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Germline and somatic POT1 mutations have been identified in a range of cancer types.
POT1 mutations are enriched in the N-terminal OB-fold domains. 
Presumably non-benign POT1 mutations are present in approximately 3% of all tumors, with a 
higher prevalence in angiosarcomas (20%), non-small-cell lung cancers, and cutaneous 
squamous cell carcinomas (9%) and melanomas. 
POT1 germline variants are associated with cancer susceptibility in multiple familial cancer types, 
most notably in melanoma. 



Speculation: • POT1 is a negative 
regulator of telomerase.

• Experimentally induced 
complete loss of POT1 
leads to rapid homologous 
recombination (HR)-
mediated telomere 
elongation.

• Carriers of mutant POT1 
genes have longer 
telomeres.

• POT1 suppresses ATR 
activation at telomeres.
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Heritable defects in telomere and mitotic function
selectively predispose to sarcomas
Mandy L. Ballinger1,2†, Swetansu Pattnaik1,2†, Piyushkumar A. Mundra1,2, Milita Zaheed3,
Emma Rath1, Peter Priestley4,5, Jonathan Baber4,5, Isabelle Ray-Coquard6, Nicholas Isambert7,
Sylvain Causeret7, Winette T. A. van der Graaf8, Ajay Puri9, Florence Duffaud10, Axel Le Cesne11,
Beatrice Seddon12, Coonoor Chandrasekar13, Joshua D. Schiffman14, Andrew S. Brohl15,
Paul A. James16,17, Jean-Emmanuel Kurtz18, Nicolas Penel19, Ola Myklebost20,21,22,
Leonardo A. Meza-Zepeda22, Hilda Pickett23, Maya Kansara1,2, Nicola Waddell24, Olga Kondrashova24,
John V. Pearson24, Andrew P. Barbour25, Shuai Li26,27,28,29, Tuong L. Nguyen26, Diane Fatkin2,30,31,
Robert M. Graham2,30, Eleni Giannoulatou2,32, Melissa J. Green33,34, Warren Kaplan1,2,
Shyamsundar Ravishankar1, Joseph Copty1, Joseph E. Powell1,35, Edwin Cuppen4, Kristel van Eijk36,
Jan Veldink36, Jin-Hee Ahn37, Jeong Eun Kim37, R. Lor Randall38, Kathy Tucker3, Ian Judson8,
Rajiv Sarin39, Thomas Ludwig40, Emmanuelle Genin40, Jean-Francois Deleuze41,
the French Exome Project Consortium‡, Michelle Haber42, Glenn Marshall42,43, Murray J. Cairns44,45,
Jean-Yves Blay6, the International Sarcoma Kindred Study‡, David M. Thomas1,2*

Cancer genetics has to date focused on epithelial malignancies, identifying multiple histotype-specific
pathways underlying cancer susceptibility. Sarcomas are rare malignancies predominantly derived from
embryonic mesoderm. To identify pathways specific to mesenchymal cancers, we performed whole-
genome germline sequencing on 1644 sporadic cases and 3205 matched healthy elderly controls. Using
an extreme phenotype design, a combined rare-variant burden and ontologic analysis identified two
sarcoma-specific pathways involved in mitotic and telomere functions. Variants in centrosome genes are
linked to malignant peripheral nerve sheath and gastrointestinal stromal tumors, whereas heritable defects
in the shelterin complex link susceptibility to sarcoma, melanoma, and thyroid cancers. These studies
indicate a specific role for heritable defects in mitotic and telomere biology in risk of sarcomas.

C
ommon and rare genetic variation cur-
rently explains less than 50% of the fa-
milial relative risk for cancer, leaving the
majority of heritability unexplained (1, 2).
Nonetheless, genetic studies focused on

common epithelial cancers have yieldedmajor
insights into the biological mechanisms under-
pinning specific cancer susceptibilities, exem-
plified by homologous recombination in breast

cancer and mismatch repair in colorectal can-
cer (3, 4). Studies of different cancer popula-
tions may therefore yield further insights into
cancer biology. Differing fundamentally from
epithelial cancers, sarcomas are rare connec-
tive tissuemalignancies that arise predominant-
ly from embryonic mesoderm and affect a
younger population (5). Because of their rarity,
they have been relatively understudied to date

at the population level. For the most part, gen-
etic studies into sarcomas have used either
familial linkage approaches or genome-wide
association studies (GWAS). Studies of rare
sarcoma-associated syndromes have led to dis-
covery of key cancer genes, such as the canoni-
cal tumor suppressor, TP53 (6). Whole-exome
sequencing (WES) or whole-genome sequenc-
ing (WGS) are now being used to catalog rare
variants in known genes (7, 8). In principle,
combining both population- and family-based
WGS approaches could uncover additional
genes and pathways by integrating statistical
methods with clinical information. In this
study, we undertook a comprehensive, popu-
lation-based, case-control study using WGS to
identify penetrant genes and pathways that
may explain sarcoma risk.

Results
Clinical findings

In total, 1644 sarcoma probandswere recruited
from sarcoma clinics in this international
multi-institutional study, regardless of family
history (tables S1 and S2). Subjects had a me-
dian age at first cancer diagnosis of 47 years,
and 49 years at first sarcoma diagnosis. Soft-
tissue sarcomas constituted 78.2% of diagnoses
(Table 1 and table S3).Multiple primary cancers
were common, including breast (n = 77), mela-
noma (n = 37), second connective tissue tumors
(n = 37), nonmelanoma skin (n = 35), prostate
(n = 23), colorectal (n = 21), and thyroid can-
cers (n = 17). Because radiation is a known risk
factor for sarcomas (9), we determined the rela-
tionship with therapy for a prior cancer. In 110
(38%) of the 293 individuals with multiple pri-
mary cancers, the sarcoma was the first tumor
diagnosed. In 183 individuals where sarcoma
was the second tumor diagnosed, less than
one-third (56) occurredwithin a prior radiation
field. Of 60 women who developed a sarcoma
after breast cancer, in more than half (32), the
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