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History of LFS 

• 1969 Li and Fraumeni describe 
four families from their studies 
of childhood rhabdomyosarcoma 

• They observe that these families 
have multiple early onset cancers 

• Other clinicians report similar 
families 

• 1982 the pattern of cancers is 
called Li-Fraumeni syndrome 





Classic LFS 

• 1988 Li and Fraumeni undertake a further study to further define the 
clinical features of this syndrome 

• They select 24 families from the National Cancer institute according 
to strict clinical criteria “three close family members affected with 
cancer at a young age including at least one case of sarcoma” 

• These criteria become known as the Classic LFS criteria 

• Follow up studies of these families suggest key LFS associated cancers 
are sarcoma, breast, brain and adrenocortical cancer 

• Appears that condition is inherited in an autosomal dominant pattern 





Finding the cause of LFS 

• TP53 gene was known to be a gene commonly mutated in human 
cancer 
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Cancer is a battle of two genomes 

Germline 

Somatic 



Finding the cause of LFS 

• Researchers hypothesised that germline TP53 mutations could be the 
cause of LFS 

• Genetic testing was undertaken in five families with features of classic 
LFS and mutations in TP53 identified in all families 



TP53 Guardian of the genome 

• Normal role is to preserve the genetic integrity of the cell 

• If cell is damaged TP53 has the ability to activate hundreds of other 
genes to either repair damage to DNA, cause the cell to “self-
destruct” or stop dividing 

• These mechanisms prevent cancer developing 

 



Tumour suppressor gene 

Cancer in general population –somatic 
mutation 

Cancer in  TP53 carrier –hereditary mutation 

Mutation in TP53 
occurs as cells divide 

One cell develops a 
mutation in second 
copy of TP53, cells 
divide and cancer 
develops 

All cells start off with 
mutation in one copy 
of TP53 

One cell develops a 
mutation in second 
copy of TP53, cells 
divide and cancer 
develops 



What is a mutation? 

ATAAATGTATGAATACTCCATTTTTCTATTATCCTATATGGCCCCAGGTGTAATTGTATAGTATCTCTTT 

TTACTGTTAAATGCTGCAATAAGACTCACATGCAAAAAGCTGTATCTCTAAGCACTTAATAATTTGTTTC 

CCCAGGAGAGTGATTCGATGATGGTGGATCCAACCAATGACATCCGGATTATAGGCTCCATCACAGTGGT 

GATTCTTCTAGGAATTTCAGTAGCTGGAATGGAATGGGAGGCAAAGGTAAATTTCTCAAAAATGATATTA 

TCAACAGTGGCTGGTCAGGTCCTGAACAAATTGCAGGAGTAGAGGGAACTCCATATTCAAAAGGAATTGC 

TGTTATTACCTGCTATGGTGAAATGAGCAGGCAAGTGCTAGGTGGAACACCAAGCCTGCAAAGCACGAAG 

CCCAGGCAGTCATGATTCAGGGCTCACGAGTCACATGACTGCCGTATTTTGTCTCTCTGTGCTGTCACCA 

AGGCGGCTGCCTTATGCACAGACCCCTTATGATCATAGCAGTGGTGCACGCTGGAAGCCTGGGTCTCTCA 

ATCACAAACCCTGGTTCCTCTTTCAAGCTGCCTGTGGGTGCAAAAGCCCAAGAGAAATGGCAAGTGTGTT 

GAGAACATAAGAGAGGCAAAAACTATCATTCTCATCTGAAAGCCAGTACTTCACCAGCAAATTTAGGCAC 

ATCATAGGCTTTAGAACCAGAAAATCTCTGAGTTTAACTAGTGATAAAATGGATAGTAAATTTCCGAATG 

ATGGGAAACATGTCTTTTGCCTCCTTTGTAATTCCCTCAAGTGACTGGTGCAATTGAAAATATTCCTACG 

AGCCTGTGGATGAAGTAACTAGATCTCAAGCAGTCATGAGATGTGGAAAGACAGCCAAAGCCTCCCACCT 

ATAAGTCAATAGAAAACATTCCTACATGGCATTTATTTGTAGATTATGCATTCACACATTCAACAAAAAT 

TAAGTTAGTGCCTACCACATGTTGAGCATTCTTCTCGGCACTGATATGGACCTGTGACCAAAACAGGCCT 

AATCCCTATATATGGTCTATGAAGAGATCAATAATAAGCAAGCAAATAAAGAAATAAATATAAAAAGAGA 

ATTTGTGAAAATTAGTATCAACAGGACACTGTGATGAAAAAACACAGAACCCTACTTTAGATAACTTTAT 

TCCCTGAGTGAGGCAATGAAGTTTAGTTAGCAGTAGAGGGTAGCATTTAAAGCTCCAGCTCTGTAGTTAG 

AGTGCCTGAATTTGAATCCAGCTTATATCTCTGCAGCCTTTAGTAAATTATTTAACCTCTCGGTGCTTCA 

GTGTCTTTACCTTTAAAATGAGGATAATAATATTGCCTACTCCATAAGGTTGTCAGTTTGTTGGTGGTAT 

TATTTACCTAAAAGAATGCAGGGAAAGTAAATCTGCAACTGCTCTATTGTAAGCCCTCAGTGAACAGATA 

GCTGTTATTATTTAAATGGGCCAGGCACGGTGGCACATACCTGTAATCCCAGCACTTTGGGAGGCTGAGG 

CGGGCAGATCACGAGGTCAGGAGTTCGAGGCCAGCCTGGCCAACATGGTCAAACCCTGTCTCTATTAAAA 

ATATAAAATTAGCCAGGGTGGCGTATGCCTGTAATCCCAGCTACTCAGGAGGCTGAGGCAGGAGAATTGC 

TTGAACCCAGGAGGTGGAGGTTGCAGTGAGCCGAGATCGTGCCATTGCATTCCAGCCTGGGCGACAGAGT 

GAGACTCCATCTTGGGAAAACAAAATAAAATAAAAAAACATAAAAGATTAAATTTTCAAGAAAGGCCCTC 

TGAGGAGGTAACTAAGACTTAAAGGATGAAAAGAAGGAAATAGCTATGCAAGAAGTAGAGTGAAGTGCTT 

TCCAGGTAAAGGAAACAGCATATGGCAACACCAAGCCATAAACACCTTGCAGCATTGGAGGGGCTGAAGG 

AAGACCATCTGACCAGTCAACTTTGCAGACTGCTTGTGCTGAGCACACAGCGGCAGCCTGACGTCAAGTG 

CACTGGGAATCACAGGAATTGTATTCATCATTCTGCATTCTCGAACTGCTGCAGTTAGCACTGGGAACAG 

AAACAACCCATAAGTGCTCTGCTGAAAACAAACAAACAAAACCCCCCTCAAGTTTATCAGTGTTAAAACT 

TTTGGCTTCCTTTACATTCCTGGGACAATGGTGGAAGTTACCCATCTGCTACTTAGAATGTTACAGAAAT 



The genetic code is ‘read’ in 3-letter 
words… 



TTCTCGGCACTGATATGGACC 

TTC  TCG  GCA  CTG  ATA  TGG  ACC 

Phe - Ser - Ala - Leu - Iso - Trp - Thr 



TTCTCGGAGCTGATATGGACC 

TTC  TCG  GAG  CTG  ATA  TGG  ACC 

Phe – Ser – Glu – Leu – Iso – Trp - Thr 

‘Missense’ mutation 



TTCTCGGAGCTGATATGAACC 

TTC  TCG  GAG  CTG  ATA  TGA  ACC 

Phe – Ser – Glu – Leu – Iso – Stop        

‘Nonsense’ mutation 



TTCTCGGCACTGATATGGACC 

TTC  TCG  GCA  CTG  ATA  TGG  ACC 

Phe - Arg - His - Stop 

TTC  CGG  CAC  TGA  TAT  CGA  CCT 

‘Frameshift’ mutation 



Mutation spectrum 

175 

245 

248 
273 

282 

337 

0

10

20

30

40

50

60

70

80

90

100

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

N
u

m
b

er
 o

f 
n

o
n

-s
y

n
o

n
y

m
o

u
s 

su
b

st
it

u
ti

o
n

s 

Codon number 

a) Codon distribution of constitutional non-synonymous TP53 substitutions (n=435) 

72% 

6% 

8% 

1% 4% 

8% 

1% 

a) Mutation type of 597 constitutional TP53 mutations 

Type of mutation may affect cancer risk –further work needs to be done- 





• Genetic variation makes us unique 
• “polymorphisms”  

• Is the basis for evolution 
 

http://dee-annarogers.com 

Variants of unknown significance 



TTCTCGGAGCTGATATGGACC 

TTC  TCG  GAG  CTG  ATA  TGG  ACC 

Phe – Ser – Glu – Leu – Iso – Trp - Thr 

Change in code– but does this affect the 
function of the gene? 



TP53 variants of unknown significance 

• We know there are normal variants in the TP53 gene R72P and P47S 

• Found at significant frequency in control population 

• Other variants may be rare 

• Some variants are hard to classify on the available evidence and need 
to remain under review until further statistical evidence or functional 
studies are performed 



Prevalence of LFS 

• Hard to estimate 

• Families have been highly selected for testing 

• We know that TP53 mutations are identified in families who don’t 
meet  LFS criteria –but probably many other patients and families 
have not been tested 

 

 



Cancer risk 

• Defined on classic LFS families 

• Females have higher lifetime cancer risks due to risk of breast cancer 

• Female carriers: Ages 20 (18%), 30 (49%), 40 (77%), and 50 (93%)  

• Male carriers: Ages 20 (10%), 30 (21%), 40 (33%), and 50 (68%) 

 

• Risk likely more variable 

• Some mutations appear to be associated with lower or more specific 
cancer risks e.g R337H 

• LFS is a clinical diagnosis –need to move to TP53 related risks –more 
research required 



Spectrum of Cancers 
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Management for TP53 carriers 

• Lyon working group 2007 

• No evidence for surveillance other than breast cancer 

• Breast MRI and discussion of risk reducing mastectomy 

 

• Screening strategies under investigation 



Inheritance 

• Autosomal dominant 

• De novo 



Parents 

Gametes 

AUTOSOMAL DOMINANT INHERITANCE 

egg/sperm 
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Reproductive options 

• Pre-implantation genetic diagnosis 

• Prenatal diagnosis 



De novo mutations 

• About 7% TP53 germline mutations have arisen de novo –i.e not 
inherited from parent 

• Mutation arises in egg or sperm 

• May mean individuals are not tested as no family history  

 

 



De novo mutations 

• About 7% TP53 germline mutations have arisen de novo –i.e not 
inherited from parent 

• Mutation arises in egg or sperm 

• May mean individuals are not tested as no family history  

 

 



Next generation sequencing technologies 

Genetic technologies have advanced meaning we now have the ability to test more cancer genes in more patients 



Thank you  
Any questions? 


