomAD exomes v2.1, dbSNP build 151 and COSMIC 
v86). The ClinVar track indicates the pathogenicity prediction in ClinVar release 20220804. The OB domains are shown in green. Variants in red font colour 
are found in cases, those in blue font colour are found in controls and those in black are found in both cases and controls. For details on numbers of cases 
and controls, see online supplemental table 1. Figure created with VCF/Plotein.22
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the association with length was not clear (eg, all three carriers 
of c.1164–1G>A and six of p.Asp224Asn had telomere 
lengths scattered throughout the distribution). Although a 
prior study had shown slightly longer telomeres for carriers of 
p.Arg117His,11 the carrier melanoma case in this cohort had 
normal- length telomeres. This may reflect the many mecha-
nisms, including other genetic variants and lifestyle, by which 
telomere length can be affected or the assays used for telo-
mere analysis. Telomere length for some control individuals 
(without reported melanoma) with pathogenic variants (eg, 
p.Lys39Asn and both controls carrying p.Asp224Asn) also 
showed an increase in telomere length, which may portend an 
increased risk of tumourigenesis in these individuals or indi-
cate that other factors are necessary for melanoma genesis.

Although in this study we have attempted to identify patho-
genic POT1 variants through DNA- binding assays, the func-
tion of POT1 proteins with variants outside the OB domains 
may be compromised by other mechanisms. For example, 
another study concluded that the POT1 p.Ala532Pro variant 
shows impaired ACD binding, which may also lead to telo-
mere dysregulation.19 Therefore, further systematic experi-
ments are needed to address other POT1 functions, such as 
telomere fragility, to provide a more complete catalogue of 
variants that alter protein function and therefore that lead to 
cancer predisposition.

While the number of POT1 variant carriers in this study is 
too limited to draw strong conclusions, the lack of any statis-
tically significant difference in age of onset between variant 
carriers (54.7 years) and non- carriers (54.4 years) in the 
general population needs some consideration. By comparison 
and looking at another melanoma high- penetrance gene, in 
the Leeds Melanoma Cohort, CDKN2A variant carriers have 
an average age of onset of 50 years (based on data included 
in Ref. 20). The literature contains many examples of fami-
lies with particularly early ages of onset for melanoma; these 
extreme families likely represent the product of interactions 
of high penetrance variants (in genes such as CDKN2A and 
POT1) with contributing lower penetrance variants and risk- 
associated lifestyle behaviours. Therefore, the analysis of 
population- based samples provides a more complete descrip-
tion of the impact of high penetrance variants in the general 
population. A comparable scenario applies to breast cancer; 
recent analysis of the UK SEARCH study containing about 
12 700 breast cancer diagnosed under the age of 70 years 
showed an average age of onset of 54.5 years for women 
without a known variant in a high penetrance gene. Only 
BRCA1 and BRCA2 variant carriers had notably earlier ages 
of onset (46.7 and 50.6 years, respectively), while carriers of 
variants in rarer predisposing genes (CHEK2, PALB2, ATM, 
RAD51C) had average age of onset of between 51.1 years and 
58.2 years (A Antoniou, University of Cambridge, personal 
communication based on data in Ref. 21).

Author affiliations
1Laboratorio Internacional de Investigación sobre el Genoma Humano, Universidad 
Nacional Autónoma de México, Campus Juriquilla, Querétaro, Qro, Mexico
2Department of Chemistry, University of North Texas, Denton, Texas, USA
3Section of Epidemiolgy and Biostatistics, Leeds Institute of Molecular Medicine, 
University of Leeds, Leeds, UK
4Centre for Cancer Genetic Epidemiology, Cambridge University, Cambridge, UK
5Department of Chemistry and Biochemistry, The University of Texas at Dallas, 
Richardson, Texas, USA
6CASM, Wellcome Sanger Institute, Hinxton, UK
7CeGaT GmbH, Tübingen, Germany
8Leeds Institute of Medical Research, University of Leeds, Leeds, UK
9Leeds Institute for Data Analytics, University of Leeds, Leeds, UK

10Section of Epidemiology and Biostatistics, University of Leeds, Leeds, UK
11Department of Physics, The University of Texas at Dallas, Richardson, Texas, USA
12Leeds Institute of Cancer and Pathology, University of Leeds, Leeds, UK

Twitter Emmett M Leddin @EmLedd1, Gerardo Andrés Cisneros @CisnerosRes, 
David J Adams @David_J_Adams and Carla Daniela Robles- Espinoza @daniela_
oaks

Acknowledgements We are deeply grateful to the patients and families that 
kindly donated the samples used in this study. We are thankful to Dr Charles Mein, 
Centre Manager of Barts and the London Genome Centre, for support during the 
initial phase of this project. The authors also wish to thank Jair S García- Sotelo, 
Alejandro de León, Carlos S Flores and Luis A Aguilar of the Laboratorio Nacional 
de Visualización Científica Avanzada from the National Autonomous University of 
Mexico, and Alejandra Castillo, Carina Díaz, Abigayl Hernández and Eglee Lomelin 
of the International Laboratory for Human Genome Research, Universidad Nacional 
Autónoma de México (UNAM). We are also thankful to Paul Pharoah, Douglas 
Easton, Alison Dunning and Antonis Antoniou for valuable discussions. We would 
also like to thank Mitul Shah for providing the SEARCH data for the analyses here.

Contributors IS- W: sequencing and telomere length data analysis, RO: sequencing 
data analysis, EML, MGMdIG: molecular dynamics simulation analysis, MH, 
KAP: qPCR assays and sample management, SO: data analysis, JH, JCT: sample 
management, CCW: telomere- binding assays, VI: sequence variant calling, JN- B: 
patient management, manuscript writing, TB: statistical analysis supervision, 
manuscript writing, GAC: molecular dynamics simulation analysis, manuscript 
writing, MI: statistical analysis supervision, DA: conceived and supervised study, 
manuscript writing, CDR- E: conceived and supervised study, sequencing and variant 
data analysis, manuscript writing.

Funding This work was supported by the Medical Research Council grants (MR/
S01473X/1) to CDR- E and DA, MR/V000292/1 (DERMATLAS) to DA; Melanoma 
Research Alliance Pilot Award (825924) and Programa de Apoyo a Proyectos de 
Investigación e Innovación Tecnológica (PAPIIT UNAM) (IN209422) to CDR- E; CRUK 
Programme to TB and JN- B C588/A19167, and Cancer Research UK and Wellcome 
Trust to JA. CDR- E is also supported by CONACyT (A3- S- 31603), the Academy 
of Medical Sciences through a Newton Advanced Fellowship (NAF\R2\180782) 
and a Wellcome Sanger Institute International Fellowship. Support from NIGMS 
R01GM108583 and XSEDE TG- CHE160044 to GAC is gratefully acknowledged. 
We also acknowledge support from NIHR Cambridge Biomedical Research Centre 
(BRC-1215-20014) for the SEARCH study.

Competing interests None declared.

Ethics approval This study involves human participants. Samples used in this 
study came from three different cohorts. Their collection and use in genetic studies 
was approved by three different Research Ethics Boards. The Leeds Melanoma 
Case Control Study has recruited population- ascertained melanoma cases and 
the same sex and 5- year age group controls predominantly from the Yorkshire, UK 
geographical area since the year 2000 (NRES Committee North East—Northern and 
Yorkshire, MREC/01/3/057). Additionally, samples were included from the Study of 
Epidemiology and Risk Factors in Cancer Heredity (SEARCH) series of population- 
based studies in Eastern England (Cambridgeshire South Research Ethics Committee, 
05/MRE05/1). Finally, controls were supplemented with samples from the Wellcome 
Trust Case Control Consortium (South East Multicentre Research Ethics Committee, 
05/Q0106/74). Patients consented for their samples to be used in genetic studies 
15+ years ago, though not for this specific study.

Provenance and peer review Not commissioned; externally peer reviewed.

Author note IS- W is a PhD student from Programa de Doctorado en Ciencias 
Biomédicas, UNAM. This work forms part of his dissertation.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/ 
licenses/by/4.0/.

ORCID iDs
Emmett M Leddin http://orcid.org/0000-0003-1610-0092

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g-2022-108776 on 20 D

ecem
ber 2022. D

ow
nloaded from

 

https://twitter.com/EmLedd1
https://twitter.com/CisnerosRes
https://twitter.com/David_J_Adams
https://twitter.com/daniela_oaks
https://twitter.com/daniela_oaks
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-1610-0092
http://jmg.bmj.com/


5Simonin- Wilmer I, et al. J Med Genet 2022;0:1–5. doi:10.1136/jmg-2022-108776

Cancer genetics

David J Adams http://orcid.org/0000-0001-9490-0306
Carla Daniela Robles- Espinoza http://orcid.org/0000-0003-3277-7466

REFERENCES
 1 Kamb A, Gruis NA, Weaver- Feldhaus J, Liu Q, Harshman K, Tavtigian SV, Stockert E, 

Day RS, Johnson BE, Skolnick MH. A cell cycle regulator potentially involved in genesis 
of many tumor types. Science 1994;264:436–40.

 2 Law MH, Bishop DT, Lee JE, Brossard M, Martin NG, Moses EK, Song F, Barrett JH, 
Kumar R, Easton DF, Pharoah PDP, Swerdlow AJ, Kypreou KP, Taylor JC, Harland M, 
Randerson- Moor J, Akslen LA, Andresen PA, Avril M- F, Azizi E, Scarrà GB, Brown KM, 
Dębniak T, Duffy DL, Elder DE, Fang S, Friedman E, Galan P, Ghiorzo P, Gillanders 
EM, Goldstein AM, Gruis NA, Hansson J, Helsing P, Hočevar M, Höiom V, Ingvar 
C, Kanetsky PA, Chen WV, Landi MT, Lang J, Lathrop GM, Lubiński J, Mackie RM, 
Mann GJ, Molven A, Montgomery GW, Novaković S, Olsson H, Puig S, Puig- Butille 
JA, Qureshi AA, Radford- Smith GL, van der Stoep N, van Doorn R, Whiteman 
DC, Craig JE, Schadendorf D, Simms LA, Burdon KP, Nyholt DR, Pooley KA, Orr 
N, Stratigos AJ, Cust AE, Ward SV, Hayward NK, Han J, Schulze H- J, Dunning AM, 
Bishop JAN, Demenais F, Amos CI, MacGregor S, Iles MM, GenoMEL Consortium, 
Essen- Heidelberg Investigators, SDH Study Group, Q- MEGA and QTWIN Investigators, 
AMFS Investigators, ATHENS Melanoma Study Group. Genome- Wide meta- analysis 
identifies five new susceptibility loci for cutaneous malignant melanoma. Nat Genet 
2015;47:987–95.

 3 Ribero S, Glass D, Bataille V. Genetic epidemiology of melanoma. Eur J Dermatol 
2016;26:335–9.

 4 Bainbridge MN, Armstrong GN, Gramatges MM, Bertuch AA, Jhangiani SN, 
Doddapaneni H, Lewis L, Tombrello J, Tsavachidis S, Liu Y, Jalali A, Plon SE, Lau CC, 
Parsons DW, Claus EB, Barnholtz- Sloan J, Il’yasova D, Schildkraut J, Ali- Osman F, 
Sadetzki S, Johansen C, Houlston RS, Jenkins RB, Lachance D, Olson SH, Bernstein 
JL, Merrell RT, Wrensch MR, Walsh KM, Davis FG, Lai R, Shete S, Aldape K, Amos CI, 
Thompson PA, Muzny DM, Gibbs RA, Melin BS, Bondy ML, Gliogene Consortium. 
Germline mutations in shelterin complex genes are associated with familial glioma. J 
Natl Cancer Inst 2015;107.

 5 Speedy HE, Kinnersley B, Chubb D, Broderick P, Law PJ, Litchfield K, Jayne S, Dyer MJS, 
Dearden C, Follows GA, Catovsky D, Houlston RS. Germ line mutations in shelterin 
complex genes are associated with familial chronic lymphocytic leukemia. Blood 
2016;128:2319–26.

 6 McMaster ML, Sun C, Landi MT, Savage SA, Rotunno M, Yang XR, Jones K, Vogt A, 
Hutchinson A, Zhu B, Wang M, Hicks B, Thirunavukarason A, Stewart DR, Koutros 
S, Goldstein AM, Chanock SJ, Caporaso NE, Tucker MA, Goldin LR, Liu Y. Germline 
mutations in protection of telomeres 1 in two families with Hodgkin lymphoma. Br J 
Haematol 2018;181:372–7.

 7 Henry M- L, Osborne J, Else T. POT1 Tumor Predisposition. In: Adam MP, Ardinger HH, 
Pagon RA, Wallace SE, Bean LJ, Mirzaa G, Amemiya A, eds. GeneReviews®. Seattle 
(WA: University of Washington, Seattle, 1993. http://www.ncbi.nlm.nih.gov/books/ 
NBK563529/

 8 Landi MT, Bishop DT, MacGregor S, Machiela MJ, Stratigos AJ, Ghiorzo P, Brossard 
M, Calista D, Choi J, Fargnoli MC, Zhang T, Rodolfo M, Trower AJ, Menin C, Martinez 
J, Hadjisavvas A, Song L, Stefanaki I, Scolyer R, Yang R, Goldstein AM, Potrony 
M, Kypreou KP, Pastorino L, Queirolo P, Pellegrini C, Cattaneo L, Zawistowski M, 
Gimenez- Xavier P, Rodriguez A, Elefanti L, Manoukian S, Rivoltini L, Smith BH, 
Loizidou MA, Del Regno L, Massi D, Mandala M, Khosrotehrani K, Akslen LA, Amos CI, 
Andresen PA, Avril M- F, Azizi E, Soyer HP, Bataille V, Dalmasso B, Bowdler LM, Burdon 
KP, Chen WV, Codd V, Craig JE, Dębniak T, Falchi M, Fang S, Friedman E, Simi S, Galan 
P, Garcia- Casado Z, Gillanders EM, Gordon S, Green A, Gruis NA, Hansson J, Harland 
M, Harris J, Helsing P, Henders A, Hočevar M, Höiom V, Hunter D, Ingvar C, Kumar R, 
Lang J, Lathrop GM, Lee JE, Li X, Lubiński J, Mackie RM, Malt M, Malvehy J, McAloney 
K, Mohamdi H, Molven A, Moses EK, Neale RE, Novaković S, Nyholt DR, Olsson H, 
Orr N, Fritsche LG, Puig- Butille JA, Qureshi AA, Radford- Smith GL, Randerson- Moor 
J, Requena C, Rowe C, Samani NJ, Sanna M, Schadendorf D, Schulze H- J, Simms 
LA, Smithers M, Song F, Swerdlow AJ, van der Stoep N, Kukutsch NA, Visconti A, 
Wallace L, Ward SV, Wheeler L, Sturm RA, Hutchinson A, Jones K, Malasky M, Vogt A, 
Zhou W, Pooley KA, Elder DE, Han J, Hicks B, Hayward NK, Kanetsky PA, Brummett 
C, Montgomery GW, Olsen CM, Hayward C, Dunning AM, Martin NG, Evangelou E, 
Mann GJ, Long G, Pharoah PDP, Easton DF, Barrett JH, Cust AE, Abecasis G, Duffy 
DL, Whiteman DC, Gogas H, De Nicolo A, Tucker MA, Newton- Bishop JA, Chanock 
SJ, Demenais F, Brown KM, Puig S, Nagore E, Shi J, Iles MM, Law MH, GenoMEL 
Consortium, Q- MEGA and QTWIN Investigators, ATHENS Melanoma Study Group, 
23andMe, SDH Study Group, IBD Investigators, Essen- Heidelberg Investigators, AMFS 
Investigators, MelaNostrum Consortium. Genome- Wide association meta- analyses 
combining multiple risk phenotypes provide insights into the genetic architecture of 
cutaneous melanoma susceptibility. Nat Genet 2020;52:494–504.

 9 de Lange T. Shelterin: the protein complex that shapes and safeguards human 
telomeres. Genes Dev 2005;19:2100–10.

 10 Robles- Espinoza CD, Harland M, Ramsay AJ, Aoude LG, Quesada V, Ding Z, Pooley 
KA, Pritchard AL, Tiffen JC, Petljak M, Palmer JM, Symmons J, Johansson P, Stark MS, 
Gartside MG, Snowden H, Montgomery GW, Martin NG, Liu JZ, Choi J, Makowski M, 
Brown KM, Dunning AM, Keane TM, López- Otín C, Gruis NA, Hayward NK, Bishop DT, 
Newton- Bishop JA, Adams DJ. Pot1 loss- of- function variants predispose to familial 
melanoma. Nat Genet 2014;46:478–81.

 11 Shi J, Yang XR, Ballew B, Rotunno M, Calista D, Fargnoli MC, Ghiorzo P, Bressac- 
de Paillerets B, Nagore E, Avril MF, Caporaso NE, McMaster ML, Cullen M, Wang 
Z, Zhang X, Bruno W, Pastorino L, Queirolo P, Banuls- Roca J, Garcia- Casado Z, 
Vaysse A, Mohamdi H, Riazalhosseini Y, Foglio M, Jouenne F, Hua X, Hyland PL, Yin 
J, Vallabhaneni H, Chai W, Minghetti P, Pellegrini C, Ravichandran S, Eggermont A, 
Lathrop M, Peris K, Scarra GB, Landi G, Savage SA, Sampson JN, He J, Yeager M, 
Goldin LR, Demenais F, Chanock SJ, Tucker MA, Goldstein AM, Liu Y, Landi MT, NCI 
DCEG Cancer Sequencing Working Group, NCI DCEG Cancer Genomics Research 
Laboratory, French Familial Melanoma Study Group. Rare missense variants in POT1 
predispose to familial cutaneous malignant melanoma. Nat Genet 2014;46:482–6.

 12 Wong K, Robles- Espinoza CD, Rodriguez D, Rudat SS, Puig S, Potrony M, Wong 
CC, Hewinson J, Aguilera P, Puig- Butille JA, Bressac- de Paillerets B, Zattara H, van 
der Weyden L, Fletcher CDM, Brenn T, Arends MJ, Quesada V, Newton- Bishop JA, 
Lopez- Otin C, Bishop DT, Harms PW, Johnson TM, Durham AB, Lombard DB, Adams 
DJ. Association of the POT1 germline missense variant p.I78T with familial melanoma. 
JAMA Dermatol 2019;155:604–9.

 13 Kelich J, Aramburu T, van der Vis JJ, Showe L, Kossenkov A, van der Smagt J, Massink 
M, Schoemaker A, Hennekam E, Veltkamp M, van Moorsel CHM, Skordalakes E. 
Telomere dysfunction implicates POT1 in patients with idiopathic pulmonary fibrosis. J 
Exp Med 2022;219:e20211681.

 14 Potrony M, Puig- Butille JA, Ribera- Sola M, Iyer V, Robles- Espinoza CD, Aguilera 
P, Carrera C, Malvehy J, Badenas C, Landi MT, Adams DJ, Puig S. Pot1 germline 
mutations but not TERT promoter mutations are implicated in melanoma susceptibility 
in a large cohort of Spanish melanoma families. Br J Dermatol 2019;181:105–13.

 15 Karczewski KJ, Francioli LC, Tiao G, Cummings BB, Alföldi J, Wang Q, Collins RL, 
Laricchia KM, Ganna A, Birnbaum DP, Gauthier LD, Brand H, Solomonson M, Watts 
NA, Rhodes D, Singer- Berk M, England EM, Seaby EG, Kosmicki JA, Walters RK, 
Tashman K, Farjoun Y, Banks E, Poterba T, Wang A, Seed C, Whiffin N, Chong JX, 
Samocha KE, Pierce- Hoffman E, Zappala Z, O’Donnell- Luria AH, Minikel EV, Weisburd 
B, Lek M, Ware JS, Vittal C, Armean IM, Bergelson L, Cibulskis K, Connolly KM, 
Covarrubias M, Donnelly S, Ferriera S, Gabriel S, Gentry J, Gupta N, Jeandet T, Kaplan 
D, Llanwarne C, Munshi R, Novod S, Petrillo N, Roazen D, Ruano- Rubio V, Saltzman A, 
Schleicher M, Soto J, Tibbetts K, Tolonen C, Wade G, Talkowski ME, Neale BM, Daly MJ, 
MacArthur DG, Genome Aggregation Database Consortium. The mutational constraint 
spectrum quantified from variation in 141,456 humans. Nature 2020;581:434–43.

 16 Calvete O, Martinez P, Garcia- Pavia P, Benitez- Buelga C, Paumard- Hernández B, 
Fernandez V, Dominguez F, Salas C, Romero- Laorden N, Garcia- Donas J, Carrillo J, 
Perona R, Triviño JC, Andrés R, Cano JM, Rivera B, Alonso- Pulpon L, Setien F, Esteller 
M, Rodriguez- Perales S, Bougeard G, Frebourg T, Urioste M, Blasco MA, Benítez J. A 
mutation in the POT1 gene is responsible for cardiac angiosarcoma in TP53- negative 
Li- Fraumeni- like families. Nat Commun 2015;6:8383.

 17 Rice C, Shastrula PK, Kossenkov AV, Hills R, Baird DM, Showe LC, Doukov T, Janicki S, 
Skordalakes E. Structural and functional analysis of the human POT1- TPP1 telomeric 
complex. Nat Commun 2017;8:14928.

 18 Lei M, Podell ER, Cech TR. Structure of human POT1 bound to telomeric single- 
stranded DNA provides a model for chromosome end- protection. Nat Struct Mol Biol 
2004;11:1223–9.

 19 Liu J, Yu C, Hu X, Kim J- K, Bierma JC, Jun H- I, Rychnovsky SD, Huang L, Qiao F. 
Dissecting fission yeast shelterin interactions via MICro- MS links disruption of 
shelterin bridge to tumorigenesis. Cell Rep 2015;12:2169–80.

 20 Harland M, Cust AE, Badenas C, Chang Y- M, Holland EA, Aguilera P, Aitken JF, 
Armstrong BK, Barrett JH, Carrera C, Chan M, Gascoyne J, Giles GG, Agha- Hamilton C, 
Hopper JL, Jenkins MA, Kanetsky PA, Kefford RF, Kolm I, Lowery J, Malvehy J, Ogbah 
Z, Puig- Butille J- A, Orihuela- Segalés J, Randerson- Moor JA, Schmid H, Taylor CF, 
Whitaker L, Bishop DT, Mann GJ, Newton- Bishop JA, Puig S. Prevalence and predictors 
of germline CDKN2A mutations for melanoma cases from Australia, Spain and the 
United Kingdom. Hered Cancer Clin Pract 2014;12:20.

 21 Li S, MacInnis RJ, Lee A, Nguyen- Dumont T, Dorling L, Carvalho S, Dite GS, Shah M, 
Luccarini C, Wang Q, Milne RL, Jenkins MA, Giles GG, Dunning AM, Pharoah PDP, 
Southey MC, Easton DF, Hopper JL, Antoniou AC. Segregation analysis of 17,425 
population- based breast cancer families: evidence for genetic susceptibility and risk 
prediction. Am J Hum Genet 2022;109:1777–88.

 22 Ossio R, Garcia- Salinas OI, Anaya- Mancilla DS, Garcia- Sotelo JS, Aguilar LA, Adams DJ, 
Robles- Espinoza CD. VCF/Plotein: visualization and prioritization of genomic variants 
from human exome sequencing projects. Bioinformatics 2019;35:4803–5.

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g-2022-108776 on 20 D

ecem
ber 2022. D

ow
nloaded from

 

http://orcid.org/0000-0001-9490-0306
http://orcid.org/0000-0003-3277-7466
http://dx.doi.org/10.1126/science.8153634
http://dx.doi.org/10.1038/ng.3373
http://dx.doi.org/10.1684/ejd.2016.2787
http://dx.doi.org/10.1093/jnci/dju384
http://dx.doi.org/10.1093/jnci/dju384
http://dx.doi.org/10.1182/blood-2016-01-695692
http://dx.doi.org/10.1111/bjh.15203
http://dx.doi.org/10.1111/bjh.15203
http://www.ncbi.nlm.nih.gov/books/NBK563529/
http://www.ncbi.nlm.nih.gov/books/NBK563529/
http://dx.doi.org/10.1038/s41588-020-0611-8
http://dx.doi.org/10.1101/gad.1346005
http://dx.doi.org/10.1038/ng.2947
http://dx.doi.org/10.1038/ng.2941
http://dx.doi.org/10.1001/jamadermatol.2018.3662
http://dx.doi.org/10.1084/jem.20211681
http://dx.doi.org/10.1084/jem.20211681
http://dx.doi.org/10.1111/bjd.17443
http://dx.doi.org/10.1038/s41586-020-2308-7
http://dx.doi.org/10.1038/ncomms9383
http://dx.doi.org/10.1038/ncomms14928
http://dx.doi.org/10.1038/nsmb867
http://dx.doi.org/10.1016/j.celrep.2015.08.043
http://dx.doi.org/10.1186/1897-4287-12-20
http://dx.doi.org/10.1016/j.ajhg.2022.09.006
http://dx.doi.org/10.1093/bioinformatics/btz458
http://jmg.bmj.com/

	Population-­based analysis of ﻿POT1﻿ variants in a cutaneous melanoma case–control cohort
	Abstract
	References


