Tumor Syndromes Predisposing to Osteosarcoma
Osteosarcoma (OS) is the most common primary bone tumor with bi-modal age
distribution predominantly occurring in adolescents and a small second peak in the
elderly (1). While the vast majority of osteosarcomas are sporadic, a small percentage
occurs as component of hereditary syndromes. The known Osteosarcoma predisposition
syndromes are as follows: Li-Fraumeni syndrome (LFS), Retinoblastoma (RB),
Rothmund-Thompson syndrome (RTS Type 2), Werner Syndrome (WS), Bloom
syndrome (BLM), RAPADILNO syndrome and Diamond Blackfan Anemia (DBA).
Li-Fraumeni Syndrome (LFS)
Described in 1969 by Drs. Frederick Li and Joseph F. Fraumeni Jr, this hereditary
cancer predisposition syndrome is associated with sarcomas, breast carcinoma, brain
tumors, leukemias and adrenocortical carcinomas (2). LFS is an autosomal dominant
disorder and is characterized by germline mutations in TP53 gene (3, 4). Classic LiFraumeni criteria include proband diagnosed with sarcoma before age 45, has first –
degree relative with any cancer before age 45 and another first or second degree
relative with any cancer before age 45 or sarcoma at any age (2). About 250 mutations
throughout the gene have been detected, majority occurring within the DNA binding
domain (DBD) (5, 6).
The most common sarcoma in LFS is osteosarcoma accounting for about 12.6% of the
cases (7). While the presentation is similar to sporadic osteosarcoma with metaphysis of
long bones as the most commonly affected site, age at presentation can be younger
than in general population(8). Histological features are similar to conventional
osteosarcomas and the tumor is composed of pleomorphic tumor cells containing
variable amounts of osteoid matrix and can be sub typed as osteoblastic, chondroblastic
and fibroblastic types depending on the predominant matrix produced by the tumor (2).
The earlier age of onset at successive generations (genetic anticipation) is attributed to
telomere attrition and a role for higher mutator phenotype in successive generations(9).
The most common TP53 mutations in sarcoma patients of LFS are missense mutations
(72.8%) and involve codons 273,248,282,175 and 220 in the DNA binding domain
(DBD)(8). High prevalence of codon 245 and 282 were seen in osteosarcoma whereas
more than 20% of all mutations are seen at codon 273 in patients with
rhabdomyosarcoma(8). Mutations outside the DBD (codons 337 or 344) are associated
with leiomyosarcoma and unlike osteosarcoma and rhabdomyosarcoma, frameshift,
splice –site and nonsense mutation are more frequent. It is postulated that mutations
predicting absence of wild type protein lead to late-onset type sarcoma and missense
DBD mutations accumulating mutant proteins give rise to early onset types of sarcoma
such as osteosarcoma and rhabdomyosarcoma(8).
Hereditary Retinoblastoma:
Hereditary retinoblastoma is a rare autosomal dominant disorder of infancy caused by
biallelic mutation of the RB1 gene in a developing retinal tissue. Inherited mutation of
RB1 in one allele is a predisposing factor for the development of retinoblastoma
following the mutation of the second allele (10, 11). This hypothesis termed as “the twohit hypothesis” put forth by Alfred Knudson in 1971 was based upon statistical analysis
of hereditary and spontaneous retinoblastoma cases (12). RB1 gene is a cell cycle

regulatory gene and homozygous RB1 mutations are embryologically lethal(13). In
recent years the cure rates of >90% has been achieved for patients with retinoblastomas
(14). However, children with retinoblastoma are at increased risk of developing
subsequent malignancies, especially osteosarcoma at a later time and also more
susceptible to develop these tumors following radiation (15). RB1 is located at
ch13q14.1 and consists of 27 exons encoding a 105 KD RB1 protein (16). The spectrum
of RB1 mutations are distributed throughout the gene and include missense mutations,
indels, promoter and splicing mutations and also epigenetic changes such as promoter
methylation(17). The incidence of somatic RB1 mutation in osteosarcoma ranges
between 30-75% (18). In hereditary retinoblastoma patients there is a 400-fold increase
for developing osteosarcoma related to both genetic susceptibility and radiation
therapy(15). The age incidence is similar to sporadic osteosarcoma affecting
adolescents and young adults. Unlike LFS there are no established guidelines for
surveillance for secondary malignancies in retinoblastoma survivors. In one study (19)
favorable outcome has been reported in second primary osteosarcomas of extremity in
retinoblastoma survivors.
Osteosarcoma Predisposition and RecQ DNA Helicases:
RecQ helicases are proteins that are necessary for unwinding of double stranded DNA
during replication and repair and thus are important for maintaining genomic integrity
(20). There are 5 RecQ helicases and mutations in three of them (RecQL4, BLM, WRN)
are associated with Rothmund-Thompson, Bloom and Werner syndromes respectively.
All 3 are cancer predisposition syndromes. RecQL4 is also mutated in RAPADILINO
syndrome.
Rothmund –Thompson Syndrome (RTS)
Rothmund-Thompson syndrome belongs to RecQ helicase associated autosomal
recessive disorders strongly associated with osteosarcoma predisposition(21). Two
types of RTS have been described (RTS Type 1 and RTS Type 2). Type 2 RTS is
caused by mutations of RecQL4 helicase (ch 8q24) and predisposes to osteosarcoma
and skin cancer development (22). The syndrome is characterized by poikiloderma,
sparse hair, frontal bossing, saddle nose, short stature, radial defects, hypoplastic
patellae, esophageal or pyloric atresia, annular pancreas, myelodysplasia and
cataracts(21). Types of mutations in RecQL4 include nonsense, frameshift, splice site
and intronic deletions (23). Unlike other TP53 and RB mutated syndromes, RecQL4
mutations are not seen in sporadic OS (23). In a review of 61 patients with RTS by
Stinco et al(24), OS accounted for 62% of cancers, of which 3 were multicentric
(metachronous) and 12 developed before the age of ten. An association of gene
truncation mutations with development of OS has been proposed by some authors (25).
Histological subtypes described are similar to conventional OS and multimodality
chemotherapy has been recommended as treatment of choice (26) based on outcome
on a series of 7 patients. A second syndrome caused by RecQ4 mutations and
predisposition to OS is RAPADILINO syndrome(21). The name is the acronym for: RA:
Radial dysplasia; PA: Patella aplasia or hypoplasia and left high arched palate; DI:
Diarrhea and Dislocated joints; LI: Little size and Limb malformations; NO: long, slender
Nose and NOrmal Intelligence)(21).
Werner Syndrome (WS)
Werner syndrome is an autosomal recessive disorder; also known as adult progeria

characterized by premature aging, short stature, bilateral cataracts and scleroderma-like
skin changes(27). These patients are predisposed to many types of neoplasia including
osteosarcoma, soft tissue sarcoma, meningioma, myeloid disorders, melanomas, thyroid
carcinomas among others (27). High prevalence is noted in the Japanese, presumably
related to founder effect (27). OS occurs at a later age, usually in the fourth decade(21).
WS is caused by mutations occurring at WRN gene, belonging to the RecQ family(21).
OS in WS cases have atypical distribution affecting predominantly foot, ankle and patella
(28). They are treated similar to conventional osteosarcoma(21).
Bloom Syndrome (BLM):
Bloom syndrome is an autosomal recessive disorder characterized by short stature, sunsensitive rash and sparseness of subcutaneous fat in infancy and childhood(21).
Mutations in BLM gene which is a RecQ helicase was discovered in 1995 (29). While
majority of the cancers in BLM are carcinomas, leukemias and lymphomas, the
osteosarcoma rate is higher than general population(30). The prevalence rate in
Ashkenazi Jews is 1% and osteosarcomas are treated by standard regimens(31).
Diamond Blackfan Anemia (DBA)
Diamond Blackfan Anemia is a clinically and genetically heterogeneous disease
characterized by pure red cell aplasia manifested at early infancy, congenital
abnormalities (craniofacial, thumb, heart, renal) and predisposition to cancer(21).
Disease causing mutations are seen in Ribosomal S19 and other ribosomal proteins
(32). Six cases of OS have been reported among 700 DBA patients(33) .
References:
1. Mirabello L, Troisi RJ, Savage SA. International osteosarcoma incidence patterns in
children and adolescents, middle ages and elderly persons. Int J Cancer;125(1):229-34,
2009.
2. Correa H. Li-Fraumeni Syndrome. J Pediatr Genet;5(2):84-8, 2016.
3. Malkin D, Li FP, Strong LC, Fraumeni JF, Jr., Nelson CE, Kim DH, et al. Germ line
p53 mutations in a familial syndrome of breast cancer, sarcomas, and other neoplasms.
Science;250(4985):1233-8, 1990.
4. Srivastava S, Zou ZQ, Pirollo K, Blattner W, Chang EH. Germ-line transmission of a
mutated p53 gene in a cancer-prone family with Li-Fraumeni syndrome.
Nature;348(6303):747-9, 1990.
5. Varley J, Haber DA. Familial breast cancer and the hCHK2 1100delC mutation:
assessing cancer risk. Breast Cancer Res;5(3):123-5, 2003.
6. Pinto EM, Ribeiro RC, Figueiredo BC, Zambetti GP. TP53-Associated Pediatric
Malignancies. Genes Cancer;2(4):485-90, 2011.
7. Mirabello L, Yeager M, Mai PL, Gastier-Foster JM, Gorlick R, Khanna C, et al.
Germline TP53 variants and susceptibility to osteosarcoma. J Natl Cancer Inst;107(7)
2015.
8. Ognjanovic S, Olivier M, Bergemann TL, Hainaut P. Sarcomas in TP53 germline
mutation carriers: a review of the IARC TP53 database. Cancer;118(5):1387-96, 2012.
9. Tabori U, Malkin D. Risk stratification in cancer predisposition syndromes: lessons
learned from novel molecular developments in Li-Fraumeni syndrome. Cancer
Res;68(7):2053-7, 2008.

10. Knudson AG. Two genetic hits (more or less) to cancer. Nat Rev Cancer;1(2):15762, 2001.
11. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell;100(1):57-70, 2000.
12. Knudson AG, Jr. Mutation and cancer: statistical study of retinoblastoma. Proc Natl
Acad Sci U S A;68(4):820-3, 1971.
13. Jones KB. Osteosarcomogenesis: modeling cancer initiation in the mouse.
Sarcoma;2011(ID: 694136):10 pages, 2011.
14. Khelfaoui F, Validire P, Auperin A, Quintana E, Michon J, Pacquement H, et al.
Histopathologic risk factors in retinoblastoma: a retrospective study of 172 patients
treated in a single institution. Cancer;77(6):1206-13, 1996.
15. Wong FL, Boice JD, Jr., Abramson DH, Tarone RE, Kleinerman RA, Stovall M, et al.
Cancer incidence after retinoblastoma. Radiation dose and sarcoma risk.
JAMA;278(15):1262-7, 1997.
16. Dimaras H, Corson TW, Cobrinik D, White A, Zhao J, Munier FL, et al.
Retinoblastoma. Nat Rev Dis Primers;1:15021, 2015.
17. Price EA, Price K, Kolkiewicz K, Hack S, Reddy MA, Hungerford JL, et al. Spectrum
of RB1 mutations identified in 403 retinoblastoma patients. J Med Genet;51(3):208-14,
2014.
18. Ottaviani G, Jaffe N. The etiology of osteosarcoma. Cancer Treat Res;152:15-32,
2009.
19. Fujiwara T, Fujiwara M, Numoto K, Ogura K, Yoshida A, Yonemoto T, et al. Second
primary osteosarcomas in patients with retinoblastoma. Jpn J Clin Oncol;45(12):113945, 2015.
20. Lu L, Jin W, Liu H, Wang LL. RECQ DNA helicases and osteosarcoma. Adv Exp
Med Biol;804:129-45, 2014.
21. Calvert GT, Randall RL, Jones KB, Cannon-Albright L, Lessnick S, Schiffman JD.
At-risk populations for osteosarcoma: the syndromes and beyond.
Sarcoma;2012:152382, 2012.
22. Larizza L, Roversi G, Volpi L. Rothmund-Thomson syndrome. Orphanet J Rare
Dis;5:2, 2010.
23. Nishijo K, Nakayama T, Aoyama T, Okamoto T, Ishibe T, Yasura K, et al. Mutation
analysis of the RECQL4 gene in sporadic osteosarcomas. Int J Cancer;111(3):367-72,
2004.
24. Stinco G, Governatori G, Mattighello P, Patrone P. Multiple cutaneous neoplasms in
a patient with Rothmund-Thomson syndrome: case report and published work review. J
Dermatol;35(3):154-61, 2008.
25. Wang LL, Gannavarapu A, Kozinetz CA, Levy ML, Lewis RA, Chintagumpala MM,
et al. Association between osteosarcoma and deleterious mutations in the RECQL4
gene in Rothmund-Thomson syndrome. J Natl Cancer Inst;95(9):669-74, 2003.
26. Zils K, Klingebiel T, Behnisch W, Mueller HL, Schlegel PG, Fruehwald M, et al.
Osteosarcoma in patients with Rothmund-Thomson syndrome. Pediatr Hematol
Oncol;32(1):32-40, 2015.
27. Goto M, Miller RW, Ishikawa Y, Sugano H. Excess of rare cancers in Werner
syndrome (adult progeria). Cancer Epidemiol Biomarkers Prev;5(4):239-46, 1996.
28. Ishikawa Y, Miller RW, Machinami R, Sugano H, Goto M. Atypical osteosarcomas in
Werner Syndrome (adult progeria). Jpn J Cancer Res;91(12):1345-9, 2000.
29. Ellis NA, Groden J, Ye TZ, Straughen J, Lennon DJ, Ciocci S, et al. The Bloom's
syndrome gene product is homologous to RecQ helicases. Cell;83(4):655-66, 1995.
30. German J. Bloom's syndrome. XX. The first 100 cancers. Cancer Genet
Cytogenet;93(1):100-6, 1997.

31. Li L, Eng C, Desnick RJ, German J, Ellis NA. Carrier frequency of the Bloom
syndrome blmAsh mutation in the Ashkenazi Jewish population. Mol Genet
Metab;64(4):286-90, 1998.
32. Draptchinskaia N, Gustavsson P, Andersson B, Pettersson M, Willig TN, Dianzani I,
et al. The gene encoding ribosomal protein S19 is mutated in Diamond-Blackfan
anaemia. Nat Genet;21(2):169-75, 1999.
33. Lee RS, Higgs D, Haddo O, Pringle J, Briggs TW. Osteosarcoma associated with
diamond-blackfan anaemia: a case of a child receiving growth hormone therapy.
Sarcoma;8(1):47-9, 2004.

