
Li-Fraumeni syndrome, 
clinical and molecular genetics 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The work presented in this thesis was carried out at the Family Cancer Clinic of the Netherlands 
Cancer Institute (NKI-AVL) and the VU Medical Center, Amsterdam, The Netherlands in 
cooperation with all clinical genetics departments in the Netherlands. 
 
 
ISBN: 978-90-8659-421-4 
 
Cover: p53 tetramerisation domain (http://www.ebi.ac.uk/) 
Lay out: Mariëlle Ruijs 
Printed by: Ipskamp Drukkers B.V. 
 
© MWG.Ruijs, 2009  
All rights reserved. No part of this thesis may be reproduced, stored in a retrieval system or 
transmitted, in any form or by any means, without permission of the author. 
 
 
 
 
 



 
VRIJE UNIVERSITEIT 

 
 
 
 

Li-Fraumeni syndrome, clinical and molecular genetics 
 
 
 
 
 

ACADEMISCH PROEFSCHRIFT 
 
 
 

ter verkrijging van de graad Doctor aan 
de Vrije Universiteit Amsterdam, 
op gezag van de rector magnificus  

prof.dr. L.M. Bouter, 
in het openbaar te verdedigen  

ten overstaan van de promotiecommissie  
van de faculteit der Geneeskunde 

op vrijdag 5 februari 2010 om 15.45 uur 
in de aula van de universiteit, 

De Boelelaan 1105 
 
 
 
 
 
 
 
 
 
 
 

door 
 
 

Maria Wilhelmina Gijsberdina Ruijs 
 
 

geboren te ’s-Hertogenbosch 
 

 
 
 



 
promotoren:  prof.dr. L.P. ten Kate 
   prof.dr. E.J. Meijers-Heijboer 
 
copromotoren:  dr. L.J. van ’t Veer 
   dr. F.H. Menko 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

        Voor ons pap en ons mam 



 
With special thanks to the reading committee: 
 
Prof.dr. E. Boven (VUmc, Amsterdam, The Netherlands) 
Prof.dr. G.J.L. Kaspers (VUmc, Amsterdam, The Netherlands) 
Prof.dr.ir. F.E. van Leeuwen (NKI-AVL, VUmc, Amsterdam, The Netherlands)  
Prof dr. D. Malkin (The Hospital for Sick Children, Toronto, Canada) 
Dr. S. Verhoef (NKI-AVL, Amsterdam, The Netherlands) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Contents 
 
CHAPTER 1           9 
Introduction and outline of the thesis 

1.1 Li-Fraumeni syndrome       11 
1.1.1 The clinical picture 
1.1.2  The role of TP53 germline mutations 

1.2 The TP53 gene and its function      14 
1.3 TP53 mutations        17 

1.3.1 Mutation detection methods 
1.3.2 De novo mutation rate 
1.3.3 Pathogenic TP53 germline mutation spectrum 
1.3.4 Genotype-phenotype correlations 
1.3.5 Polymorphisms in the TP53 gene 
1.3.6 Somatic TP53 mutation spectrum 

1.4 TP53 germline mutations in “sporadic” cancer patients   23 
1.5 Are other genes involved in LFS?      25 
1.6 Cancer risks in LFS/LFL family members     26 
1.7 TP53 and radiation        27 
1.8 Management of TP53 mutation carriers     29 
1.9 Aims and outline of this thesis       30 

 
CHAPTER 2           37 
TP53 germline mutation testing in 180 families suspected of Li-Fraumeni syndrome: 
mutation detection rate and relative frequency of cancers in different familial  
phenotypes. 
M.W.G. Ruijs, S. Verhoef, M.A. Rookus, R. Pruntel, A.H. vd Hout, F.B.L. Hogervorst, I. Kluijt,  
R.H. Sijmons, A. Wagner, M.G.E.M. Ausems, N. Hoogerbrugge, C. van Asperen, E.B. Gomez Garcia,  
H. Meijers-Heijboer, L.P. ten Kate, F.H. Menko L.J. van ‘t Veer  
Submitted 
 
CHAPTER 3           53 
The contribution of CHEK2 to the TP53 negative Li-Fraumeni phenotype. 
M.W.G. Ruijs1,3, A. Broeks2, F.H. Menko3, M.G.E.M. Ausems4,  A. Wagner5, R. Oldenburg5,  
H. Meijers-Heijboer3,5, L.J. van ’t Veer2, S. Verhoef1* 
Hereditary Cancer in Clinical Practice 2009, Feb 17;7(1):4 
 
 CHAPTER 4          65 
The single nucleotide polymorphism 309 in the MDM2 gene contributes to the Li-
Fraumeni syndrome phenotype.  
Mariëlle W.G. Ruijs1,3, Marjanka K. Schmidt2, Heli Nevanlinna4, Johanna Tommiska4, Kristiina  
Aittomäki5, Roelof Pruntel1, Senno Verhoef1, Laura J. van ´t Veer1 
Eur J Hum Genet. 2007 Jan;15(1):110-4. 
 
 
 
 
 
 
 



CHAPTER 5           73 
TP53 in clinical practice 

5.1       Late-onset common cancers in a kindred with an Arg213Gln TP53 germline  
mutation 
Mariëlle W.G. Ruijs1,2, Senno Verhoef1, Gea Wigbout1, Roelof Pruntel1, Arno N. Floore1, 
Daphne de Jong1, Laura J. van ´t Veer1, Fred H. Menko2 
Familial Cancer 2006; 5(2):169-74. 

 
 

5.2      Two TP53 germline mutations in a family with Li-Fraumeni syndrome 
L P van Hest1,4, M W G Ruijs2,3,4, A Wagner1, C van de Meer1, S Verhoef2, L J van ‘t 
Veer2, H Meijers-Heijboer1,* 
Familial Cancer 2007;6(3):311-6 
 
 

CHAPTER 6           95 
Discussion 
 
CHAPTER  7          105 
Summary  

7.1 Summary 
7.2 Samenvatting 

 
ADDENDUM          123 
Li-Fraumeni syndrome: guidelines for diagnosis and management 
 
Dankwoord           129 
 
Curriculum vitae          133 
 
List of publications          137 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 
 

         Chapter 1 
 

General introduction and outline of the thesis 
1.1 Li-Fraumeni syndrome        11 

 1.1.1 The clinical picture 

 1.1.2. The role of TP53 germline mutations  

1.2 The TP53 gene and its function       14 

1.3 TP53 mutations         17 

 1.3.1 Mutation detection methods 

 1.3.2 de novo mutation rate 

 1.3.3  Pathogenic TP53 germline mutation spectrum 

 1.3.4 Genotype-phenotype correlations 

 1.3.5 Polymorphisms in the TP53 gene 

 1.3.6 Somatic TP53 mutation spectrum 

1.4 TP53 germline mutations in “sporadic” cancer patients    23 

1.5 Are other genes involved in LFS?       25 

1.6 Cancer risks in LFS/LFL family members      26 

1.7 TP53 and radiation         27 

1.8 Management of TP53 mutation carriers      29 

1.9 Aims and outline of the thesis        30 



Chapter 1 
 

10 

 



Introduction 
 
 

11 

1.1  Li-Fraumeni syndrome 
 
1.1.1. The clinical picture 
More than forty years ago Frederic P. Li and Joseph F. Fraumeni studied the possible association 
between childhood-onset sarcoma and breast cancer. Their studies were based on the referral of 
two cousins who both developed rhabdomyosarcoma in childhood. Both children had one parent 
who developed cancer (acute myelocytic leukaemia at 24 years and female breast cancer at 28 
years, respectively). Based on these probands a novel familial syndrome was suspected. 
Subsequently, the medical charts of 280 children treated for rhabdomyosarcoma and the records 
of 418 children who died of rhabdomyosarcoma were reviewed. The investigators found three 
additional families in which a sib pair had developed rhabdomyosarcoma. In these three 
additional families identified, two of the mothers developed breast cancer at 22 and 24 years 
respectively, whereas in the third family soft tissue sarcoma at 22 years of age was observed. The 
four families were described by Li and Fraumeni, as “Soft-tissue sarcomas, breast cancer, and 
other neoplasms. A familial syndrome?” in which they suggested the existence of a new familial 
cancer syndrome [1]. In 1982 this familial syndrome was named “Li-Fraumeni syndrome” [2].  
 
Figure 1. 

                                                                                   
Dr. Frederick P. Li     Dr. Joseph F. Fraumeni 
 
Li-Fraumeni syndrome (LFS) is now defined as a rare hereditary cancer predisposition syndrome 
(Online Mendelian Inheritance in Man #151623), characterised clinically by specific types of 
cancer, in particular early-onset bone and soft tissue sarcoma, breast cancer, brain tumours, 
adrenocortical carcinoma and leukaemia. Typically, patients with LFS develop multiple primary 
tumours, synchronously, or in the course of their lifetime [3]. The inheritance pattern of LFS is 
autosomal dominant. Since most tumours that are associated with LFS show somatic mutations 
in the tumour suppressor gene TP53, this gene was selected as a plausible candidate gene and in 
1990 the involvement of TP53 germline mutations in LFS families was established [4]. Besides 
the typical LFS tumours, other cancers also occur in TP53-positive families, according to Birch et 
al. the most notable being Wilms’ tumour, phyllodes tumour, pancreatic cancer and 
neuroblastoma [5]. 
 
1.1.2 The role of TP53 germline mutations 
Before the identification of the TP53 gene, diagnostic criteria for LFS were based on pedigree 
information. The criteria proposed by Li and Fraumeni [6] are given in Table 1a. 
However, after the identification of TP53, germline mutations in this gene were also identified in 
families not meeting these LFS criteria. For this reason less restrictive criteria were proposed by 
Birch et al. [7] for Li-Fraumeni-like syndrome (LFL) (Table 1a). Currently, in about 75% of LFS 
and 40% of LFL families a causative germline TP53 mutation is found [8].  
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Table 1a. 
Clinical criteria for LFS/LFL 

Table 1b. 
Chompret criteria for TP53 germline mutation testing 

 

- a proband with sarcoma diagnosed under the age of 45 years 
AND 
- a first-degree relative with any cancer under 45 years 
AND 

Classical LFS  
criteria  
Li et al. [6] 

- another first- or second-degree relative with either cancer under 45 
years or a sarcoma at any age          
- a proband with any childhood cancer or sarcoma, brain tumour or 
adrenocortical tumour under the age of 45 years 
AND 
- a first- or second degree relative with a typical LFS cancer at any age 
AND 

LFL criteria 
Birch et al. [7] 

- a first- or second degree relative in the same lineage with any cancer 
under 60 years     

- a proband affected by a narrow spectrum cancer (sarcomas, brain 
tumours, breast cancer and adrenocortical carcinoma) before 36 years 
and at least one first or second degree relative affected by a narrow 
spectrum tumour (other then breast cancer if the proband is affected by 
breast cancer) before 46 years or multiple primary tumours 
OR 
- a proband with multiple primary tumours two of which belong to the 
narrow spectrum and the first of which occurred before 36 years 
OR 

Chompret criteria 
for LFS 
Chompret et al. [9] 

- a proband with adrenocortical carcinoma whatever the age of onset and 
family history 
- a proband with a tumour belonging to the LFS tumour spectrum (soft 
tissue sarcoma, osteosarcoma, brain tumours, pre-menopausal breast 
cancer, adrenocortical carcinoma, leukaemia, lung bronchoalveolar 
cancer) before 46 years 
and at least one first or second degree relative with an LFS tumour 
(except breast cancer if the proband is affected by breast cancer) before 
56 years or multiple primary tumours 
OR 
- a proband with multiple primary tumours two of which belong to the 
LFS tumour spectrum and the first of which occurred before 46 years 
OR 

2009 version of 
Chompret criteria 
for LFS 
Tinat et al. [10] 

- a proband with adrenocortical carcinoma or choroid plexus tumor, 
irrespective of family history 
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LFS and LFL are defined by the occurrence of early-onset cancer in multiple family members. 
However, in addition to LFS and LFL families, TP53 germline mutations were also detected in  
some “sporadic” patient with early-onset and/or multiple cancers and a negative family history 
for cancer. Therefore, in 2001, Chompret et al. developed novel criteria for TP53 mutation 
testing [9] (Table 1b). These authors predicted that using these criteria TP53 germline mutations 
would be detected in about 20% of cases. In 29% of the families selected on the Chompret 
criteria a germline TP53 alteration could be detected in a series of French families [11]. Mutations 
were also found in some cases which did not fulfil these criteria, for example choroid plexus 
carcinoma. Therefore, the criteria for TP53 mutation testing were updated in 2009 [10] by 
including lung bronchoalveolar cancer in the LFS tumour spectrum and sporadic adrenal cortical 
carcinoma irrespective of family history. In addition, the age limits were revised (see 2009 version 
of the Chompret criteria for LFS, Table 1b). Most LFS/LFL families will fulfil the Chompret 
criteria. 
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1.2 The TP53 gene and its function 
The TP53 gene (Tumour Protein p53) is localised on the short arm of chromosome 17, 17p13.1 
and approximately 20 kilobases (kb) in length, giving rise to a 2.8-kb mRNA transcript 
comprising 11 exons and encodes a 53-kD nuclear phosphoprotein of 393 amino acids. The 
protein was named p53 after its relative molecular weight. The gene has five highly conserved 
domains, I-V. Conserved domain I is responsible for transactivation properties, the remaining 
domains II-V make up the core DNA-binding domain, encoded by amino acids 100-293 (Figure 
2). 
 
Figure 2. Organisation of the TP53 gene. 

 
The TP53 Web Site, last updated October 2008, http://p53.free.fr/p53_info/p53_gene.html 
E=exon, I-V=domain I-V 
 
Wild type p53 has a half life of 6-20 minutes in normal cells, the mutant protein is more  
resistant to proteolysis and its half life is therefore longer (about 2-12 hours). However, these 
‘stable’ mutant proteins are functionally inactive and they can even capture the wild-type p53 into 
the mutant conformation [12]. The MDM2 gene product forms a complex with the p53 protein 
and inhibits p53-mediated transactivation [13]. 
MDM2 is the key regulator of the level of p53 by acting as an ubiquitin ligase ensuring that p53 is 
a short-lived protein and masking its trans-activation domain. The stabilisation of p53 requires 
reduced MDM2 binding for example through the activation of CHEK2 or ATM in response to 
DNA damage.  
 
At first, the TP53 gene was thought to be a cellular oncogene, because of its ability to immor- 
talize cells and to transform primary fibroblast cultures in cooperation with the RAS gene, 
another oncogene. Subsequently, it was observed that the presumed ‘wild type’ TP53 proteins, 
acting as an oncogene, were in fact mutant. In addition, loss of the wild type allele has been 
associated with mutation of the other allele in many cancers [14]. The TP53 gene was therefore 
reclassified as a tumour suppressor gene. Furthermore, TP53 was shown to be a frequently 
mutated gene in human tumours, TP53 somatic mutations are found in most types of sporadic 
human cancers at various frequencies (5-70%) [15]. The TP53 gene has been termed the ‘guardian 
of the genome’ [16]. TP53 is a checkpoint control gene functioning in response to genotoxic 
stresses including DNA damage (for example by radiation, see Figure 3) nucleotide depletion and 
hypoxia. Under those circumstances, the p53 protein accumulates in the nucleus and is activated 
as a transcription factor [17]  leading to either a delay in cell cycle progression in G1 close to S 
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phase or in G2 before mitosis to allow time for DNA repair or initiation of apoptosis, a program 
of cell death that also depends on TP53. 
 
Figure 3. p53 pathways: upstream pathway 

 
The TP53 Web Site, last updated October 2008, http://p53.free.fr/p53_info/p53_Pathways.html 
 
Activated p53 protein influences (positively or negatively) the expression of more than 150 genes 
that mediate arrest of cell cycle progression or apoptosis. By this mechanism the TP53 gene 
protects against accumulation of genetic alterations, induced by various stress signals. As a 
transcription factor, TP53 may regulate the expression of many genes, for example see figure 4. 
 
Figure 4 p53 pathways: downstream pathway 

 
 
The TP53 Web Site, last updated October 2008, http://p53.free.fr/p53_info/p53_Pathways.html 
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The various stress signals that increase the level of p53 include temperature change and DNA 
damage by UV radiation. Shi et al. [18]  show that population differences in the frequencies of 
two polymorphisms in the p53 tumour suppressor pathway, p53 codon 72 (proline or arginine) 
and MDM2 SNP309 (T>G), are linked to the environmental stresses, winter temperature and UV 
radiation, in East Asian populations. Previous studies showed that these two polymorphisms are 
differentially distributed in different ethnic populations. The p53 codon 72 Arg allele and the 
MDM2 SNP309 G allele are more common in northern Europeans than in Africans or African-
Americans [19-21]. It was hypothesised that these alleles were latitude dependent. Shi et al. [18] 
confirmed that the frequency of p53 Arg72 was associated with latitude. This latitude dependency 
was shown to be tightly associated with winter temperature. Although no latitude dependency of 
the MDM2 SNP309 locus could be demonstrated in these East Asian populations, high 
frequency of the G/G genotype was associated with low UV radiation strength. 
The occurrence of these two polymorphisms in TP53 germline mutation carriers was shown to 
be related to an earlier age of tumour onset [22, 23] 
 
Two homologues of p53 have been identified, p73 [24] and p63 [25]. All three genes regulate cell 
cycle and apoptosis after DNA damage [26]. In cancer p53 is frequently mutated and mice 
lacking p53 (p53-/-) are prone to spontaneous tumours within 6 months [27]. Neither p73 nor 
p63 are frequently mutated in cancer, and mice lacking p73 or p63 are not prone to spontaneous 
tumours [28]. In contrast, Flores et al. [29] did show that p63+/- and p73+/- mice develop 
spontaneous tumours and mice heterozygous for mutations in both p53 and p63 or p53 and p73 
displayed an higher tumour burden compared to p53+/- mice.  
Heterozygous mutations in the p63 gene cause at least six different syndromes with various 
combinations of ectodermal dysplasia, orofacial clefting and limb malformations [30]. 
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1.3 TP53 mutations 

1.3.1 Mutation detection methods 
In 1990, using a candidate gene approach, germline TP53 mutations were found in five LFS 
families [4]. Because subsequently many mutations were found in exons 5-8, these were the exons 
mostly screened. In 1995 it was shown that mutations can be found scattered throughout the 
entire gene [31]. Mutation detection is now mostly performed by sequencing all coding exons and 
flanking intron-exon boundaries. In 2003 it was recommended to include the search for larger 
deletions or duplications [32], at least in classical LFS families, although only two larger 
rearrangements were described so far; a deletion of exon 10 and a deletion of the entire TP53 
gene [32].  
 
1.3.2 De novo mutation rate 
It is difficult to determine the de novo mutation rate of the TP53 gene, because DNA analysis is 
mostly performed in pedigrees with a strong family history for cancer. Chompret et al. [33] tested 
268 children with any solid tumour for TP53 germline mutations and found 17 mutation carriers. 
In all of them, both parents could be tested, and 4 out of 17 TP53 germline mutations (24%) 
were found de novo, none of these four families fulfilled the LFS or LFL criteria. Gonzalez et al. 
[34] published their results of 341 patients with early onset cancer in which 75 TP53 mutation 
carriers were detected. Five de novo mutations were detected, an additional ten TP53 germline 
mutations were likely to be de novo by family history. The de novo rate in TP53 germline 
mutations would be 7-20%. 

1.3.3 Pathogenic TP53 germline mutation spectrum 
Currently, 423 germline TP53 mutations in 419 families have been identified, most frequently 
missense mutations (77.3%), followed by nonsense (6.61%) and frameshift (5.67%) mutations 
(Figure 5, IARC Mutation Database, R13 release, November 2008, [35]). The high proportion of 
missense mutations indicates that the p53 mutant protein in cells has some selective advantage in 
carcinogenesis. It was shown that the mutant p53 can inhibit the function of the wild type p53 in 
a dominant-negative manner by forming a tetrameric complex of which the DNA binding 
capacity is abolished [12]. Besides a dominant-negative function, some mutant p53 proteins have 
acquired a gain of function, defined as the ability to augment cell proliferation in the absence of 
endogenous wild-type p53. For example, by transactivation of p53-independent target genes that 
mediate various oncogenic effects [36]. 

Figure 5. Germline mutations – mutation type / 423 mutations 
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The mutations are detected throughout the entire gene, although some codons are more 
frequently affected than others (Figure 6, IARC Mutation Database, R13 release, November 
2008, [35]). 

 

Figure 6. Germline mutations – codon distribution 

 
The tumours that are associated with TP53 germline mutations and their relative frequencies are 
shown in Figure 7 (IARC Mutation Database, R13 release, November 2008, [35]). The most 
frequently developed tumours in TP53 mutation carriers are breast cancer, adrenal gland 
tumours, sarcoma (soft tissue and bone) and brain tumours. 
 
Figure 7. Types and relative frequencies of tumours associated with TP53 germline 

mutations 
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1.3.4 Genotype-phenotype correlations 
In Li-Fraumeni syndrome patients many types of mutations are scattered throughout the TP53 
gene. If the type of mutation or the position of the mutation within the gene sequence has 
influence on cancer risks, this might be of importance in genetic counselling. Nearly 250 distinct 
germline TP53 mutations have been described in the literature [8]. A database of TP53 mutations 
has been established and can be accessed at www.iarc.fr/p53 [35]. So far, 423 TP53 germline 
mutations have been identified, most frequently missense mutations (77.3%) and located in the 
DNA binding domain (about 90%). Studies on genotype-phenotype correlations have focussed 
on differences in age of onset, (predominant) tumour type and penetrance of different TP53 
germline mutations.  
In a series of individuals with childhood adrenal cortical carcinoma (ACC) and no significant 
cancer family histories, 35 of 36 children were found to have the identical R337H germline 
mutation. Only one of the 126 first-degree relatives was affected with cancer (lung cancer), in 50 
first-degree relatives TP53 mutation analysis was performed, 24 mutation carriers were detected. 
Differences in intragenic polymorphic markers demonstrated that at least some mutant alleles 
arose independently. Since no evidence was found for a founder effect and a cancer family 
history was absent, the authors suggested that the R337H mutation is a low-penetrance TP53 
allele [37]. Figueiredo et al. [38] showed a penetrance of ACC associated with the TP53 R337H of 
10%, by testing 40 children with ACC and their family members. The R337H mutation acting as 
a low-penetrance TP53 allele was challenged in 2006 by Achatz et al. [39]  who described 6 
Brazilian families that fulfilled the LFS or LFL criteria and presented with a wide tumour 
spectrum including breast cancer, brain tumours, STS and ACC.  Other potential low-penetrance 
TP53 mutations, Pro152Leu and Arg158His, have been reported among individuals with 
childhood ACC with non-contributory family histories [40]. Again this can be challenged by 
finding these mutations in LFL families as mentioned in the IARC mutation database, 
www.iarc.fr/p53. The latter mutation is found in our series in a LFS and LFL family, see chapter 
2.   
Birch et al. [41] investigated cancer incidence in 34 Li-Fraumeni families, in 19 of these families a 
germline TP53 mutations were found. Families with germline missense mutations in the core 
DNA binding domain were characterised by a higher cancer incidence and earlier age at 
diagnosis, especially of breast cancer and brain tumours, compared with families carrying protein 
truncating or other inactivating mutations.  
Olivier et al. [42] collected 265 LFS/LFL families, 223 of these families carried a TP53 germline 
mutation. In the mutation carriers, brain tumours were associated with missense TP53 mutations 
located in the DNA binding loop that contact the minor groove of DNA (codons 164 to 194 and 
237 to 250). Adrenal gland carcinomas were associated with missense mutations located in the 
non DNA binding domain. Differences in age at onset were seen for breast cancer and brain 
tumours. For breast cancer significant difference was seen between missense mutations in the 
DNA binding domain and missense mutations outside of the DNA binding domain. The mean 
age of tumour onset was 32 years and 42 years, respectively. For brain tumours a significant 
difference was seen between null and non-null mutations (mean age of tumour onset 9 years and 
25.5 years, respectively). 
Bougeard et al. [11] collected 82 TP53 positive families and found a 9 year earlier tumour onset in 
patients harbouring TP53 missense mutations as compared to other types of alterations.  
In conclusion, the most consistent genotype-phenotype correlation is found for carriers of 
missense mutations in the TP53 gene showing an earlier age of onset of tumours and a higher 
cancer incidence compared to other types of mutations. For brain tumours an earlier age of onset 
was seen for null mutations compared to non-null mutations. Also the position of the mutation 
can be relevant, missense mutations in the non DNA binding domain were associated with the 
development of ACC. Missense mutations in the DNA binding domain showed an earlier age of 
onset for breast cancer than missense mutations outside the DNA binding domain. 
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1.3.5 Polymorphisms in the TP53 gene. 
An identified TP53 germline mutation can be classified as a pathogenic mutation or a variant of 
unknown significance. Although polymorphisms are expected to be phenotypically silent,  some 
studies investigated TP53 variants that might affect cancer risk, as discussed below. 
The 13964G>C mutation in intron 6 of the TP53 gene was defined as a polymorphism of unclear 
significance by Buller et al. [43]. In a series of individuals with breast cancer, the 13964G>C 
mutation was identified in three of 42 breast cancer patients with a strong family history of breast 
cancer, making it yet another possible low-penetrance mutation [44]. 
 Whibley et al. [45] provide an overview of TP53 polymorphisms in 2009. 90% of the 
polymorphisms in TP53 occur in the non-coding sequences. Only one intronic polymorphism, a 
16 bp insertion in intron 3, has been associated with an increase in the risk of ovarian cancer [46] 
breast cancer [47], lung cancer [48] and colorectal cancer [49]. However, the close proximity of 
this polymorphism to the well known codon 72 polymorphism in exon 4, which will be discussed 
later, might partly explain the proposed association of this allele with cancer. 19 exonic 
polymorphisms have been reported, 8 are synonymous polymorphisms (without amino-acid 
change), 11 are non-synonymous (with amino-acid change). R72P is a frequently found non-
synonymous TP53 polymorphism that is worth discussing, specifically because many studies have 
looked at its effect. Codon 72 has either the CCC sequence, which is the ancestral form and 
encodes proline (p53-P72), or CGC, which encodes arginine (p53-R72). Several meta-analyses 
have been published of breast [50], gastric [51] and lung cancer [52], and these do not support a 
role for this polymorphism in the risk of developing these cancers.  A meta-analysis of studies 
investigating the R72P polymorphism in cervical cancer reported some evidence of association. 
Women who carried two copies of arginine were at increased risk compared to those carrying 
one copy [53]. However, there was no difference in the risk between women who carry two 
arginine (Arg) alleles and those who carry two proline (Pro) alleles.  
The effect of the codon 72 variant in conjunction with deleterious mutations in the p53 DNA 
binding domain has been investigated by Bougeard et al.[23] in 61 French carriers of the TP53 
germline mutation. The mean age of tumour onset in Arg allele carriers (21.8 years) was different 
from that of Pro/Pro patients (34.4 years, p<0.05). They even observed a cumulative effect of 
The TP53 codon 72 and MDM2 SNP309 (described in chapter 1.5) polymorphisms because the 
mean ages of tumour onset in carriers of the MDM2G and p53Arg alleles (16.9 years) and those 
with the MDM2T/T and p53Pro/Pro genotypes (43 years) were clearly different (p<0.02). 
In conclusion, it is difficult to differentiate between pathogenic germline mutations, mutations of 
unknown significance and polymorphisms and even known polymorphisms might have cancer-
related phenotypical manifestations. 
 

1.3.6 Somatic TP53 mutation spectrum 
The TP53 gene is the most frequently mutated gene in various tumour types, mutated in up to 
50% of tumours. As seen with germline TP53 mutations, somatic TP53 mutations are most 
frequently missense mutations as well (Figure 8, IARC Mutation Database, R13 release, 
November 2008, [35]). The codon distribution is shown in Figure 9 (IARC Mutation Database, 
R13 release, November 2008, [35]).  
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Figure 8. Somatic TP53 mutations – mutation type (n = 24785)  
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Figure 9 Somatic TP53 mutations – codon distribution 
 

 

Somatic TP53 mutations are most prevalent in cancer of the ovary, colorectum, esophagus and 
head & neck (Figure 10, IARC Mutation Database, R13 release, November 2008, [35]). In the 
typical LFS tumours, somatic TP53 mutations are prevalent in 13.2 to 26.7%. 
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Figure 10 Prevalence of somatic TP53 mutations by tumour site 
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1.4 TP53 germline mutations in “sporadic” cancer patients. 
In addition to LFS/LFL families, TP53 germline mutation analysis could also be considered in 
patients with a LFS-related tumour without a striking family history. The proportion of 
“sporadic” typical LFS-tumour patients or patients with multiple tumours who carry a TP53 
germline mutation described in the literature is summarised in table 2. 
 
Table 2. LFS-related tumours and germline TP53 mutations 

Ref=reference, Unselected=patients not selected for family history, FH=family history, Pos=positive, LFL=Li-
Fraumeni-like syndrome, LFS= Li-Fraumeni syndrome, CPC=choroid plexus carcinoma, B=breast cancer, 
RMS=rhabdomyosarcoma, STS=soft tissue sarcoma, fam leukaemia=familial leukaemia, ALL=acute lymphoblastic 
leukaemia, yr=years, LFS=fulfilled the LFS criteria 

Number of patients 
investigated 

 
 
Tumour type Unse-

lected 
No 
FH 

Pos 
FH 

 
 
TP53-positive (%) 

 
 
Additional information 

 
 
Ref 

6   3/6 (50%) ACC <18 yr, no LFS  [54] 
11   9/11 (82%) exons 2-11 analysed,  

ACC <15 yr, no LFL/ LFS  
[40] 

36   35/36 (97.2%) exons 2-11 analysed, 
ACC <14 yr, no LFS/LFL 

[37] 

Adrenocor-
tical 
carcinoma 
(ACC) 

21   14/21 (67%) exons 2-11 analysed, 15/21<18 yr, 
2/14 mutation carriers LFS   

[34] 

47   1/47 (2%) 
Pediatric brain tumours 

exons 4-8 analysed [55] 

80   1/80 (1.3%) gliomas exons 5-8 analysed [56] 
  15 3/15 (20%) gliomas exons 5-8 analysed, 0/3 mutation 

carriers LFS 
[56] 

38   2/38 (5.3%) 
Astrocytoma 
(22 adult, 16 childhood) 

exons 5-8 analysed, (2/22 adults 
carried a TP53 mutation, 9%) 

[57] 

  44 6/44 (13.6%) 
astrocytoma 

2/6 mutation carriers LFS [58] 

Brain tumour 

8   8/8 (100%) 
CPC 

exons 2-11 analysed, 1/8 mutation 
carriers  LFS  

[34] 

167 40  30 1/167 (0.6%) unselected  
1/40 (2.5%) B<35 yr 

Both mutation carriers had family 
history suggestive of LFS 

[59] 

136   1/136 (0.7%) exons 5-9 analysed [60] 
126   1/126 (0.8%) 

B<40 yr 
exons 5-8 analysed [61] 

Breast cancer 

 61 22 4/83 (4.8%) 
2/61 no FH (3.3%) 
2/22 pos FH (9.1%) 

Breast cancer <30 years  
4 mutations: 1 LFS, 1 LFL, 1 de 
novo, 1 mother bladder cancer 

[62] 

235   7/235 (3%) 
osteosarcoma 

exons 5-8 analysed, in some patients 
also exon 2 and 9  
1/7 mutation carriers  LFS 

[63]  

 33  3/33 (9%) RMS 
 

Exons 2-11 analysed, all mutation 
carriers <3 yr 

[64] 

Childhood 
sarcoma 

107   7/107 (6.6%) 
STS 

exons 2-11 analysed, 6/7 mutation 
carriers LFS 

[65] 

  10 0/10 (0%) 
fam leukemia  

Exons 4-8 analysed [66] Leukaemia 

25   1/25 (4%) paediatric 
ALL 

Exons 4-8 analysed 
Mutation carrier LFS 

[67] 

59   4/59 (6.8%)  
two primaries 

59 children/young adults 
no Li-Fraumeni families 

[68] Multiple 
primary 
tumours 5   1/5 (20%)  

triple primaries 
Mutation carrierLFS [69] 
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In summary, the largest proportion of TP53 germline mutations is found in patients with adrenal 
cortical carcinoma. For brain tumours, the strongest association is with familial gliomas, although 
only a small cohort was tested, and choroid plexus carcinoma (CPC). Krutilkova et al. [70] and 
Gonzalez et al. [34] detected 13 new families with childhood CPC and TP53 germline mutations, 
strengthening the association of choroids plexus carcinoma with LFS or with TP53 germline 
mutations as mentioned by Garber et al. in 1990 [71]. Two of the patients in the cohort of 
Gonzalez et al. [34] carried proven de novo mutations. Although no large group of unselected 
CPC patients has been tested for TP53 germline mutations, CPC seems to be associated to TP53 
germline mutations.  
Only two small cohorts of multiple primary cancers patients have been tested for TP53 germline 
mutations. Many studies have addressed the percentage of TP53 germline mutation carriers that 
develop more than one primary tumour. Hisada et al. (Hisada, 1998) investigated cancer 
development after the first primary tumour in 24 LFS kindreds, of which 8 carried a TP53 
germline mutation. Thirty of 200 family members with cancer developed multiple primary 
cancers (15%). Studying 107 children with soft tissue sarcoma (STS) 7 were found to carry a 
TP53 germline mutation [72]. In these 7 families, 63 mutation carriers were detected, of which 17 
developed multiple primary neoplasms (17/63, 27%). Gonzalez et al. [34] found 91 TP53 
mutations carriers of 525 patients tested. Of these mutation carriers, 50% had more than one 
primary cancer. 
In conclusion, the largest proportion of TP53 germline mutations in “sporadic” patients is found 
in adrenal cortical carcinoma (50-97%), also CPC seems to be associated to TP53 germline 
mutations. 15-50% of TP53 mutation carriers develop multiple primary tumours. 
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1.5 Are other genes involved in LFS? 
In general, in 75% of classical LFS families, 40% of LFL-Birch, and 20%-30% of LFL-Chompret 
families a TP53 germline mutation is identified, comparable to 73%, 28% and 21% respectively, 
in the Netherlands (see chapter 2). Since not all families suspected for LFS carry a TP53 germline 
mutation, other LFS candidate genes have been considered as summarised in table 3.  
Most candidate genes tested did not show any mutations.  
 
Table 3. Other genes and LFS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
LFS-variant=families suggestive of LFS, not fulfilling the LFS/LFL criteria, LFS=Li-Fraumeni syndrome, LFL=Li-
Fraumeni-like syndrome 
 
In 1999 the CHEK2 gene was proposed to be an alternative LFS gene [77]. Subsequent studies 
and this thesis collected increasing evidence that germline mutations in CHEK2 might not cause 
LFS [84, 87], although the CHEK2 gene might be a factor contributing to individual tumour 
development in families that are subsequently recognised as having a Li-Fraumeni phenotype 
(chapter 3). In 2002 the specific CHEK2 1100delC mutation was found to be a low penetrance 
breast cancer susceptibility allele with a relative risk of 2 for women and 10 for men to develop 
breast cancer [88].  
Bond et al. [22] showed that a single nucleotide polymorphism in the MDM2 gene influenced the 
age of tumour onset in TP53 mutation carriers, which was confirmed by Bougeard et al. [23] and 
this thesis.  
Linkage was identified to a region of approximately 4 cM on chromosome 1q23 in four LFS 
families [86], while no linkage was identified to the 17p13.1 region containing the TP53 gene in 
these families. So far, the gene and its mutations have not been identified and characterised.  
In conclusion, no alternative LFS gene has been identified until now. 
 

Number of patients  
 
Gene 

LFS-
variant 

LFS LFL 

 
 
mutation-positive (%) 

 
 
Reference 

BAX  37 36 0 [73] 

Bcl10  7 20 0 [74] 

  
6 

 
10 

 
0 

 
[75] 

14  4 40 0 [76]  

CDKN2: 
p16 
 
p19ARF  6 10 0 [75]  

18  4 0 [77] CHEK1 
32 1 6 0 [78] 

PTEN  6 10 0 [75] 
  10 16 0 [79] 
TP63 5  1 0 [80] 
CHEK2 67 25 71 9/163 (5.5%) 

Mainly 1100delC, 
leading to breast cancer 
risk ↑ (see chapter 3) 

[77, 78, 80-85] 

MDM2    SNP309, leading to 
earlier age of onset in 
TP53 mutation carriers 
(see chapter 4) 

[22, 23] 

Locus 1q23  4  Linkage 1q23 [86] 
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1.6 Cancer risks in LFS/LFL family members  
Many researches evaluated cancer risks in Li-Fraumeni syndrome families.  
By the follow up of 24 LFS kindreds, the relative risk of cancer was calculated for different age 
groups [89], TP53 mutation analysis was not performed in these families yet. At ages 0-19 years 
relative cancer risk was 21.1, 6,2 in the 20-44 year age group and 2.4 for the 45-59 age group. No 
excess cancer occurrence was seen above 60 years of age [89]. 
LFS/LFL families are rare and family members usually develop tumours at a young age. Cancer 
risk for LFS family members was estimated at 50% by age 40 and 90% by age 60 by Lustbader et 
al.[90]. This was based on data of 12 families, of which only two families had confirmed TP53 
germline mutations. LeBihan et al. [91] estimated age-specific cancer risks, based on five families. 
Risks were 42% between age 0 and 16 years, 38% between 17 and 45 years and 63% after age 45 
years, life time risk was estimated to be 85%.  
In 2000 cancer risks were estimated based on 13 TP53 positive families, collected through 
probands with childhood cancer [33]. A program based on a survival analysis approach was used 
in which the event considered was age at onset of cancer. By age 16, 45 and 85 years the cancer 
risks for TP53 mutation carriers were 12%, 84% and 100% respectively for females and 19%, 
41% and 73% respectively for men. This sex difference was almost entirely explained by breast 
cancer occurrence, which represents 80% of all cancers in the age-class 16-45 years. 
By screening 107 probands with childhood STS, 7 TP53 positive families were diagnosed [72], 
including 63 mutation carriers. Again a sex difference was found in cancer risk: the cumulative 
risks for the development of cancer were 18%, 49%, 77% and 93% for female carriers by ages 20, 
30, 40 and 50 years respectively. For male carriers the cumulative risks were 10%, 21%, 33% and 
68%. In contrast to the explanation above, this female-male difference remained when the sex 
related tumours, breast-, ovarian- and prostate cancer, were excluded.   
The presence of the SNP309 G polymorphism in the MDM2 gene is associated with a 
significantly earlier age of cancer onset in TP53 mutation carriers of 7 to 10 years, which we 
confirmed in our dataset [22, 23]. 
In conclusion, a life time cancer risk of 68%-100% is found for TP53 mutation carriers. The 
cancer risk for women seems to be higher then for men, which might not be explained all 
together by sex related tumours. In addition, a polymorphism in the MDM2 gene is related with 
an earlier age of tumour onset in TP53 mutation carriers. 
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1.7 TP53 and radiation 
In chapter 1.2 we mentioned the role of the TP53 protein in the response to DNA damage 
induced by radiation. Before the functions of TP53 were clarified, clinical studies in LFS families 
had shown that second primary tumours in LFS patients frequently occurred in sites previously 
exposed to radiotherapy.  

Mouse models 
Mice lacking p53 (p53 -/-) are prone to spontaneous tumours within 6 months [27]. 
Heterozygous TP53-deficient mice spontaneously develop tumours, mainly lymphomas and 
sarcomas [92]. When heterozygous TP53 mice are irradiated with 4 Gy, tumour development is 
accelerated as compared to the non-irradiated heterozygous TP53 mice [93].  
 
Therapeutic irradiation 
In general, therapeutic irradiation leads to an increased risk of second primary tumours in the 
radiation field [94]. For TP53 mutation carriers this has been suggested as well and this 
assumption is based on the following clinical studies:                                                            

Thirty out of 200 (15%) affected LFS family members from 24 families developed a second 
cancer [3]. Treatment records were available of 27 of these family members, which showed that 9 
patients received radiotherapy for their first cancer; 6 of these 9 patients developed a tumour in 
the radiation field 3-22 years after treatment.  

In a second study, 3 out of 14 children with LFS-associated adrenal cortical tumours developed a 
second cancer [40]. They were the only 3 children who received radiotherapy and survived >2 
years. The second primary tumours all developed within the radiation field. 
A TP53 mutation carrier was reported who developed 17 primary tumours [95]. The incidence of 
new tumours rose steeply after adjuvant vaginal vault radiotherapy for endometrial cancer and 
adjuvant tamoxifen treatment for breast cancer. 
A woman from an LFL family underwent mastectomy for breast cancer at 25 years of age [96]. 
After surgery she was treated with adjuvant chemotherapy combining adriamycin, 
cyclophosphamide, and 5-fluorouracil followed by locoregional radiotherapy (46 Gy) and 
hormonal therapy with tamoxifen. When a tumour developed in a supraclavicular lymph node at 
29 years of age, the tumour was excised and the supraclavicular area was irradiated (30 Gy). The 
ovaries were also irradiated through a pelvic field (20 Gy) for ovariolysis. Subsequently, the 
patient developed a small cell lung cancer in the chest wall irradiation field and a sigmoid 
carcinoma in the pelvic irradiation field at 33 years of age, she died at 34 years of age.  
Salmon et al. [97] described a TP53 mutation carrier who developed bilateral breast cancer at 27 
years of age and three years later a sarcoma of the right clavicle and another primary breast 
cancer, both in the radiation field applied for the treatment of the first breast cancer. 
 
Diagnostic irradiation 
In general, exposure to mammographic X-rays confers a risk of radiation-induced breast cancer, 
which is greater the younger the women were when exposed [98]. Berrington de Gonzales et al. 
[99] investigated mammographic screening before age 50 years in the UK and suggested that a 
decade of annual mammographic screening before age 40 years would result in a net increase in 
breast cancer deaths of 0.37-0.86 breast cancer deaths per 1000 women screened. Ronckers et al. 
[100] studied women monitored in the past by radiography at young ages for scoliosis. Based on 
78 cases of invasive breast cancer out of 3010 exposed women the authors found that the 
subjects who had >60 X-rays had been exposed to a 3-fold risk of breast cancer compared with 
subjects who had <10 X-rays. 
The possible effect of low doses of ionizing radiation (<0.1Gy) on the risk of breast cancer 
among TP53 mutation carriers has not been evaluated so far. Both TP53 and BRCA1/2 are 
involved in DNA repair after DNA damage through ionizing radiation so similar effects can be 
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anticipated. In addition, BRCA1 associates with p53 and stimulates its transcriptional activation. 
Because studies usually combine BRCA1 and BRCA2, we will discuss the effect of low doses of 
ionizing radiation among BRCA1/2 mutation carriers.  
In 2006 Andrieu et al. [101] suggested a potentially important association between radiation 
exposure from chest X-rays and breast cancer risk in BRCA1/2 carriers. The hazard ratio was 
mostly elevated in the group exposed before 20 years and the group exposed to at least 5 X-rays 
(HR 1.76 and 1.92 respectively). In contrast, Goldfrank et al.[102] did not find a significant 
association between cancer status and mammography exposure in 213 BRCA mutation carriers, 
Narod et al.[103] compared 1600 cases of breast cancer and 1600 controls, all BRCA mutation 
carriers, and found no association between ever having screening mammography and risk of 
breast cancer. Gronwald et al.[104] concluded that women with a BRCA1 mutation may be more 
sensitive than non-carriers to the effect of ionizing radiation because 138 BRCA1 mutation 
carriers with breast cancer reported more frequent chest X-ray exposure before the age of 30 
years compared to 158 non-BRCA1 carriers with breast cancer.  Berrington de Gonzales et al. 
[105] estimated the risk of radiation-induced breast cancer from mammographic screening for 
young BRCA mutation carriers. They concluded that the reduction in breast cancer mortality 
from screening among women with BRCA mutations is not substantially greater than the risk of 
radiation-induced breast cancer mortality when screening before age 34 years. 
 
Conclusion  
Several authors reported that TP53 mutation carriers developed second primary tumours in the 
radiation field applied for the treatment of the first primary tumour. In heterozygous TP53 mice, 
tumour development accelerated after irradiation with 4 Gy. No mouse model, however, has 
dealt with radiation doses comparable to chest X rays (about 0.5 mGy) used for screening.  
A systemic evaluation of radiation-related breast cancer or other LFS tumour types has not yet 
been possible due to lack of cases[106]. The literature on TP53 and radiation is all based on 
relatively high doses of radiation. In BRCA mutation carriers an association between radiation 
exposure from chest X-rays and mammography and breast cancer was seen, especially in young 
patients and multiple exposures [101, 104, 105], which might be applicable for TP53 germline 
mutation carriers. In contrast, two case-control studies of BRCA1 and BRCA2 mutation carriers 
showed no hazardous effect of mammography [102, 103]. 
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1.8 Management of TP53 mutation carriers 
Management of patients with germline TP53 mutations is still a difficult issue. Surveillance is 
complicated by the different sites and types of cancer associated with LFS and the variable age of 
onset. In addition, early detection and treatment is not available for all tumour types. 
In 2003 Varley et al. [8] reported that there are no national UK guidelines for TP53 germline 
mutation testing. There are no widely accepted procedures for surveillance of high-risk 
individuals in LFS families or those with verified germline TP53 mutations. They recommended 
annual clinical review and access to informed clinicians. MRI can be offered to women at risk of 
developing breast cancer, and abdominal ultrasound can be performed in childhood. There is a 
strong indication that radiotherapy should be avoided if possible [8]. 
In 2006 Moule et al. [107] discuss the implications for management when a TP53 germline 
mutation is detected. Because of the theoretical risk of inducing malignancy in TP53 mutation 
carriers by exposure to radiation during mammography, the use of magnetic resonance imaging 
(MRI) should be considered. Additionally, tumours in TP53 mutation carriers that lack functional 
p53 might demonstrate resistance to DNA damaging agents, chemotherapy and radiotherapy, 
used for treatment [108, 109]. Moreover, TP53 mutation carriers are at a higher risk for 
developing treatment induced second cancers. It was recommended that radiotherapy as a 
treatment modality should be avoided if there are other feasible treatment modalities. For 
example, breast cancer with onset before 30 years of age would be an indication for urgent 
germline TP53 diagnostic testing since if a germline mutation is found, mastectomy rather than 
conservative surgery combined with radiotherapy would be preferred. 
Bougeard et al. [11] updated the Chompret criteria in 2008, because identification of a germline 
TP53 mutation in a patient will allow to confirm the diagnosis of LFS, to ensure a regular clinical 
review by an informed clinician in order to avoid a delay in the diagnosis of a second tumour, to 
offer to women breast imaging screening program, to avoid radiation, whenever possible and 
finally to offer prenatal diagnosis to the families.  
Overall screening benefit for LFS individuals has not been evaluated, partly because there is 
currently no international agreement on optimal surveillance strategies and the number of 
individuals is low. 
In conclusion, most authors recommend performing TP53 germline mutation analysis in LFS/ 
LFL families or families that fulfil the Chompret criteria which include childhood adrenal cortical 
cancer and choroid plexus tumour and multiple primary cancers. For surveillance, breast cancer 
screening is recommended, whether mammography should be avoided is still unclear. An annual 
clinical review and abdominal ultrasound during childhood is mentioned. Surveillance can be 
recommended according to family phenotype (chapter 5.1). For treatment, radiotherapy should 
be avoided whenever possible.  
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1.9 Aims and outline of this thesis 
The main objective of this thesis was to evaluate Li-Fraumeni syndrome in the Netherlands and 
propose recommendations for TP53 mutation analysis and surveillance of TP53 mutation 
carriers. 
 
One of the aims of this thesis was to collect all families that were tested for TP53 germline 
mutations in the Netherlands to evaluate the families to whom TP53 germline mutation analysis 
was offered and the families in which a TP53 germline mutation was identified. On the basis of 
these results recommendations forTP53 mutation analysis are proposed.  
Chapter 2 gives an overview of all families suspected to harbour a germline TP53 mutation in the 
Netherlands and the mutation detection rate in these kindreds. The different tumour types with 
their associated elevated risks are described.  

 

Since the mutation detection rate is not 100%, the second aim of this thesis was to look for 
possible candidate genes for Li-Fraumeni syndrome without a detectable TP53 mutation. In 
Chapter 3 we describe the CHEK2 gene as possible candidate gene for Li-Fraumeni syndrome 
and results of screening for CHEK2 germline mutations in our TP53-negative families.  

 

TP53 mutation families show a variation in clinical expression. A possible explanation is the 
involvement of modifier genes. Because it was recently shown that a single nucleotide 
polymorphism in the MDM2 gene, SNP309 (T>G variation), was associated with accelerated 
tumour formation in LFS patients who carry a TP53 germline mutation, we evaluated this finding 
in our patient population (Chapter 4). To enlarge our study population, 11 Finnish TP53 
mutation carriers were also included. Additionally, we investigated whether the SNP309 G allele 
plays a role in the Dutch TP53-negative LFS and LFS-suspected patients.  
 
Chapter 5 addresses the difficulties in counselling TP53 mutation families. In this context a family 
with relatively late-onset common cancers and a classical LFS family with two TP53 germline 
mutations are described.  

 

The collected information led to a guideline for genetic counselling in Li-Fraumeni syndrome 
families including recommendations for TP53 germline mutation testing and considerations for 
surveillance and treatment (Addendum). 
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Abstract 
Li-Fraumeni syndrome (LFS) is a rare autosomal dominant cancer predisposition syndrome. 
Most families fulfilling the classical diagnostic criteria harbour TP53 germline mutations. 
However, TP53 germline mutations may also occur in less obvious phenotypes. As a result, 
different criteria are in use to decide which patients qualify for TP53 mutation analysis, including 
the LFS, Li-Fraumeni-like (LFL) and Chompret criteria. We investigated which criteria for TP53 
mutation analysis resulted in the highest mutation detection rate and sensitivity in Dutch families. 
We describe the tumour spectrum in TP53-positive families and calculated tumour type-specific 
relative risks.  
A total of 180 Dutch families referred for TP53 mutation analysis were evaluated. Tumour 
phenotypes were verified by pathology reports or clinical records.   
A TP53 germline mutation was identified in 24 families. When the Chompret criteria were used 
22/24 mutations were detected (sensitivity 92%, mutation detection rate 21%). In LFS and LFL 
families 18/24 mutations were found (sensitivity 75%). The two mutations detected outside the 
‘Chompret group’ were found in a child with rhabdomyosarcoma and a young woman with 
breast cancer. In the mutation carriers, in addition to the classical LFS tumour types, also colon 
and pancreatic cancer were found significantly more often than in the general population.  
We suggest TP53 mutation testing for all families fulfilling the Chompret criteria. In addition, 
TP53 mutation testing can be considered in the event of childhood sarcoma and breast cancer 
before 30 years. In addition to the risk for established LFS tumour types, TP53-positive 
individuals may also have an elevated risk for pancreatic and colon cancer. 
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Introduction 

In 1969 Li and Fraumeni described a novel autosomal dominant cancer syndrome with a 
predisposition to bone and soft tissue sarcoma, breast cancer, brain tumour, adrenal cortical 
carcinoma and leukaemia [1]. LFS patients are at increased risk for multiple primary tumours [3]. 
Clinical criteria for classical Li-Fraumeni syndrome (LFS) [6] and  Li-Fraumeni-like syndrome 
(LFL) have been established [7] whereby at least three family members were affected (see Table 
1). Different LFL criteria were formulated by Eeles [110] who defined only two family members 
as being affected. In 1990 DNA analysis for LFS became available when germline mutations in 
the TP53 gene were found in LFS kindreds [4]. All germline mutations that have been detected 
and published are collected in the IARC mutation database [35]. Currently 423 mutations have 
been described in 419 families (http://www-p53.iarc.fr/). In a study by Varley et al. TP53 
germline mutations were seen in approximately 75% of LFS and 40% of LFL families [8]. 
Because TP53 germline mutations were also identified in families not fulfilling the LFS/LFL 
criteria due to their alternative tumour spectrum, age at diagnosis or sporadic occurrence of 
cancer, Chompret proposed different criteria for TP53 germline mutation testing [9], which were 
updated in 2009 [10] (see Table 1). A TP53 germline mutation was found in 29% and 35% of 
French and American families respectively who fulfilled the 2001 Chompret criteria [34, 111]. 
Table 1 summarizes the different criteria used to categorize families suspected of LFS. The 
classical LFS criteria [6], the LFL criteria according to Birch [7] and the revised Chompret criteria 
by Tinat et al. [10] are used for this article. 

In TP53 mutation carriers the tumour spectrum is wider than the classical tumour types 
used to recognize LFS (or LFL) defined in 1988 as breast cancer, sarcoma, brain tumour, adrenal 
cortical cancer and leukaemia [6]. Roughly, 20%-30% of the tumours in TP53 mutation-positive 
families do not belong to the classical LFS tumour spectrum [5, 112, 113].  
Besides the classical tumour spectrum, Birch et al. [5] found Wilms’ tumour and phyllodes  
tumours to be strongly associated, pancreatic cancer moderately associated and neuroblastoma 
weakly associated  in TP53 mutation carriers.  

In this study we evaluated the clinical spectrum of families undergoing TP53 mutation 
analysis in the Netherlands, in order to help improve the guidelines specifying when TP53 
mutation analysis should be performed. We chose a probability of more than 10% to detect a 
germline mutation in order to be eligible for DNA analysis. We also examined specific tumour 
type relative cancer risks in the TP53 mutation families. In addition, cancer risks for TP53-
positive and TP53-negative LFL families were compared to identify tumour types, apart from the 
typical LFS tumours, that are more specifically associated with a TP53 mutation.  
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Table 1. Criteria used for TP53 germline mutation testing 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

- a proband with sarcoma diagnosed under the age of 45 years 
AND 
- a first-degree relative with any cancer under 45 years 
AND 

Classical LFS  
criteria  
Li et al. [3] 

- another first- or second-degree relative with either cancer under 45 years or a sarcoma 
at any age          
- a proband with any childhood cancer or sarcoma, brain tumour or adrenal cortical 
tumour under the age of 45 years 
AND 
- a first- or second degree relative with a typical LFS cancer at any age 
AND 

LFL criteria 
Birch et al. [4] 

- a first- or second degree relative in the same lineage with any cancer under 60 years    
LFL criteria 
Eeles et al. [5] 
 

- two different tumours that are part of extended LFS in first- or second degree 
relatives at any age (sarcoma, breast cancer, brain tumour, leukaemia, adrenal cortical 
tumour, melanoma, prostate cancer and pancreatic cancer) 
- a proband affected by a narrow spectrum cancer (sarcomas, brain tumours, breast 
cancer and adrenal cortical carcinoma) before 36 years 
and at least one first or second degree relative affected by a narrow spectrum tumour 
(other then breast cancer if the proband is affected by breast cancer) before 46 years or 
multiple primary tumours 
OR 
- a proband with multiple primary tumours two of which belong to the narrow 
spectrum and the first of which occurred before 36 years 
OR 

LFS Chompret criteria  
Chompret et al. [9] 

- a proband with adrenal cortical carcinoma whatever the age of onset and family 
history 

- a proband with a tumour belonging to the LFS tumour spectrum (soft tissue sarcoma, 
osteosarcoma, brain tumours, pre-menopausal breast cancer, adrenal cortical 
carcinoma, leukaemia, lung bronchoalveolar cancer) before 46 years 
and at least one first or second degree relative with an LFS tumour (except breast 
cancer if the proband is affected by breast cancer) before 56 years or multiple primary 
tumours 
OR 
- a proband with multiple primary tumours (except multiple breast tumours), two of 
which belong to the LFS tumour spectrum and the first of which occurred before 46 
years 
OR 

LFS Chompret criteria 
revised  
Tinat et al. [10]  

- a proband with adrenal cortical carcinoma or choroid plexus tumour, irrespective of 
the family history 
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Patients and methods 
Patients 
In the Netherlands, TP53 mutation analysis was introduced in a clinical setting in 1995. The 
clinical use of TP53 mutation testing, including exon sequencing and genomic analysis, is started 
after indication according to the LFS and LFL criteria and was influenced by the limited 
preventive strategies. In 2005 the second version of the Dutch national guidelines recommended 
TP53 mutation testing for LFS, LFL, patients with multiple LFS-associated tumours and children 
with adrenal cortical carcinoma. In addition, TP53 analysis should be considered for breast cancer 
under 30 years of age [114]. From 1995 till 2008, Dutch clinicians referred 180 families for 
counselling and TP53 germline mutation testing predominantly because of the occurrence of 
cancer types possibly related to LFS. The families were classified into 4 groups: 1) families 
fulfilling the revised Chompret criteria [10], 2) classic LFS [6] (excluding the revised Chompret 
criteria), 3) LFL according to Birch [7] (excluding the revised Chompret criteria and LFS) and  4) 
other families considered to be suggestive of a germline TP53 defect (LFS-suspected: two or 
more primary tumours at any age, two first degree relatives with a tumour at any age, of which at 
least one tumour is a typical LFS tumours (sarcoma, brain tumour, breast cancer, leukaemia and 
adrenal cortical cancer), early onset (before 21 years of age) sarcoma or brain tumours and breast 
cancer before 35 years of age (without detectable BRCA1 or BRCA2 mutation) (Table 2a). In 
addition, in Table 2b the total number of families fulfilling the LFS or LFL criteria regardless of 
Chompret criteria are summarized. 

The sensitivity and specificity were calculated for the revised Chompret, LFS and LFL 
criteria. The sensitivity was calculated as the number of TP53-positive families meeting a 
classification divided by the total number of TP53-positive families. The specificity was calculated 
as the number of TP53-negative families not meeting the specific classification divided by the 
total number of TP53-negative families.  

Family members of proven TP53 mutation carriers were counselled and offered TP53 
mutation testing.  
Molecular analysis 
DNA analysis was performed in two laboratories, in Amsterdam (161 families) and Groningen 
(19 families). DNA was isolated from peripheral blood lymphocytes according to standard 
procedures. In Amsterdam mutation analysis of the TP53 gene in the index patient, affected by 
cancer, was performed by sequence analysis of all coding exons (2-11) and the flanking intron-
exon boundaries of these exons using standard procedures and multiplex ligation-dependent 
probe amplification (MLPA) to screen for large TP53 deletions or duplications (TP53 MLPA 
KIT P056 produced by MRC-Holland) [115]. In Groningen the TP53 gene was analysed by 
denaturing gradient gel electrophoresis (DGGE) [116]. All possible candidate variants, identified 
as aberrant DGGE fragments, were confirmed with sequence analysis. Details on primers and 
PCR conditions are available upon request. To assess the possibly pathogenic status of a 
mutation the frequency of each identified TP53 germline mutations was determined in a control 
group of 150 anonymous blood donors, using denaturing gradient gel electrophoresis (DGGE). 
All possible candidate aberrant fragments were confirmed with sequence analysis. 
Cancer risk 
To estimate the relative cancer risk in the TP53 positive families a study cohort of tested and 
untested family members was selected with at least a 50% prior probability of being a carrier.  
Pedigrees of all LFS-counselled families were available through the clinical genetic centres, 
including age at cancer diagnosis and tumour types. From the pedigrees of the TP53 positive 
families, all mutation carriers and their first-degree relatives were included. In the TP53 negative 
LFL (non LFS) families, patients who were tested for TP53 germline mutations and their first-
degree relatives were included. Subsequently, the obligate carriers (father or mother) with their 
siblings were selected from the pedigree and included. We chose not to adjust for ascertainment 
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bias because of the multiple case definitions of LFS and LFL. We present the results for the 
typical LFS tumours separately from the other tumours. 

All cancers were coded according to the International Classification of Disease, revision 
9. We attempted to confirm all cancer diagnoses by collecting clinical records and pathology 
reports. Follow-up started on 1 January 1960 (because reference data were available from that 
time onwards) or date of birth, whichever occurred later, and ended at the date of first cancer 
diagnosis, date of death or the date of last contact. 

Since 36% of the birth dates were missing, we introduced unknown birth dates based on 
the known birth dates in each generation of the family and the pedigree structure. The dates of 
death were used for missing dates of diagnosis for individuals who died from cancer at a known 
site. In addition, when the dates of diagnosis of affected individuals who did not die from cancer 
were missing, site-specific mean ages at diagnosis of cancer in the general population were used, 
based on data of the Comprehensive Cancer Centre Amsterdam and the Netherlands Cancer 
Registries. Cancer risk for all TP53 positive and TP53 negative LFL (non LFS) family members 
was assessed with the standardized incidence ratio relative to the risk in the general population 
(relative risk; RR), which is the ratio of observed to expected cases in the cohort. The expected 
number of cases was calculated by multiplying person years at risk by the age, sex, calendar 
period, and site-specific cancer incidence rates in the general population, with the use of a 
computer program developed at the Netherlands Cancer Institute [117]. Incidence rates were 
obtained from the Eindhoven Cancer Registry up to 1990 and from the Netherlands Cancer 
Registry from 1990 onwards. 

The comparison of RRs for TP53-negative and TP53-positive families was performed 
within the LFL group (excluding LFS families). 
 
Results 

Among the 180 patients analysed for TP53 mutations, 24 TP53-positive families were 
diagnosed (detection rate 13%). One of the 24 mutations was a large TP53 rearrangement, a 
deletion of exons 2-11. None of the identified TP53 germline mutations was identified in a 
control group of 150 anonymous blood donors. The 180 families were subdivided into 4 groups 
as described in ‘Patients and Methods’. In these subgroups, 22 out of 105 (21%) families fulfilling 
the revised Chompret criteria carried a TP53 germline mutation (Table 2a), 8 out of 11 (73%) 
classical LFS families carried a TP53 germline mutation (Table 2b), 10 out of 36 (28%) LFL 
families (Table 2b) and 2 out of 70 (2.9%) in the remaining LFS-suspected group (Table 2a). The 
two mutations in the non- revised Chompret/LFS/LFL group occured in a child with 
rhabdomyosarcoma at 4 years of age and a woman with breast cancer at 24 years of age.  

The overlap in families fulfilling the revised Chompret, LFS and LFL criteria is shown in 
Figure 1. No mutation was found in the 5 families that fulfilled the LFS or LFL criteria but did 
not fulfil the revised Chompret criteria (Table 2a).  The LFS family that did not fulfil the revised 
Chompret criteria showed one sarcoma, no other typical LFS tumours, the other tumours did 
develop at young ages. The LFL families that did not fulfil the Chompret criteria did have two 
typical LFS tumours, but one of the tumours did not occur before 56 years of age. On average 
3.7 individuals were tested in the TP53-positive families, revealing 2.8 individuals as mutation 
carriers; in the TP53-negative families only the index patient was tested. 

The sensitivity for the revised Chompret criteria was 92% (22/24 TP53 mutation 
families), the specificity was 47% (73/156). Eighteen out of 24 TP53 mutation families fulfilled 
the LFS or LFL criteria (sensitivity 75%). The specificity for the combined LFS/LFL criteria was 
81% (127/156). The sensitivity and specificity for the LFS criteria was 33% (8/24) and 98% 
(153/156), for the LFL criteria (excluding LFS)  42% (10/24) and 83% (130/156), respectively.  
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Table 2. 
Families classified according to familial phenotype. 
 
2a 
Number of families (n=180) presented for TP53 mutation analysis divided in 4 groups of 
different familial phenotypes (LFS-Chompret revised, LFS-Li, LFL-Birch and LFS-
suspected) including the TP53-positive results (n=24)  
 

 
LFS-Chompret revised = the 2009 revised Chompret criteria for Li-Fraumeni syndrome [10], LFS-Li = Li-
Fraumeni syndrome according to Li et al [3], LFL-Birch = Li-Fraumeni-like syndrome according to Birch [4], 
LFS-suspected = LFS suspected families that do not fulfill the revised Chompret, LFS or LFL criteria 
 
 
Table 2b. 
Families fulfilling the LFS or LFL criteria 
 
 
(Family) history  Number of 

families 
TP53-positive 
families (%) 

LFS  11 8 (73) 
LFL*  36 10 (28) 
 
LFS = Li-Fraumeni syndrome, LFL = Li-Fraumeni-like syndrome, * = excluding LFS 
 

 

Tumour spectrum and age of onset 
In 52 affected family members (out of 24 families) a germline TP53 mutation was 

identified; the mutations, tumour types and ages of onset are given in Table 3. The affected 
mutation carriers developed their first tumour at a mean age of 34.2 years (first tumour-age: range 
11 months-69 years). When one large family with relative late onset cancers [118] was excluded, 
the first tumour developed at a mean age of 28.2 years. Twenty two of the 52 mutation carriers 
developed at least two primary tumours (42.3%). The mean age of onset of all 77 tumours in 
TP53 mutation carriers was 37.4 years (all tumours-age: range 11 months-71 years). The tumour 
type most frequently detected was breast cancer (21/77 tumours; 27%), followed by soft tissue 
sarcoma (13/77; 17%) and brain tumours (12/77; 16%; 8 astrocytoma/glioblastoma, a choroid 
plexus carcinoma, a malignant plexus papilloma, a medulloblastoma and a ependyoma).  In total 

(Family) history  Number of 
families (180)  

TP53-positive 
families (%) 

LFS-Chompret revised  including 10 LFS and 32 LFL 105 22 (21) 
LFS-Li  (not fulfilling revised 
Chompret)  

 1 0  

LFL-Birch (not fulfilling 
revised Chompret) 

 4 0 

LFS-suspected   70 2 (2.9) 
 At least 2 primary tumours  30  0 

 2 first degree relatives with cancer 
(at least 1 typical LFS tumour) 

 19  0  

 early onset sarcoma or brain 
tumour (<21 years) 

 9  1 

 breast cancer before 35 years  12  1  
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31% of tumours (24/77) were not part of the typical LFS tumour spectrum (breast cancer, soft 
tissue sarcoma, osteosarcoma, brain tumours, adrenal cortical tumours and leukaemia). Most 
tumours were symptomatic and detected before the diagnosis LFS/LFL or LFS-suspected was 
made; two kidney tumours (both renal cell carcinoma) were detected through ultrasound 
screening. In the 156 TP53 negative families, the index patient was the only patient tested for 
TP53 mutations. The first tumour in these 156 index patients was diagnosed at a mean age of 
32.7 years (range 0.5 – 65 years, data not shown). In total 53/156 index patients developed at 
least two primary tumours (34%). The mean age of diagnosis of all tumours (236) was 38.2 years. 
In this group too, the most frequently seen tumour type was breast cancer (89/236, 38%), 
followed by soft tissue sarcoma (31/236, 13%) and melanoma (22/236, 9.3%); 38% of the 
tumours diagnosed in the index patients were not typical LFS tumours. 
Cancer risk in TP53-positive families 

Compared with the expected risks in the general population, the risks for colon, liver and 
pancreatic cancer were significantly increased in this TP53-positive group (RR 2.8, 18 and 7.3, 
respectively, Table 4a), in addition to those for the main LFS tumour types (RR ranging from 6.4 
for breast cancer to 107 for bone cancer, Table 4). The overall relative cancer risk was increased 
four times (RR 4, 95% CI 3.3-4.8). On average 65% were confirmed by pathology reports (Table 
4). Leukaemia was the only typical LFS cancer which showed a non-significantly elevated RR. 
Relative risks for all tumour types are shown in Table 4a. 
Comparison of TP53-positive and TP53-negative LFL (non LFS) families 

In the TP53-positive LFL families (overall cancer RR 6.4), the RRs for colon, liver and 
kidney cancer were significantly increased in addition to the RRs for the classical LFS tumour 
types (Table 4b). For the TP53-negative LFL families the risks for melanoma and lung and colon 
cancer were higher than in the general population (overall cancer RR 4.5, Table 4c). 
 
 
 
Figure 1. Venn diagram showing the overlap of families fulfilling the revised Chompret 
criteria, LFS and LFL families 
 

 
 
Number of families are given, in brackets are the mutation positive families (n=22). 
Two TP53 germline mutations are not included in the figure because they were found in patients that did not fulfil 
the criteria that are shown here. 
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Table 3. Clinical and molecular data on the 24 TP53 germline mutation families. 

Fam-nr=family number, LFL= Li-Fraumeni-like syndrome criteria according to Birch, C-revised= Chompret criteria 
revised in 2009, LFS=classical Li-Fraumeni syndrome criteria, LFS-susp=suspected for LFS but not fulfilling 
LFS/LFL/revised Chompret criteria  
ACC=adrenal cortical carcinoma, B=breast cancer, Bl=bladder cancer, Br=brain tumour, C=colorectal cancer, 
Ca=cancer unspecified, Ce=cervical cancer, ChS=chondrosarcoma, Ki=kidney cancer, La=laryngeal carcinoma, 
Leu=leukaemia, Li=liver cancer, LMS=leiomyosarcoma, LS=lymphosarcoma, Lu=lung cancer, Ly=lymphoma, 
Mel=melanoma, Mes=mesothelioma, O=ovarian cancer, Oes=oesophageal cancer, OS=osteosarcoma, 
Pa=pancreatic cancer, Pr=prostate cancer, RMS=rhabdomyosarcoma, Schw=schwannoma, Scc=squamous cell 
carcinoma, St=stomach cancer, STS=soft tissue sarcoma, Th=thyroid cancer,  -?=age of diagnosis unknown, (?)=age 
of death unknown, Intr=intron, #=not included in IARC database, *=de novo mutation. In italics= tumours of 
patients for which the date of birth or diagnosis are unknown. 

exon/ 
intron 

Base pair 
change 

Protein effect Fam-
nr 

criteria Index case-age 
(age of death) 

Family history: 
Tumour type-age (age of death) 

4 c.374C>G Thr125Arg# 1302 C-revised 
/LFL 

Br-20 (25) B-30/Br-43/Br-46 (46), Br-? (5),  
Li-? (28) 

4 
 

c.375G>A Thr125Thr 1860 C-revised 
/ LFL 

B-40 Leu-35 (36), Br-24 (24), Br-5 (5),  
B-41 (43) 

5 c.422G>A Cys141Tyr 1856 LFS-susp B-24 (24) B-37 (37) 
5 c.451C>T Pro151Ser 6569 C-revised 

/LFL 
Br-24 STS-5 (?), ACC-52 (?) 

5 
 

c.473G>A Arg158His 93 C-revised 
/LFL 

Pa-49 (50) B-34/B-50 (53), STS-36/Lu-36 (38), 
Bl-61 (61) 

5 c.473G>A Arg158His 706 C-revised 
/LFS 

LMS-44 St-41/B-43, ChS-30 (35), Br-16 (17), 
Schw-58, Scc-25 

Intr 5 
  

560-1G>A IVS5-1G>A 
 

1141 C-revised 
/LFS 

LMS-36/ La-48 
(49) 

OS-22 (23), Pa-52 (52), LS-2 (2),  
Br-41 (42), RMS-11 (12), Lu-51 (52)

6 c.637C>T Arg213stop 1308 C-revised 
/LFS 

B-27/Pa-45 (47) STS-38/Pa-41 (41), Ly-9 (10),  
Br-2 (?) 

6 
 

c.638G>A Arg213Gln 934 C-revised 
/LFL 

B-42 Ki-48/Th-52 (52), Br-? (5), Mes-55 
(55), C-26 (27), Mel-46, B-68/ C-71 
(?), O-59 (62), Br-28 (32), B-42 (47), 
St-71 (?), C-? (47), Lu-55/St-59 (?), 
B-69/Ki-71, Ki-53 

6 c.641A>G His214Arg# 108 C-revised 
/LFL 

B-35/Br-40/ 
ACC-41 (41) 

B-30/O-30 (33), Leu-36 (37),  
B-39/Lu-56 (56) 

6 c.665C>T Pro222Leu# 3838 LFS-susp RMS-4 Ca-? (68) 
7 c.695T>C Ile232Thr# 3070 C-revised 

/LFL 
RMS-54 B-37 (37), Br-? (28), Lu-? (22) 

7 c.733G>A Gly245Ser 3843 C-revised 
/LFL 

B-28 (?) B-34 (35), Li-10, Bl-40/Lu-50 (52) 

7 c.733G>A Gly245Ser 3901 C-revised 
/LFL 

Br-27/Oes-37 (37) B-28, B-34 (38), Ce-43, B-44 

7 c.742C>T Arg248Trp 1375 C-revised 
/LFS 

OS-13/B-26 B-39 (41), B-? (28) 

7 c.742C>T Arg248Trp 324 C-revised 
/LFL 

B-32/LMS-42 RMS-2/OS-18 (?), Ca-? (40) 

8 c.794T>C Leu265Pro 3075 C-revised 
/LFS 

RMS-2/OS-16 (?) RMS-2 (3), Br-7/Oes-44 (45), B-40 

8 c.818G>A Arg273His 4057 C-revised Br-0 OS-33 (39) 
8 c.916C>T Arg306stop 816 C-revised 

/LFS 
B-34/RMS-48 RMS-14 (?), RMS-? (29) 

8 c.916C>T Arg306stop 16 C-revised RMS-4/B-22 (?) father Pr-?, mother B-? 
Intr 9 
 

c.994-1 
G>T 

IVS9-1G>T# 3603 C-revised 
/LFS 

C-28/STS-37/Br-
51 

B-34/Br-36 (41), Lu-61 (61),  
Ca-? (35), Ca-? (35) 

10 c.1027G>T Glu343stop#* 5838 C-revised ACC-5  
10 c.1031T>C Leu344Pro 37 C-revised 

/LFS 
B-32/B-33/ Scc-
34 

OS-18 (20), Lu-55 (57), OS-? (40), 
OS-? (40), B-? (?), OS-? (?), Br-? (?) 

2-11 c.1-?_1182 
+?del 

Del exon 2-11 2556 C-revised ChS-13/LMS-45 
/C-48/OS-49 (?) 

B-29 (29), C-69 
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Discussion 
Should TP53 germline mutation testing only be performed in LFS or LFL families, or do 

other families or sporadic cases need to be included as well? In the Netherlands, the general 
advice in 2001 was to be cautious about offering TP53 mutation testing because present 
preventive strategies are limited [119]; in 2005 TP53 mutation testing was recommended for LFS 
families, LFL families, patients with multiple LFS-associated tumours, children with adrenal 
cortical carcinoma and possibly for those with breast cancer under 30 years of age [114].  

We tried to determine which familial phenotypes carried a TP53 germline mutation. In 
180 Dutch families, the highest proportion with TP53 mutations is found in classical LFS families 
(8/11, 73%). The revised Chompret criteria achieved the highest sensitivity (92%) with a 
mutation detection rate of 21%.  

Six TP53-positive families did not fulfil the LFS or LFL criteria (Table 2). Four of these 
six TP53-positive families did fulfil the revised Chompret criteria; of these four, two mutations 
were detected in patients with at least two typical LFS tumours, one in a child with a choroid 
plexus carcinoma and one in a child with an adrenal cortical carcinoma. In addition, for the 
TP53-positive LFS-suspected cases, the family of the child with a rhabdomyosarcoma at 4 years 
of age and the family of the patient with breast cancer at 24 years of age did not fulfil the revised 
Chompret criteria. However, five years after detecting the TP53 germline mutation in the patient 
who developed breast cancer at 24 years of age, the mother of the patient developed a sarcoma at 
61 years of age and turned out to be a carrier of the TP53 germline mutation as well.  

Many authors have investigated the prevalence of TP53 germline mutations in patients 
with typical LFS tumours without a striking family history. Patients with sporadic childhood soft 
tissue sarcomata (STS) carry a TP53 germline mutation in 6.6-9% of cases, although some of 
these cases turn out to be familial [64, 72]. In the Dutch families described here, only 7 patients 
with STS were included and one TP53 germline mutation was found (14%). In breast cancer 
under 30 years of age, TP53 germline mutations were found in 3.3% of sporadic cases, and 9% 
(2/22) of familial cases [62]. In three large study cohorts of breast cancer, 0.8% (4/499) carried a 
TP53 germline mutation, all 4 mutation carriers showed a family history of cancer [59-61]. In our 
cohort of 12 patients with breast cancer under 35 years of age, one TP53 germline mutation was 
found (8%). Breast cancer at young age was not included in the 2009 revised Chompret criteria 
because they concluded that the mutation detection rate for patients with early onset breast 
cancer without a family history of cancer or multiple primary tumours was less than 5% [10]. 
Ginsburg et al. did not find any TP53 mutations in 95 sporadic breast cancer cases under 30 years 
of age [120]. Testing adrenal cortical carcinoma patients for germline TP53 mutations revealed a 
50 to 97% chance of finding a mutation [37, 39, 40, 54]. The only sporadic adrenal cortical 
carcinoma in our cohort carried a de novo TP53 germline mutation. Garber et al. [71] mentioned 
the association of choroid plexus carcinoma with LFS or with TP53 germline mutations; this was 
confirmed by Krutilkova et al. [70]. Gonzalez et al. [34] also reported a strong link between 
individuals with a CPC and germline TP53 mutations. All eight patients in their series with CPC 
referred for sequencing of the TP53 gene were found to carry a TP53 germline mutation.  In our 
cohort two patients who developed childhood choroid plexus carcinoma were included; one of 
them carried a germline TP53 mutation.   
  In the family subtype group ‘two first degree relatives with a tumour at any age’ and the 
family subtype group ‘at least two primary tumours at any age’ (Table 2) no germline TP53 
mutations were detected in 19 and 30 index patients, respectively. Therefore, we concluded that it 
is not advisable to perform TP53 germline mutation analysis for families with two cancer affected 
first degree relatives, when only one of these tumours is typical for LFS and, not for individuals 
with two or more primary tumours, when their families do not fulfil the revised Chompret 
criteria.   

Our series does of course have some ascertainment bias, because only families who were 
referred to a clinical genetics centre and were offered and had chosen for TP53 mutation testing 
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were included. The number of families who did not seek, had not been offered or had refused 
genetic counselling and TP53 mutation testing was not known. 

The second part of our study dealt with assessment of the relative risk of developing 
cancer based on our survey of different tumour types and ages of onset in LFS/LFL families, 
with or without TP53 germline mutation, compared to the general population.   

In all TP53-positive families, in addition to the main LFS tumour types the relative risks 
for colon, pancreatic and liver cancer were significantly increased. This means that TP53 
mutation carriers might exhibit higher risks for these tumour types (Table 4a). Pancreatic cancer 
as an LFS component tumour has been mentioned before [5], but is not part of either the 
Chompret or Dutch recommendations for TP53 mutation testing. Liver cancer occurred twice in 
our study sample, one was confirmed by pathology report, the other might very well have been a 
metastatic disease.  

Focussing on the TP53-positive LFL families only (n=10, table 4b), in addition to the 
classical LFS tumour types, the relative risks for colon, liver and kidney cancer were significantly 
increased. In the TP53-negative LFL families (n=26, table 4c) the relative risks for melanoma and 
lung and colon cancer were significantly increased. So the occurrence of melanoma and lung 
cancer in LFL families might not be a very good predictor at present for finding a TP53 germline 
mutation. 
  In conclusion, we recommend TP53 germline DNA analysis for all families that fulfil the 
revised Chompret criteria because it has the highest sensitivity for finding a TP53 germline 
mutation and a mutation detection rate above 20%. In addition, TP53 germline DNA analysis 
could be considered in childhood sarcomata and breast cancer before the age of 30 years 
(without detectable BRCA1 or BRCA2 mutation). Pancreatic and colon cancer might be LFS-
component tumours because of their increased relative risks in TP53 mutation carriers.  
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Table 4. Tumour type-specific cancer risks in TP53 mutation families, TP53-positive 
LFL families and TP53-negative LFL families. 
 
Table 4a. Cancer risks for TP53 mutation families. 
 
 

See methods section for estimating RR.  ICD code = International Classification of Disease code, 
Obs = observed, Exp = expected, RR = relative risk, CI = confidence interval, Pa = confirmed 
by pathology report or clinical records, No of fam = number of families in which the specific 
tumour type occurred.  
* no data were available on occurrence in the general population 
 
 
 
 

ICD 
code 

Location  Obs Exp RR 95% CI P value Pa  
n (%) 

No 
of 
fam 

- All  106 26 4 3.3-4.8 0.000 69 (65) 24 
          
 Typical LFS tumours        
170 Bones  9 0.08 107 49-203 0.000 5 (56) 6 
171 Connective 

tissues 
 14 0.23 61 33-102 0.000 10 (71) 11 

174 Breast  28 4.4 6.4 4.3-9.3 0.000 22 (79) 16 
191 Brain  13 0.37 35 19-60 0.000 9 (69) 10 
194 Adrenal cortical  2 *    1 (50) 2 
205 Leukaemia   2 0.6 3.2 0.4-12 0.258 2 (100) 2 
          
 Other tumours         
153 Colon  6 2.2 2.8 1-6 0.049 3 (50) 3 
155 Liver  2 0.1 18 2.1-64 0.017 1 (50) 2 
157 Pancreas  4 0.54 7.3 2-19 0.006 3 (75) 4 
 Other tumours  20 11 1.8 1.1-2.8    
          
  Stomach 3 1.1 2.6 0.5-7.7 0.215 2 (67) 3 

  Lung 6 3.9 1.5 0.6-3.4 0.398 2 (33) 5 

  Pleura/Meso-
thelium 

1 0.1 9.6 0.2-53 0.21 1 (100) 1 

  Melanoma 1 0.7 1.4 0.03-7.6 1.000 1 (100) 1 

  Cervix uteri 1 0.4 2.6 0.07-15 0.622 1 (100) 1 

  Ovarium 1 0.6 1.6 0.04-8.7 0.933 1 (100) 1 

  Prostate 1 1.9 0.5 0.01-3 0.896 0  1 

  Bladder 1 0.9 1.1 0.03-6.1 1.000 0  1 

  Kidney 3 0.7 4.4 0.9-13 0.067 3 (100) 2 

  Other/unspe-
cified parts of 
nervous system 

1 0.03 39 1-218 0.075 1 (100) 
(schwan-
noma) 

1 

  Non Hodgkin 
Lymphoma 

1 0.8 1.3 0.03-7.1 1.000 1 (100) 1 

          
 (Unknown  6)       
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Table 4b. Cancer risks for TP53-positive LFL families. 
 
 

 
 
See methods section for estimating RR. ICD code = International Classification of Disease code, 
Obs = observed, Exp = expected, RR = relative risk, CI = confidence interval, Pa = confirmed 
by pathology report or clinical records, No of fam = number of families in which the specific 
tumor type occurred 
* no data were available on occurrence in the general population 
 
 
 
 
 
 
 
 
 
 

ICD 
code 

Location  Obs Exp RR 95% CI P 
value 

Pa  
n (%) 

No 
of 
fam 

- All  55 8.6 6.4 4.8-8.3 0.000 38 (69) 10 
          
 Typical LFS tumours        
170 Bones  -       
171 Connective tissues  4 0.1 41 11-104 0.000 2 (50) 4 
174 Breast  20 2 10 6.1-16 0.000 16 (80) 9 
191 Brain  9 0.16 57 26-108 0.000 6 (67) 6 
194 Adrenal Cortical  1 *    0  1 
205 Leukaemia   2 0.23 8.7 1.1-31 0.052 2 (100) 2 
          
          
 Other tumours         
153 Colon  4 0.7 5.6 1.5-14 0.014 2 (50) 1 
155 Liver  2 0.04 57 6.9-205 0.004 1 (50) 2 
189 Kidney  2 0.2 9.6 1.2-35 0.045 2 (100) 1 
 Other tumours  11 2.6 4.3 2.5-8.1  9 (69)  
          

  Stomach 1 0.33 3.0 0.1-17 0.555 1 (100) 1 

  Pancreas 1 0.17 5.8 0.2-32 0.321 1 (100) 1 

  Lung 3 0.8 3.7 0.8-11 0.103 1 (33) 2 

  Pleura/ 
Mesothelium 

1 0.02 42 1.1-232 0.072 1 (100) 1 

  Melanoma 1 0.33 3 0.1-17 0.558 1 (100) 1 

  Cervix uteri 1 0.2 5.4 0.1-30 0.339 1 (100) 1 

  Ovarium  1 0.3 3.4 0.1-19 0.503 1 (100) 1 

  Prostate  1 0.2 4.9 0.1-27 0.369 0 1 

  Bladder 1 0.2 5 0.1-28 0.364 0  1 
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Table 4c. Cancer risks for TP53-negative LFL families. 
 
 
 

See methods section for estimating RR. ICD code = International Classification of Disease code, 
Obs = observed, Exp = expected, RR = relative risk, CI = confidence interval, Pa = confirmed 
by pathology report or clinical records, No of fam = number of families in which the specific 
tumor type occurred 
* no data were available on occurrence in the general population 
 
 
 
 
 
 
 
 
 

ICD 
code 

Location  Obs Exp RR 95% CI P value Pa  
n (%) 

No 
of 
fam 

- All  112 25 4.5 3.7-5.4 0.000 63 (56) 26 
          
 Typical LFS tumours        
170 Bones  4 0.07 60 16-154 0.000 2 (50) 3 
171 Connective tissues  12 0.21 58 30-102 0.000 10 (83) 11 
174 Breast  35 3.41 10 7.1-14.3 0.000 25 (71) 24 
191 Brain  11 0.34 33 16-58 0.000 6 (55) 7 
194 Adrenal cortical  1 *    1 (100) 1 
205 Leukaemia   4 0.55 7.3 2-19 0.006 1 (25) 4 
          
 Other tumours         
153 Colon  6 2 3.1 1.1-6.7 0.032 5 (83) 4 
162 Lung  10 4.5 2.3 1.1-4.1 0.033 2 (20) 8 
172 Melanoma  8 0.7 12 5.3-24 0.000 5 (63) 7 
 Other tumours  17 7 2.4 1.4-3.9  8 (47)  
          
  Salivary gland 1 0.05 20 0.5-109 0.12 1 (100) 1 

  pharynx 1 0.16 6.4 0.2-36 0.292 1 (100) 1 

  Stomach 4 1.15 3.5 1-9 0.06 2 (50) 2 

  Pancreas 1 0.51 2 0.1-11 0.786 0 1 

  Cervix uteri 1 0.31 3.3 0.1-18 0.52 0 1 

  Uterus 1 0.46 2.2 0.1-12 0.732 0 1 

  Prostate  2 2.07 1 0.1-3.5 1.000 2 (100) 2 

  Bladder 1 0.98 1.0 0.0-5.7 1.000 0 1 

  Kidney 1 0.69 1.5 0.0-8.1 0.983 0 1 

  Thyroid 1 0.14 7.3 0.2-40 0.264 1 (100) 1 

  Non Hodgkin 
Lymphoma  

3 0.44 4.6 0.6-17 0.146 1 (33) 3 

          
 (unknown  4)       
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Abstract 
 
Background 
CHEK2 has previously been excluded as a major cause of Li-Fraumeni syndrome (LFS). One 
particular CHEK2 germline mutation, c.1100delC, has been shown to be associated with elevated 
breast cancer risk. The prevalence of CHEK2*1100delC differs between populations and has 
been found to be relatively high in the Netherlands. The question remains nevertheless whether 
CHEK2 germline mutations contribute to the Li-Fraumeni phenotype. 
Methods 
We have screened 65 Dutch TP53-negative LFS/LFL candidate patients for CHEK2 germline 
mutations to determine their contribution to the LFS/LFL phenotype.  
Results 
We identified six index patients with a CHEK2 sequence variant, four with the c.1100delC variant 
and two sequence variants of unknown significance, p.Phe328Ser and c.1096-?_1629+?del.  
Conclusions 
Our data show that CHEK2 is not a major LFS susceptibility gene in the Dutch population. 
However, CHEK2 might be a factor contributing to individual tumour development in TP53-
negative cancer-prone families.  
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Background 
Li-Fraumeni syndrome (LFS) is a rare autosomal dominant cancer syndrome predisposing for 
bone and soft tissue sarcoma, breast cancer, brain tumour, adrenocortical carcinoma and 
leukaemia [1]. The classical LFS criteria are: a proband with sarcoma aged under 45 years and a 
first-degree relative with any cancer aged under 45 years, plus a first or second-degree relative in 
the same lineage with any cancer under the age of 45 years or sarcoma at any age [2]. In addition, 
Li-Fraumeni-like syndrome (LFL) criteria have been formulated as a proband with any childhood 
tumour or a sarcoma, brain tumour or adrenocortical tumour diagnosed under 45 years of age 
and a first or second-degree relative in the same lineage with a typical LFS tumour at any age, 
plus a first or second-degree relative in the same lineage younger than 60 years with any cancer 
[3]. Less stringent LFL criteria were formulated by Eeles et al. as two first or second-degree 
relatives with typical LFS-extended tumours (classical LFS tumours plus melanoma, prostate 
cancer and pancreatic cancer) at any age [4]. The Chompret criteria for TP53 germline mutation 
testing have been updated in 2008 as: (1) a proband with a tumour belonging to the LFS tumour 
spectrum (sarcomas, brain tumours, pre-menopausal breast cancer, adrenocortical carcinoma, 
leukaemia, lung bronchoalveolar cancer) cancer before 46 years of age and at least one first or 
second-degree relative with an LFS tumour before 56 years of age or multiple tumours; or (2) a 
proband with multiple tumours two of which belong to the narrow LFS tumour spectrum and 
the first of which occurred before 46 years of age; or (3) a patient with adrenocortical carcinoma 
or a patient with breast cancer before 36 years of age without BRCA mutation, irrespective of the 
family history [5]. 

In 1990 germline mutations in the TP53 gene were described in LFS [6]. So far, 419 
TP53-positive families have been reported (IARC mutation database, R13, November 2008 [7]). 
At present, in approximately 75% of LFS and 40% of LFL families, a germline TP53 mutation 
can be detected [8]; i.e. 25% to 60% of LFS/LFL families do not carry a detectable germline 
TP53 mutation, implying the existence of alternative LFS susceptibility genes.  

CHEK2 is a cell cycle checkpoint kinase involved in DNA repair, cell death and cell cycle 
control by stabilizing the p53 protein [9]. In 1999 Bell et al. first described the possible 
association of the CHEK2 gene with Li-Fraumeni syndrome [10]. Subsequent studies have 
addressed the possible contribution of CHEK2 germline mutations to LFS and LFL syndrome, 
but could not confirm CHEK2 as a major gene involved in LFS [10-18].  

In other studies, the specific CHEK2 c.1100delC frameshift mutation was shown to be 
associated with an elevated breast cancer risk [19-22] and it has been suggested that it contributes 
to a hereditary breast and colorectal cancer phenotype [23]. The prevalence of this c.1100delC 
mutation seems to differ according to ethnic backgrounds and populations and is relatively high 
in the Netherlands [19, 24]. We have investigated the CHEK2 gene mutation status of 65 index 
patients from 65 Dutch LFS/LFL families and families suggestive of LFS who had tested 
negative for TP53 germline mutations, to determine the contribution of CHEK2 germline 
mutations to the phenotype in those families.  
 
Methods 
 All 65 affected index patients had been assessed and counselled in various clinical genetics 
centres because of the occurrence of different cancer types related to LFS and had as a 
consequence been tested for TP53 germline mutations. On the basis of the available clinical data, 
the TP53-negative families were classified into 3 groups: 1) classical LFS [2], 2) LFL syndrome 
according to Birch [3] or Eeles [4] and 3) LFS-suggestive, including childhood onset (under 18 
years) sarcoma or brain tumours, two or more primary tumours at any age, two first-degree 
relatives with a tumour at any age,  of which at least one relative has a typical LFS tumour or 
breast cancer under 30 years of age (without BRCA1 or BRCA2 mutations) (Table 1). In families 
with multiple breast cancer cases and individuals with breast and ovarian cancer, BRCA1 or 
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BRCA2 mutations were excluded, according to standard procedures. Details are available on 
request.  
 
 
Table 1.   
Number of TP53 negative families available for CHEK2 gene analysis divided into 3 
groups: LFS, LFL, or LFS-suggestive family history (n = 65), including the cancer type in 
tested patients. 

 

LFS = Li-Fraumeni syndrome, LFL = Li-Fraumeni-like syndrome according to Birch or Eeles 
LFS-suggestive = LFS suspected families that do not fulfill LFS or LFL criteria  
MLPA = multiplex ligation-dependent probe amplification  
B = breast cancer, S = sarcoma 
Other = other cancers, including adrenal cortical tumour, bladder cancer, brain tumour, colon 
cancer, kidney cancer, leukaemia, lung cancer, melanoma, non-Hodgkin lymphoma, ovarian 
cancer and thyroid cancer. 
 

 
DNA from peripheral blood lymphocytes was isolated according to standard procedures. 

Screening for TP53 germline mutations was performed by sequence analysis of all coding exons 
(2-11) including flanking intron-exon boundaries (details are available on request) and multiplex 
ligation-dependent probe amplification (MLPA) [25] (TP53 MLPA KIT, MRC Holland). In 34 
TP53-negative LFS, LFL, or LFS-suggestive families all exons and flanking intron-exon 
boundaries of the CHEK2 gene were investigated using denaturing gradient gel electrophoresis 
(DGGE, see Table 1) [26]. All possible candidate variants, identified as aberrant DGGE 
fragments, were confirmed by sequence analysis. To avoid amplification of pseudogenes, a long 
range PCR was performed first for exons 10 to 14, followed by a nested PCR. Data on exons 1-
10 were obtained for all patients, on exons 11-14 for 29 of the 34 individuals. All 65 TP53-
negative individuals were screened for the c.1100delC CHEK2 mutation and CHEK2 DNA 
rearrangements by multiplex ligation-dependent probe amplification (MLPA, see Table 1). 
Details are available on request (CHEK2 MLPA KIT, MRC Holland).  Mutation analysis was 
performed using the following reference sequence: CHEK2 (AF086904.1, GI:3982839, 
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=3982839 ). 

Sequence variants were weighted according to their potential pathogenicity. Three silent 
sequence variants were seen and not further analysed: c.252A>G, p.Glu84Glu in exon 1, a 
previously reported silent polymorphism [15], found once, c.1566C>T, p.Pro522Pro and 
c.1608A>G, p.Pro536Pro, both in exon 14, found in five and seven families, respectively.  For  

 
 
(family) history 

Complete CHEK2 
mutation analysis 
(n = 34) 

1100delC mutation 
analysis and MLPA 
(n = 31) 

Cancer type in 
tested patients: 
B / S / other 

LFS 1  0 1 / 0 / 0 
LFL 20 15 18 / 7 / 10 
LFS-suggestive 13 16 17 / 5 / 7 
    -childhood onset sarcoma or brain 
      tumour           

    1     1 0 / 1 / 1 

    -at least 2 primary tumours     3     7 5 / 1 / 4 
    -2 first degree relatives with     
     cancer 

    5     6 6 / 3 / 2 

    -breast cancer before 30 years     4     2 6 / 0 / 0 
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these three variants two splice site prediction programs were used, NetGene2 Server 
(http://www.cbs.dtu.dk/services/NetGene2/) and BDGP Splice Site Prediction/Neural 
Network (http://www.fruitfly.org/seq_tools/splice.html); no alternative splice sites were 
predicted. 

When possible, the presence of a sequence variant detected in an index patient was 
investigated in other affected relatives. A control group of 150 anonymous Dutch (male and 
female) blood donors was analysed by DGGE to determine the prevalence of the sequence 
variants in a general population sample. 

A chi-square test was used to determine the statistical significance of the proportion of 
CHEK2 mutation carriers in our study group compared to healthy controls. 
 
Results and discussion 
Sixty-five TP53-negative individuals from 65 families were screened for the CHEK2 1100delC 
germline mutation and DNA rearrangements.  Thirty-four of these individuals were screened 
comprehensively by DGGE for CHEK2 mutations. Six index patients were found to carry a 
possibly pathogenic germline CHEK2 sequence variant.  
The c.1100delC in exon 10 of the CHEK2 gene, a mutation located in the kinase domain of the 
gene and abolishing the kinase activity of the protein, was detected in four index patients. In one 
family, a classical LFS family, the c.1100delC was detected in a patient who developed breast 
cancer at the age of 48 years (Figure 1A), which is in line with the c.1100delC acting as a low 
penetrance breast cancer susceptibility allele [19]. Relatives with a 50% chance of being a 
c.1100delC carrier in this family who had developed breast cancer were not available for testing. 
However, it is not likely to be the LFS-causing mutation in this family, considering the absence of 
the c.1100delC in the patient’s son who developed a sarcoma at 15 years of age. In an LFL and 
LFS-suggestive family, the patients identified as carrying the c.1100delC had breast cancer (Figure 
1B and 1D); in a fourth family, a LFS-suggestive family, the patient identified with the c.1100delC 
sequence variant had both breast and colorectal cancer (Figure 1C). No additional material was 
available for testing to see if and how the mutation segregates in these families. In all four of the 
c.1100delC families, this sequence variant seemed to be associated with breast cancer or breast 
and colorectal cancer, rather than LFS. The reported frequency of the CHEK c.1100delC in 
Dutch controls is 1.4%, in Dutch breast cancer patients not selected for family history 2.5% and 
in Dutch BRCA1/2-negative families with breast cancer 4.9%[19]. In our sample the frequency 
was 6.2% (4/65), significantly different from that for healthy controls (p=0.006).  

Another sequence variant, c.983T>C, p.Phe328Ser in exon 8, localised in the kinase 
domain of the gene, was detected in a female patient who had developed a leiomyosarcoma at 2 
years of age and a schwannoma at 27 years of age (Figure 1E). The family of the index patient 
fulfilled the LFL criteria (Eeles [4]). The parents of the index patient are both healthy and over 60 
years of age. A maternal aunt died of breast cancer at 45 years of age and a sister of the index 
patient’s maternal grandmother died of a brain tumour; no material was available for testing. 
Under the assumption that these two affected family members were carriers of the mutation, 
penetrance would be incomplete with non-penetrance exhibited by two older healthy obligate 
mutation carriers. The hypothesis that the exon 8 mutation caused the complete LFL phenotype 
in this family is unlikely although a de novo mutation, contributing to the disease in the index 
patient, cannot be excluded. The p.Phe328Ser missense mutation has not been described in the 
literature before and was not found in 150 healthy Dutch controls. The phenylalanine in this 
position is conserved in mice and frogs but not in either zebrafish or C. Elegans (Ensembl, v39-
Jun 2006 [27]).  
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One CHEK2 DNA rearrangement was found, c.1096-?_1629+?del, a deletion of exons 
10-14 of the gene. The family fulfilled the LFL criteria according to Birch[3] and the index 
patient developed breast cancer at the age of 55 years. A deletion of this size in the kinase domain 
of the gene will probably abolish the kinase activity. This deletion has not been described in the 
literature before.  A deletion of exon 9-10 predicting protein truncation at codon 381 was 
discovered as a founder mutation among patients of Czecholovakian ancestry with breast cancer 
[17]. Unfortunately, no material from the daughter who developed a rhabdomyosarcoma at 22 
years of age was available. Four sibs of the index patient were healthy; her father developed 
stomach cancer at 55 years of age.  

 
So far, 8 studies have been published on CHEK2 analysis of a total of 196 TP53-negative 

LFS families or families suggestive of LFS (Table 2) [10-17]. Of the seven variants presented, 
only the c.1100delC, the p.Ile157Thr and the p.Arg145Trp mutation are of reported functional 
significance. Bell et al. [10] found the p.Ile157Thr in an index patient with three primary cancers; 
no other family members were tested. Allinen et al. [11] screened the CHEK2 gene in 21 
LFS/LFL families and only found the p.Ile157Thr mutation; since it was found in healthy 
controls as well, they concluded that it does not contribute to an LFL-associated breast cancer 
risk. Some authors found an association between the p.Ile157Thr mutation and risk of female 
breast cancer [28-30], others found no association [31]. The p.Arg145Trp, leading to a 
destabilised protein, was described in a Li-Fraumeni-like kindred; it was only tested in one family-
member with a sarcoma at 20 years and breast cancer at 42 years. It was not found in 200 
controls [13]. 
 
Table 2. 
 Literature on CHEK2 analysis in LFS and LFS-related families 

*=LFL and LFS-suggestive combined, subdivision not further mentioned 

 
reference/ our 
results 

number of families 
tested: 

LFS/LFL/suggestive 

total 
CHEK2 
analysis 

CHEK2 1100delC 
analysis + DNA 
rearrangements 

 
mutations  
found 

Allinen et al. 
[11] 

1 / 20 / 0 21 0 p.Ile157Thr 

Bell et al. [10] 4 /   18* 22 0 c.1100delC 
p.Ile157Thr 

Bougeard et al. 
[12] 

0 / 4 / 0 4 0 - 

Lee et al. [13] 10 /  49* 59 0 p.Arg145Trp 
p.Arg3Trp 
p.Ile157Thr 

Siddiqui et al. 
[16] 

1 / 13 / 1   0 15 - 

Sodha et al. [15] 5 / 21 / 0 26 0 IVS5-11G>A 
c.483-485delAGA 

Vahteristo et al. 
[14] 

1 / 6 / 32 39 0 c.1100delC 

Walsh et al. [16] 3 / 7 / 0 10   - 
our results 1 / 35 / 29 34 31 p.Phe328Ser 

c.1100delC 
c.1081-?_1771+?del 
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In our study six index patients were found to carry a CHEK2 sequence variant by 
screening 65 TP53-negative index patients, with no evidence that the sequence variants found 
caused the complete LFS phenotype in their families. Our data are in line with the hypothesis 
that the CHEK2 c.1100delC might be associated with an elevated breast cancer risk [19, 20], and 
possibly with a breast and colorectal cancer phenotype [23] or more generally a multi-organ 
cancer susceptibility [32]. We propose that the germline CHEK2 sequence variants contribute to 
tumour development in the index patients. Without these tumours, the families would not have 
fulfilled the established LFS/LFL criteria and TP53 germline mutation testing would not have 
been indicated. In this way, the individual CHEK2 sequence variants may contribute to the Li-
Fraumeni phenotype seen in these families. 

Because only 75% of classical LFS families and 40% of LFL families have germline TP53 
mutations, research groups have looked at candidate genes like Bcl10 [33], CDKN2 [34, 35], TP63 
[12], PTEN [34, 36], CHEK1 [10, 14] and BAX [37]; no possible alternative LFS genes were 
found.  
Two polymorphisms, p.Arg72Pro (TP53 gene) and SNP309 T>G (MDM2 gene), have been 
shown to have a modifying effect, resulting in an earlier age of onset of cancer in TP53 mutation 
carriers [38, 39]; there is even a synergistic effect when both polymorphisms are present. These 
are proposed examples of modifying factors or low penetrance gene mutations that play a role in 
age of onset and tumour clustering in cancer-prone families [40]. In our present study group, we 
investigated the possible modifier effects of these polymorphisms but found no association with 
an earlier age of tumour onset [41] (p.Arg72Pro, data not shown). We did find a larger proportion 
of homozygotes for the G-allele of MDM2 SNP309 in our TP53-negative group, suggesting a 
modifier effect on the TP53 negative Li-Fraumeni phenotype.  
 
Conclusions 
Our data illustrate that CHEK2 is not a major LFS susceptibility gene in the Dutch population. 
The CHEK2 gene might be a factor contributing to individual tumour development in families 
that are subsequently recognised as having a Li-Fraumeni phenotype. Although many genes have 
been excluded as alternative LFS genes, many more modifiers or low penetrance susceptibility 
genes might occur in families showing a Li-Fraumeni phenotype. 
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Abstract 
Li-Fraumeni syndrome (LFS) is an autosomal dominant cancer predisposition syndrome of 
which the majority is caused by TP53 germline mutations and is characterised by different 
tumour types occurring at relatively young age. Recently, it was shown that a single nucleotide 
polymorphism in the MDM2 gene, SNP309 (T>G variation), was associated with accelerated 
tumour formation in LFS patients who carry a TP53 germline mutation. To confirm this finding 
in different populations, we screened 25 Dutch and 11 Finnish TP53 mutation carriers for the 
presence of the SNP309 G allele in the MDM2 gene. Additionally, we investigated whether the 
SNP309 G allele plays a role in 72 Dutch TP53 negative LFS and LFS-related patients.  
In the TP53 germline mutation carriers, a significant difference was seen in the mean age of 
tumour onset for the SNP309 G allele group, i.e. 29.7 years as compared to the SNP309 
homozygous T group 45.5 years (p = 0.005). In patients of LFS and LFS-related TP53 negative 
families, no difference was seen in the mean age of tumour onset. However, this TP53 negative 
group did show a significantly higher percentage of SNP309 homozygotes (G/G) compared to 
the general population (p = 0.02). 
In conclusion, TP53 germline mutation carriers who have a SNP309 G allele have an earlier onset 
of tumour formation. The higher prevalence of MDM2 SNP309 homozygous G/G carriers in 
the TP53 negative group suggests this allele contributes to cancer susceptibility in LFS and LFS-
related families.  
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Introduction 
Li-Fraumeni syndrome (LFS) is an autosomal dominant cancer predisposition syndrome. The 
main tumour types of LFS include bone- and soft tissue sarcoma, breast cancer, brain tumour, 
adrenocortical carcinoma and leukaemia [1]. The classical LFS criteria are a proband with a 
sarcoma aged under 45 years and a first-degree relative with any cancer aged under 45 years, plus 
a first- or second-degree relative in the same lineage with any cancer aged under 45 years or a 
sarcoma at any age [2]. In addition, Li-Fraumeni-like syndrome (LFL) criteria were formulated as 
a proband with any childhood tumour, or a sarcoma, brain tumour or adrenocortical tumour 
aged under 45 years and a first- or second-degree in the same lineage with a typical LFS tumour 
at any age, plus a first- or second-degree relative in the same lineage with any cancer under the 
age of 60 years[3]. Less stringent LFL criteria were formulated by Eeles et al. as two first- or 
second-degree relatives with typical LFS tumours at any age[4].  In 1990 germline mutations in 
the TP53 gene were found to be associated with  
LFS [5]. At present, TP53 germline mutations are detected in approximately 75% of LFS and 
40% of LFL families [6]. Because still 25-60% of LFS/LFL families do not carry a germline TP53 
mutation, alternative LFS susceptibility genes have been proposed[7]. Moreover, single nucleotide 
polymorphisms (SNP) may contribute to predisposition to cancer[8]. Recently, it was suggested 
that a single nucleotide polymorphism in the promoter region of the MDM2 gene is associated 
with a significantly earlier age of onset of tumours in both TP53 mutation carriers and sporadic 
TP53 negative soft tissue sarcoma (STS)[9]. The MDM2 gene is an important negative regulator 
of TP53. Bond et al. [9] showed that the MDM2 SNP309 G creates an improved SP1 site, leading 
to higher basal levels of MDM2 in cells, thereby attenuating the p53 pathway.  The impact of the 
MDM2 SNP309 G on the age of tumour onset in germline TP53 mutation carriers was 
confirmed by Bougeard et al. [10], by screening 41 affected TP53 mutation carriers for the 
presence of a SNP309 G allele. Wilkening et al. showed that this polymorphism does not seem to 
play a role in familial breast cancer[11]. 
We investigated the presence of the SNP309 G allele in Dutch and Finnish TP53 mutation 
carriers to look at the effect on age of onset. Furthermore, we tested 72 family members of 68 
TP53 negative LFS and LFS-related families from the Netherlands to determine the possible 
effect of SNP309 G on cancer susceptibility.  
 
Patients and methods 
For this study 108 selected cancer patients were screened for TP53 germline mutations, 97 at the 
Family Cancer Clinic of the Netherlands Cancer Institute and 11 at the Helsinki University 
Central Hospital. These patients were divided into 4 groups: 1) classic LFS [2], 2) LFL according 
to Birch [3] or Eeles [4],  3) LFS-suggestive, including childhood onset (under 18 years) sarcoma 
or brain tumours, two or more primary tumours at any age, or two first degree relatives with a 
tumour at any age, of which at least one is a typical LFS tumour and 4) breast cancer before 30 
years of age (without detectable BRCA1 or BRCA2 mutation) (Table 1). Groups 2-4 combined 
are further referred to as LFS-related families. 36 TP53 positive and 72 TP53 negative family 
members out of 87 families (19 TP53 positive families, 68 TP53 negative families respectively) 
were tested for the presence of SNP309 G in the MDM2 gene. The 68 TP53 negative families 
were all Dutch, in Finland, TP53 negative families were not tested for the presence of SNP309 G 
in the MDM2 gene. DNA from peripheral blood lymphocytes was isolated according to standard 
procedures. Mutation analysis of the TP53 gene was performed by sequence analysis of all coding 
exons (2-11) and flanking intron-exon boundaries of these exons using standard procedures. The 
19 TP53 germline mutations in the TP53 positive families included 12 missense mutations, 4 stop 
mutations and 3 splice site mutations. DNA was sequenced for the presence of SNP309 G in the 
MDM2 promoter (Different primer sets were used in the Netherlands and Finland; primer 1:  
5’-TGTAAAACGACGGCCAGTCGGGAGTTCAGGGTAAAGGT-3’, primer 2:  
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5’-CAGGAAACAGCTATGACCTCGGAACGTGTCTGAACTTG-3’ in Amsterdam, primer 1: 
5’-GTTTTGTTGGACTGGGGCTA-3’, primer 2: 5’-CGGAACGTGTCTGAACTTGA-3’ in 
Helsinki). 
 

 
Table 1.  SNP309 genotype in patients and controls 
 
a) 

 
b) 

 
 
 
 

a) SNP309 genotype in TP53 positive and TP53 negative patients. Patients were divided into 
4 groups according to their (family) history. 

b) SNP309 genotype in Dutch and Finnish controls. 
 
LFS = Li-Fraumeni syndrome fulfilling the classical criteria2, LFL = Li-Fraumeni-like 
syndrome according to Birch3 or Eeles4 
 

 

  TP53 positive  
      SNP309 genotype 

TP53 negative  
        SNP309 genotype 

(family) 
history 

 n T/T T/G G/G n T/T T/G G/G

LFS  11 2 8 1 4  1 3 
LFL  22 15 7  29 15 8 6 
LFS-suggestive:         
 -Childhood sarcoma or 

brain tumour (<18 years) 
1  1  5 4 1  

 -At least 2 primary 
tumours 

1  1  17 10 2 5 

 -2 first degree relatives 
with cancer (at least 1 
typical LFS tumour) 

    12 7 3 2 

 -Breast cancer before 30 
years (BRCA1/BRCA2 
negative) 

1 1   5 3 1 1 

  36 18 
(50%)

17 
(47%)

1 
(3%)

72 39 
(54%) 

16 
(22%) 

17 
(24%)

                                           MDM2 SNP309 genotype 
  T/T T/G G/G 
control cohorts Total (n) n (%) n (%) n (%) 
Dutch population controls 230 94 (41%) 109 (47%) 27 (12%) 
Finnish population controls 551 185 (34%) 259 (47%) 107 (19%) 
Combined Dutch/Finnish controls 
for 36 TP53 positive patients 

adjusted 39% 47% 14% 
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A control group of 230 Dutch healthy blood bank controls, males and females and 551 Finnish 
healthy female control subjects (from the same geographical region) were screened for the 
presence of SNP309 G. Proportions of haplotype frequencies in the combined control group 
were adjusted for the numbers of Dutch and Finnish patients. The Dutch controls were 
genotyped as described above, the Finnish controls were genotyped using Restriction Fragment 
Length Polymorphisms: PCR products were digested with MspA1 I (New England Biolabs) and 
run on a 3% agarose gel; the PCR product with a T allele is cut once and the PCR product with a 
G allele is cut twice. 
A t-test was used to determine the statistical significance for the age of onset of cancer between 
the groups with and without SNP309 G. Proportions were tested by a Chi-square test.  
 
Results 
The classification of the 108 LFS and LFS-related patients into 4 groups (see patients and 
methods) is shown in Table 1a. The presence of the SNP309 G in TP53 positive patients was 
found in heterozygous state, T/G, in 17 out of 36 (47%) patients and in the homozygous state, 
G/G, in 1 out of 36 (3%) patients. In TP53 negative patients, T/G was found in 16 out of 72 
(22%) patients, G/G was found in 17 out of 72 patients (24%, Table 1a). The Dutch and Finnish 
population controls, including the ratio-adjusted Dutch/Finnish controls are listed in table 1b. In 
the TP53 negative LFS and LFS-related patients, the G/G genotype was twice the percentage in 
the general population (24% vs 12%, respectively, p = 0.02), the T/G genotype proportion was 
significantly lower as compared to the general population (22% vs 47%, p < 0.01). 
The prevalence of the different first tumour types in both TP53 positive and TP53 negative 
patients is shown in Figure 1a and 1b, with breast cancer and soft tissue sarcoma (STS) being the 
most frequent cancers. The average age of onset of all first cancers was 34.3 years.  When the 
group is divided in TP53 positive and TP53 negative patients, the average age was 37.6 years and 
32.6 years respectively. When the TP53 positive group was further divided by the presence or 
absence of SNP309 G, the T/T group revealed a mean age of 45.5 years, as compared to the 
group where SNP309 G was present in heterozygous or homozygous state (T/G or G/G) where 
the mean age was significantly earlier, 29.7 years (p = 0.005, Figure 1c). In the T/T group of 
TP53 negative patients, the mean age was 32.1 years, in the T/G and G/G group combined, the 
mean age was 33.3 years (Figure 1d, p = 0.749).   
 
Discussion 
We showed that the presence of a single nucleotide polymorphism in the MDM2 gene, SNP309 
(T>G variation) in Dutch and Finnish TP53 germline mutation carriers was associated with 
accelerated tumour formation. Our results show a 16 years earlier age of tumour onset in TP53 
mutation carriers with a SNP309 G allele as compared to the T/T  
SNP 309 group (Figure 1c), confirming the conclusions of Bond et al. [9] and Bougeard et al.[10], 
who showed an age difference of 7 years and 10 years respectively. The SNP309 G 
polymorphism is proposed to act as a genetic modifying factor in TP53 mutation carriers. 
Because of the small numbers, our analysis has been done in a joint sample of Dutch and Finnish 
origin. Although the allele frequencies and genotype frequencies differ between the Dutch and 
Finnish controls, as shown in Table 1b, the genotype frequencies in the TP53 positive group did 
not significantly differ from the ratio-adjusted Dutch/Finnish control group, allowing a 
combined analysis. 
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Figure 1. 
Prevalence of different tumour types and mean age of tumour onset 
a) 
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c) 

 

 

d) 

 

 

 
a) First tumours in TP53 mutation carriers (n=36) 

Other = stomach cancer, melanoma, mesothelioma, ovary cancer, lung and thyroid 
cancer 

b) First tumours in Dutch TP53-negative LFS and LFS-related patients (n=72) 
Other = bladder cancer, Hodgkin lymphoma, kidney cancer, thyroid cancer, basal cell 
carcinoma, acute myeloid leukemia, non-Hodgkin lymphoma, colon and stomach cancer 

c) Mean age of tumour onset in TP53 mutation carriers according to their MDM2 SNP309 
genotype 

d) Mean age of tumour onset in TP53-negative LFS and LFS-related patients according to 
their MDM2 SNP309 genotype 

  Mean 
age of 
onset 

Median 
age of 
onset 

Age 
range 

n=18   T/T 45.5 yr 46.5 yr 22-71 yr 
n=18 T/G or G/G 29.7 yr 29 yr 1-59 yr 

  Mean 
age of 
onset 

Median 
age of 
onset 

Age 
range 

n=39   T/T 32.1 yr 36 yr 0.5-64 yr 
n=33 T/G or G/G 33.3 yr 32 yr 0.5-63 yr 
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Neither Bond et al. [9] nor Bougeard et al.[10] screened LFS and LFS-related patients without a 
TP53 germline mutation. In our TP53 negative LFS and LFS-related group, the age of tumour 
onset for SNP 309 G allele patients and T/T patients was not significantly different.  The 
presence of the SNP 309 G allele was therefore not shown to have a tumour accelerating effect 
in our TP53 negative LFS-related patients. However, it was striking to see that the percentage of 
the G/G genotype in the TP53 negative LFS and LFS-related patients is twice the percentage in 
the general population.  These data indicate an association between homozygosity for SNP309 
(G/G) and the occurrence of cancer, though not related to age of onset. The fact that these 
patients were considered for counselling, might well be due in part to the presence of the 
homozygous G allele, under the assumption of the SNP309 G polymorphism acting as a modifier 
or (additional) disease causing factor.  Within the TP53 negative group there is no difference in 
age of tumour onset in the homozygous SNP309 G carriers as compared to the T/T and T/G 
carriers. Although 3 out 4 classical LFS family members show a G/G genotype, the family 
history does not seem to be specific for the homozygous SNP309 G carriers (Table 1). 
Bond et al. [9] found the presence of SNP309 to be associated with earlier age of onset for 
sporadic soft tissue sarcoma (STS), specifically for the homozygotes (G/G). In our TP53 negative 
patients, 13 STS developed as first tumour, 6 patients showed a T/T genotype, 5 a T/G genotype 
and 2 a G/G genotype, the mean ages did not significantly differ between the G/G and T/G or 
T/T groups. Although both groups (our group of TP53 negative LFS and LFS-related STS 
patients and Bond’s group of sporadic STS) are TP53 negative, the difference in proportion of 
G/G and in family history of patients, in addition to the small numbers in both studies, could 
explain the discordance in age of onset.  
In conclusion, our results confirm the association of the presence of SNP309 G with a 
significantly earlier age of onset of the first tumour in TP53 germline mutation carriers. As such, 
the TP53 combined MDM2 SNP309 G germline mutation now becomes an established example 
of how a gene-gene interaction synergistically acts in cancer susceptibility. This association raises 
the question whether MDM2 SNP309 G analysis should be embedded in clinical diagnosis of 
TP53 mutation carriers. This remains controversial, especially because for many tumour types no 
early detection procedures are available.  
Although the presence of a SNP309 G allele in TP53 negative LFS and LFS-related patients was 
not shown to be correlated with an earlier age of onset of tumours, the higher prevalence of 
MDM2 SNP309 homozygous G/G carriers in the TP53 negative group may suggest that this 
allele contributes to the LFS phenotype. Before clinical genetic implementation, these 
observations need to be confirmed in a larger series of TP53 negative LFS and LFS-related 
patients. 
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Abstract   
Li-Fraumeni syndrome (LFS) is an autosomal-dominant condition characterized by early-onset 
sarcoma, breast cancer and other specific tumour types. In most LFS kindreds germline TP53 
mutations have been identified. In general, TP53 germline mutations are not associated with late-
onset common cancers. We encountered a large kindred in which a wide spectrum of tumour 
types occurred, including melanoma, breast, ovarian, colorectal, stomach and renal cell cancer, 
without clear-cut early ages at onset of disease. An Arg213Gln TP53 germline mutation was 
detected in 12 out of 15 affected family members whereas testing for other cancer susceptibility 
genes in selected patients was negative. In vitro testing indicated that the specific TP53 mutation 
inactivates the protein transcriptionally. Our findings suggest that this TP53 germline mutation is 
a causative factor in this family and that specific TP53 germline mutations can be associated with 
relatively late-onset common cancers.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



TP53 in clinical practice 
 
 

77 

Introduction 
Tumour  susceptibility syndromes were defined, until recently, by their clinical 

phenotypes. Classical diagnostic criteria for Li-Fraumeni syndrome (LFS) are: a proband 
diagnosed with sarcoma before 45 years of age, a first-degree relative with cancer before 45 years 
of age, and another first- or second-degree relative in the same lineage with any cancer diagnosed 
under 45 or sarcoma occurring at any age [1]. Criteria for Li-Fraumeni-like syndrome (LFL) as 
defined by Birch et al. [2] are: a proband with any childhood cancer or sarcoma, brain tumour, or 
adrenocortical carcinoma diagnosed before 45 years of age, with one first- or second-degree 
relative with a typical LFS cancer (sarcoma, breast cancer, brain tumour, leukaemia, or 
adrenocortical carcinoma) diagnosed at any age, plus one first- or second-degree relative in the 
same lineage with any cancer diagnosed under age 60. 

In 1990 germline mutations in the TP53 tumour suppressor gene were shown to be 
causative of both LFS and LFL syndrome [3, 4]. Since then pathogenic TP53 mutations – most 
of them missense mutations - have been found in up to 75% of LFS families and 40% of LFL 
kindreds [5-7].  

Recently, the spectrum of tumours in 28 LFS/LFL families with TP53 mutations was 
evaluated by Birch et al. [8]. These authors found the following malignancies to be associated 
with germline TP53 mutations: female breast cancer, tumours of the brain and spinal cord, soft 
tissue sarcoma, osteosarcoma (except Ewing´s sarcoma), adrenocortical carcinoma and Wilms´ 
tumour. To a lesser degree, carcinoma of the pancreas seemed related. Noticeably, there was no 
association with the majority of other common carcinomas (apart from breast cancer). In general, 
the ages at diagnosis of cancer in TP53 mutation carriers are lower than for sporadic cancer. 
However, it has been suggested that the types of malignancies and ages at onset might be more 
variable than assumed thus far [9-11]. 

In any family with a novel TP53 germline mutation the question arises whether the  
mutation is pathogenic or  represents a non-pathogenic polymorphism. Arguments in favour of 
pathogenicity include segregation of the mutation with the cancer phenotype in the kindred, the 
type of mutation [12] and in vitro assays to determine its functional effect [13, 14]. Several authors 
have studied tumours from TP53 mutation carriers for loss of the wild-type allele (loss of 
heterozygosity, LOH) and accumulation of TP53 protein, with variable patterns of LOH and 
immunohistochemical staining of TP53 protein in target organs [15, 16]. In general, the presence 
of LOH and accumulation of TP53 protein strengthens the belief of a mutation being 
pathogenic, albeit the absence of LOH and TP53 staining can not exclude pathogenicity.  

We describe a cancer family in which a germline Arg213Gln TP53 mutation was 
identified. Twelve out of 15 affected family members were mutation carriers. The carriers 
exhibited a variety of common cancers without a clear-cut early onset of disease.  
We evaluated the tumour spectrum, the functional effect of the germline TP53 mutation, somatic 
genetic alterations and the possible contribution of other genetic defects in this family.  
 
Patients and methods 

The index patient  (Fig.1, III-20) developed unilateral breast cancer at the age of 42 years. 
Her maternal family history was positive for various types of malignancy. Medical data on 
affected family members, including surgical and pathology reports, was collected. Tumours for 
which tissue samples were available were reviewed. Informed consent for DNA-analysis of the 
TP53 gene, and when applicable other genes, was obtained after BRCA1, BRCA2 testing showed 
no mutation in the index patient. After the identification of a germline TP53 mutation in the 
proband, almost all other cancer patients were tested for this mutation.  
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Pedigree of the family with the germline Arg213Gln TP53 mutation   
 
→ index patient; ■: male with documented malignancy; □: male unaffected; ●: female with documented malignancy; 
○: female unaffected;  : deceased; : diagnosis based on family history 
Abd: abdominal cancer, B: breast cancer, Br: brain tumour, C: colorectal cancer, K: kidney (renal cell) cancer, L: 
Lung cancer, M: melanoma, Mes: mesothelioma, O: ovarian cancer, P: prostate cancer, St: stomach cancer, T: thyroid 
cancer; C42: age at diagnosis, d…: age at death 
+: mutation carrier; (+): obligate mutation carrier; -: non-carrier 
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Selected family members were also tested for germline mutations in CHEK2,  MLH1, 
MSH2 and MSH6.  DNA was isolated from peripheral lymphocytes according to standard 
procedures. From four deceased affected family members DNA was isolated from archival tissue 
samples. Mutation analysis of the TP53 gene was performed by sequence analysis of all coding 
exons (2-11) and flanking intron-exon boundaries of these exons using standard procedures. 
Multiplex ligation-dependent probe amplification (MLPA) was performed on 5 samples, to 
exclude additional TP53 deletions or duplications (TP53 MLPA KIT of MRC-Holland) [17]. 
Details on primers and PCR conditions are available on request. The frequency  of the identified 
TP53 germline mutation was assessed in a control group of 135 anonymous blood donors, using 
denaturing gradient gel electrophoresis (DGGE).   

The functional effect of the TP53 germline mutation was evaluated in four family 
members – three TP53 mutation carriers and one affected family member without the TP53 
germline mutation - by functional analysis of separated alleles in yeast (FASAY) using RNA 
isolated from blood lymphocytes [13, 14].   

LOH (loss of heterozygosity) studies were performed on tumour tissue from five affected 
mutation-carriers. The presence or absence of the wild-type TP53 allele was determined by  DNA 
sequencing of TP53 exon 6, the allele ratio of the normal versus mutated allele in the tumour 
compared to normal DNA.  To determine whether the other TP53 allele in the tumour was 
mutated by a different independent mutation, other codons were sequenced as well in one 
tumour showing LOH.  

Immunohistochemical staining of the TP53 protein was performed in tumour and normal 
tissues from nine affected mutation carriers, using the mouse monoclonal antibody DO7, 
according to standard procedures. (Dako, Glostrup, Denmark).  Staining of the TP53 protein 
stands for the presence of aberrant protein, in a normal situation immunohistochemical staining 
of the TP53 protein is absent.  

Microsatellite instability was evaluated in tumour tissue of 4 individuals affected by 
colorectal cancer using 5 microsatellite markers as described [18] and immunohistochemical 
staining of the MLH1, MSH2 and MSH6 proteins was performed in these 4 individuals. 
 
 
Results 
The pedigree data fulfil the criteria of Li-Fraumeni-like syndrome as defined by Birch et al. [2]. 
The pedigree of the LFL family is depicted in Figure 1, with a summary of the clinical data of 
affected family members given in Table 1. 10 out of 13 tested family members affected by cancer 
had a germline mutation in codon 213 of TP53, exon 6: nt 638 G>A, Arg213Gln, two additional 
affected family members were obligate carriers. The three patients who did not exhibit the gene 
defect on repeated examination were patient III-13, who had colorectal cancer at the age of 43 
years, patient II-8, who had breast cancer at 64 and colorectal cancer at 83 years of age and 
patient III-6, who developed rectal cancer at the age of 58 years. The father of the index patient 
(partner of II-7) died without a previous history of cancer, there was no history of cancer in his 
family. No mutations were found in specific cancer susceptibility genes (BRCA1, BRCA2, 
CHEK2,  MLH1, MSH2 and MSH6)  tested in selected family members (Table 1).  

The mean age at diagnosis of TP53 mutation carriers with a documented malignancy was 
58.4 years (range 42-71 years). When we include the ages at diagnosis of patients for whom only 
family history data are available ( I-1, I-2, II-2, II-4, II-9, II-10, II-13, II-15, III-10, III-14 and IV-
3) or mutation analysis could not be performed (III-9), the mean age was 50,6 years (range 3-81 
years). The mean age at diagnosis of the three affected non-carriers was 62 years (range 43-83 
years). Of 36 unaffected family members tested, 10 mutation carriers were identified at a mean 
age of 41,4 years (range 21 to 53 years).  
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TABLE 2. LOSS OF HETEROZYGOSITY AND IMMUNOHISTOCHEMICAL STAINING OF 
TP53 PROTEIN IN TISSUES 

TP53 staining pattern Pedigree 
number 
(Fig.1) 

Tumour type Loss of 
wild-
type 
TP53 
allele 

Other 
somatic 
mutations Tumour tissue Normal tissue 

II-6 Ovarian cancer   Positive ± (sporadic cells) 
II-7 Colon cancer Yes   Positive ± 
II-14 Stomach cancer   Positive ± 
II-16 Breast cancer No  Positive Positive 
III-11 Mesothelioma No  Positive Positive 
III-17 Kidney cancer No  Positive ± 
III-18 Melanoma Yes No Positive ± 
III-20 Breast cancer   Positive Positive 
III-39 Kidney cancer   Positive ± 

TABLE 1. CLINICAL DATA,  TP53 GERMLINE MUTATION ANALYSIS, TP53 FUNCTIONAL 
TESTING (FASAY), MLPA AND INVESTIGATION OF ADDITIONAL GENES IN FAMILY 
MEMBERS WITH DOCUMENTED MALIGNANCIES 

Additional DNA mutation 
testing 
 

Pedigree 
number 
(Fig.1) 

Tumour type (age at 
diagnosis, yrs) 

Arg213Gln 
TP53 
germline  
mutation 
 

FASAY MLPA 

BRCA 
1/2 

CHEK2 MLH1/ 
MSH2/ 
MSH6 

MSI/ IHC* :
MLH1/ 
MSH2/ 
MSH6 

II-6 Ovarian carcinoma 
(59) 

Carrier§       

II-7 Breast carcinoma(68) 
Colon carcinoma(71) 

Carrier§      Stable/  
+ / + / + 

II-8 Breast carcinoma( 64) 
Colon carcinoma (83) 

Non-
Carrier§ 

     Stable/  
+ / + / + 

II-14 Stomach carcinoma 
cardia (71) 

Carrier Pos Neg  Neg   

II-16 Breast mucinous 
carcinoma (69) 
Renal cell carcinoma 
(mixed papillary/clear 
cell) (71) 

Carrier  Neg  Neg    

III-6 Rectal carcinoma (58) Non-carrier     Neg Stable/ 
- / + / + 

III-9 Astrocytoma (28) Not tested       
III-11 Mesothelioma (55) Carrier  Neg  Neg    
III-13 Colon carcinoma (43) Non-carrier Neg Neg  Neg  Neg Stable/  

+ / - / - 
III-17 Renal cell (papillary) 

carcinoma (47) 
Thyroid carcinoma 
(52) 

Carrier Pos      

III-18 Melanoma (46) Carrier Pos      
III-20 Breast carcinoma (42) Carrier  Neg Neg  Neg    
III-25 Lung carcinoma (55) 

Stomach carcinoma 
(59) 

Carrier     Neg  

III-39 Renal cell (clear cell) 
carcinoma (53) 

Carrier       
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No TP53 deletions or duplications were demonstrated by MLPA in 5 family members 
tested (Table 1). The Arg213Gln TP53 mutation was absent in 135 control individuals. Six 
controls carried a known silent polymorphism, Arg213Arg, in the TP53 gene.  
  The yeast-based assay (FASAY), which can distinguish inactivating mutations from 
functionally silent mutations in exons 4 to 10, showed that the mutated allele lacks biological 
transcriptional activity (Table 1).  

Loss of the TP53 wild type allele was found for 2/5 tumours from mutation-carriers 
(Table 2). In the two tumours showing LOH, all TP53 exons were sequenced. Only in one 
sample, DNA was of sufficient quality to evaluate, no (additional) somatic mutation was found.  

Immunohistochemical TP53 staining was found for all 9 tumours from mutation-carriers, 
3 of the 9 adjacent normal tissues stained positive, the other six showed sporadic positive cells.   

There was no microsatellite instability in the 4 colorectal tumours tested, in 2 colon 
tumours all 3 MMR proteins stained positive, in 1 colon tumour MSH2 and MSH6 staining was 
negative and in the rectal tumour, MLH1 staining was negative.  
 
 
Discussion 
In the family reported here a wide variety of tumours occurred. The pedigree data fulfil the 
criteria of Li-Fraumeni-like syndrome [2]. Several results suggest that the germline Arg213Gln 
TP53 mutation is a causative factor for the cancer phenotype in this family: 1) this specific 
mutation was found previously in an LFS family [5] and has also been reported as somatic 
mutation in malignancies [5], 2) in the kindred under investigation the mutation was found in 
12/15 cancer patients, 3) the specific mutation is located within codon 213, which is one of the 6 
codons harbouring 46% of all TP53 missense mutations [12], 4) an in vitro test demonstrated that 
the mutation has a functional effect,  5) the mutation was absent in healthy controls and 6) tests 
for other cancer susceptibility genes in selected patients were negative. 

Many of the tumour types in the family we investigated are common cancers including 
melanoma, breast, ovarian, colorectal, stomach and renal cell carcinoma. There was no clear-cut 
early age at onset of disease. In fact, 79% of all documented malignancies of the TP53 mutation 
carriers occurred after 50 years of age and 36% after 60 years of age. Some of the cancers may 
simple be sporadic due to environmental influences and chance, especially those malignancies 
which developed above the population median ages. The picture is somewhat biased towards 
adult tumours due to the fact that we were not able to confirm the two brain tumours occurring 
in childhood and the two colorectal tumours occurring in early adulthood. Additionally, no 
mutation analysis could be performed in the brain tumour occurring at 28 years of age (III-9). 
The complete pedigree data is suggestive for a predisposition not only for adult-onset but also for 
childhood-onset malignancies. The association of a TP53 germline mutation with relatively late-
onset common cancers has not been documented before [8, 11]. It has been suggested, however, 
that in some families with TP53 mutations there may be a lower cancer risk and later onset of 
tumours suggesting that deleterious TP53 mutations may be more frequent in the population 
than generally assumed [10].  

The fact that we detected the TP53 germline mutation in cancer patients is not sufficient 
proof that the cancer is in fact caused by the mutation. Therefore, we studied tumours of 
mutation carriers to investigate this issue. We found loss of heterozygosity for some tumours, 
immunohistochemical TP53 staining for all cancers and TP53 staining of normal tissue in three 
mutation carriers. Although these results should be interpreted with caution, they are in tune with 
the TP53 germline mutation being an underlying cause of disease in this kindred (e.g., it is 
consistent with LOH found in about 50% of tumours of pathogenic TP53 mutation carriers 
[19]). Family members who carried the TP53 germline mutation, underwent screening procedures 
for occult malignancies, including renal ultrasound. This led to the diagnosis of renal cell cancer 
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in II-16 and III-39. So far, no other malignancies have been found by screening of mutation 
carriers. 

The specific missense mutation in this family leads to relatively late onset malignancies, 
confirmed by the fact that 10 mutation carriers are without any malignancy. It must be noted 
however, that the average age of these healthy mutation carriers is significantly lower 
(independent samples t-test, p=0,013) than the average age at diagnosis of cancer is this family. If 
the penetrance of this mutation is reduced, the mutant protein product might still have some 
residual functional activity, although the functional test showed a lack of transcriptional activity. 
However, the only other family reported in the TP53 mutation database [5] with the same 
mutation had, according to the limited information provided, early-onset malignancies and 
fulfilled the classic criteria for LFS. The fact that this specific mutation is only rarely found in 
published high penetrance LFS/LFL mutation families, could be explained by a low penetrance 
phenotype in other families not examined thus far. Our data are not in agreement with the 
studied genotype-phenotype correlations in LFS/ LFL families by Birch et al. [20], who found a 
higher penetrance and earlier age at onset for missense point mutations in the core DNA binding 
domain of TP53 in comparison with families harbouring mutations leading to truncated or non-
functional proteins. 

The effect of the Arg213Gln TP53 mutation in the family presented here may be 
modified by other genetic and/or environmental factors. Alternatively, the picture might be 
complicated by the existence of mutations in other cancer susceptibility genes. Due to the 
occurrence of  breast, ovarian and colorectal cancer in the family we indeed tested selected 
patients for mutations in other susceptibility genes known to be associated with these tumour 
types: BRCA1, BRCA2, CHEK2 and the DNA-mismatch repair (MMR) genes  MLH1, MSH2 
and MSH6. BRCA1 and BRCA2 are associated primarily with breast and ovarian cancer, MLH1,  
MSH2 and MSH6 with  HNPCC and CHEK2 with breast and colorectal cancer [21]. No 
germline alterations in these genes were found. The colorectal cancers showed no microsatellite 
instability, in 2 tumours the immunohistochemical staining was abnormal but in three patients 
tested (including the two patients with abnormal staining in tumour tissue), no MLH1, MSH2 or 
MSH6 mutations were found. Therefore, there is no positive evidence for involvement of the 
MMR genes in these cancers [22]. BRCA1 and BRCA2 was only tested in the youngest breast 
cancer patient. The other breast cancer patients developed breast cancer at an older age in 
combination with a different malignancy, not typical for BRCA1 or BRCA2. Renal malignancies 
reported in multiple family members have been associated with many syndromes including Von 
Hippel-Lindau syndrome and Birt-Hogg-Dubé syndrome. In this family there are no clinical signs 
which would suggest one of these syndromes. 

On the basis of our observations, we propose that the detected mutation contributes 
considerably to the cancer risk in this large family, although not as severely as previously reported 
for Li-Fraumeni families or other Li-Fraumeni-like families. If more such families with a reduced 
penetrance and later average age of onset exist, they might remain unnoticed due to the generally 
applied restrictive policies for TP53 mutation testing.  
More research is needed to confirm the existence of (other) low penetrance TP53 germline 
mutations. 



TP53 in clinical practice 
 
 

83 

Reference List 
 

 (1)  Li FP, Fraumeni JF, Jr., Mulvihill JJ, Blattner WA, Dreyfus MG, Tucker MA, Miller RW. A cancer family 
syndrome in twenty-four kindreds. Cancer Res 1988 Sep 15;48(18):5358-62. 

 (2)  Birch JM, Hartley AL, Tricker KJ, Prosser J, Condie A, Kelsey AM, Harris M, Jones PH, Binchy A, 
Crowther D, Craft AW, Eden OB, Evans DGR, Thompson E, Mann JR, Martin J, Mitchell ELD, 
Santibanez-Koref MF. Prevalence and diversity of constitutional mutations in the p53 gene among 21 Li-
Fraumeni families. Cancer Res 1994 Mar 1;54(5):1298-304. 

 (3)  Malkin D, Li FP, Strong LC, Fraumeni JF, Jr., Nelson CE, Kim DH, Kassel J, Gryka MA, Bischoff FZ, 
Tainsky MA, Friend SH. Germ line p53 mutations in a familial syndrome of breast cancer, sarcomas, and 
other neoplasms. Science 1990 Nov 30;250(4985):1233-8. 

 (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 1990 Dec 20;348(6303):747-9. 

 (5)  Olivier M, Eeles R, Hollstein M, Khan MA, Harris CC, Hainaut P. The IARC TP53 database: new online 
mutation analysis and recommendations to users. Hum Mutat 2002 Jun;19(6):607-14. 

 (6)  Bougeard G, Brugieres L, Chompret A, Gesta P, Charbonnier F, Valent A, Martin C, Raux G, Feunteun J, 
Bressac-de Paillerets B, Frebourg T. Screening for TP53 rearrangements in families with the Li-Fraumeni 
syndrome reveals a complete deletion of the TP53 gene. Oncogene 2003 Feb 13;22(6):840-6. 

 (7)  Varley JM. Germline TP53 mutations and Li-Fraumeni syndrome. Hum Mutat 2003 Mar;21(3):313-20. 
 (8)  Birch JM, Alston RD, McNally RJ, Evans DG, Kelsey AM, Harris M, Eden OB, Varley JM. Relative 

frequency and morphology of cancers in carriers of germline TP53 mutations. Oncogene 2001 Aug 
2;20(34):4621-8. 

 (9)  Kleihues P, Schauble B, zur Hausen A, Esteve J, Ohgaki H. Tumors associated with p53 germline 
mutations: a synopsis of 91 families. Am J Pathol 1997 Jan;150(1):1-13. 

 (10)  Varley JM, McGown G, Thorncroft M, James LA, Margison GP, Forster G, Evans DG, Harris M, Kelsey 
AM, Birch JM. Are there low-penetrance TP53 Alleles? evidence from childhood adrenocortical tumors. 
Am J Hum Genet 1999 Oct;65(4):995-1006. 

 (11)  Nichols KE, Malkin D, Garber JE, Fraumeni JF, Jr., Li FP. Germ-line p53 mutations predispose to a wide 
spectrum of early-onset cancers. Cancer Epidemiol Biomarkers Prev 2001 Feb;10(2):83-7. 

 (12)  Olivier M, Goldgar DE, Sodha N, Ohgaki H, Kleihues P, Hainaut P, Eeles RA. Li-Fraumeni and related 
syndromes: correlation between tumor type, family structure, and TP53 genotype. Cancer Res 2003 Oct 
15;63(20):6643-50. 

 (13)  Ishioka C, Frebourg T, Yan YX, Vidal M, Friend SH, Schmidt S, Iggo R. Screening patients for 
heterozygous p53 mutations using a functional assay in yeast. Nat Genet 1993 Oct;5(2):124-9. 

 (14)  Flaman JM, Frebourg T, Moreau V, Charbonnier F, Martin C, Chappuis P, Sappino AP, Limacher IM, 
Bron L, Benhattar J, Tada M, Van Meir EG, Estreicher A, Iggo RD. A simple p53 functional assay for 
screening cell lines, blood, and tumors. Proc Natl Acad Sci U S A 1995 Apr 25;92(9):3963-7. 

 (15)  Sedlacek Z, Kodet R, Seemanova E, Vodvarka P, Wilgenbus P, Mares J, Poustka A, Goetz P. Two Li-
Fraumeni syndrome families with novel germline p53 mutations: loss of the wild-type p53 allele in only 
50% of tumours. Br J Cancer 1998 Apr;77(7):1034-9. 

 (16)  Trkova M, Foretova L, Kodet R, Hedvicakova P, Sedlacek Z. A Li-Fraumeni syndrome family with retained 
heterozygosity for a germline TP53 mutation in two tumors. Cancer Genet Cytogenet 2003 Aug;145(1):60-
4. 

 (17)  Schouten JP, McElgunn CJ, Waaijer R, Zwijnenburg D, Diepvens F, Pals G. Relative quantification of 40 
nucleic acid sequences by multiplex ligation-dependent probe amplification. Nucleic Acids Res 2002 Jun 
15;30(12):e57. 

 (18)  Umar A, Boland CR, Terdiman JP, Syngal S, de la Chapelle A, Ruschoff J, Fishel R, Lindor NM, Burgart 
LJ, Hamelin R, Hamilton SR, Hiatt RA, Jass J, Lindblom A, Lynch HT, Peltomaki P, Ramsey SD, 
Rodriguez-Bigas MA, Vasen HF, Hawk ET, Barrett JC, Freedman AN, Srivastava S. Revised Bethesda 
Guidelines for hereditary nonpolyposis colorectal cancer (Lynch syndrome) and microsatellite instability. J 
Natl Cancer Inst 2004 Feb 18;96(4):261-8. 

 (19)  Varley JM, Thorncroft M, McGown G, Appleby J, Kelsey AM, Tricker KJ, Evans DG, Birch JM. A 
detailed study of loss of heterozygosity on chromosome 17 in tumours from Li-Fraumeni patients carrying 
a mutation to the TP53 gene. Oncogene 1997 Feb 20;14(7):865-71. 

 (20)  Birch JM, Blair V, Kelsey AM, Evans DG, Harris M, Tricker KJ, Varley JM. Cancer phenotype correlates 
with constitutional TP53 genotype in families with the Li-Fraumeni syndrome. Oncogene 1998 Sep 
3;17(9):1061-8. 

 (21)  Meijers-Heijboer H, Wijnen J, Vasen H, Wasielewski M, Wagner A, Hollestelle A, Elstrodt F, Van Den Bos 
R, de Snoo A, Tjon AF, Brekelmans C, Jagmohan S, Franken P, Verkuijlen P, van den Ouweland A, 
Chapman P, Tops C, Moslein G, Burn J, Lynch H, Klijn J, Fodde R, Schutte M. The CHEK2 1100delC 



Chapter 5 
 

84 

Mutation Identifies Families with a Hereditary Breast and Colorectal Cancer Phenotype. Am J Hum Genet 
2003 May;72(5):1308-14. 

 (22)  Hendriks Y, Franken P, Dierssen JW, De Leeuw W, Wijnen J, Dreef E, Tops C, Breuning M, Brocker-
Vriends A, Vasen H, Fodde R, Morreau H. Conventional and tissue microarray immunohistochemical 
expression analysis of mismatch repair in hereditary colorectal tumors. Am J Pathol 2003 Feb;162(2):469-
77. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



TP53 in clinical practice 
 
 

85 

 
 
 
 

                                               Chapter 5.2 
 

 

 

 
 
 
 
 
 
Two TP53  germline mutations in a classical  
Li-Fraumeni Syndrome family 
 
Mariëlle W.G. Ruijs1,3,4,  Liselotte P. van Hest2,4, Anja Wagner2, Conny A. van der Meer2, 
Senno Verhoef1, Laura J. van ’t Veer1, Hanne Meijers-Heijboer2 

 

1Family Cancer Clinic, The Netherlands Cancer Institute, Amsterdam, The Netherlands 
2Department of Clinical Genetics, Erasmus Medical Center, Rotterdam, The Netherlands 
3Department of Clinical Genetics and Human Genetics, VU University Medical Center, Amsterdam, The 
Netherlands 
4These authors contributed equally to this work. 
 
 
 
 
Familial Cancer 2007;6(3):311-6 
 



Chapter 5 
 

86 

Abstract 
Li-Fraumeni syndrome (LFS) is an autosomal dominantly inherited cancer predisposition 
syndrome characterized by a combination of tumors including sarcoma, breast cancer, brain 
tumors, adrenocortical carcinoma and leukemia. Germline mutations in the tumor suppressor 
gene TP53 are associated with LFS. We present a family with LFS in which initially a novel 
germline TP53 intron 5 splice site mutation was found.  A second germline TP53 mutation, the 
exon 7 Asn235Ser (704AG) mutation, was detected in this family through pre-symptomatic 
DNA testing. This latter mutation has been reported repeatedly in the literature as a pathogenic 
mutation involved in LFS. We provide evidence for pathogenicity of the novel intron 5 splice site 
mutation, whereas this evidence is lacking for the exon 7 Asn235Ser (704AG) mutation. Our 
findings emphasize the importance of performing additional tests in case of germline sequence 
variants with uncertain functional effects. 
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Introduction 
Li-Fraumeni syndrome (LFS) was first described in 1969 [1] as a hereditary cancer predisposition 
syndrome characterized by the occurrence of bone and soft tissue sarcoma, breast cancer, brain 
tumors, adrenocortical carcinoma and leukemia. Germline mutations in the TP53 tumor 
suppressor gene on chromosome 17p13 were associated with LFS in 1990 [2]. About 75% of 
clinical LFS-families carry a TP53 germline mutation, and 40% of families with the less stringent 
criteria of Li-Fraumeni-like syndrome (LFL) [3]. So far, 283 different pathogenic germline 
mutations have been reported of which 74% are missense mutations and 4% splice site mutations 
[4].  

LFS is a very rare disease, and therefore it is not surprising that thus far only one family 
with more than one germline mutation has been reported [5]. Quesnel et al. described a child 
with a rhabdomyosarcoma at two years of age and a brain tumor at age 10 who carried three 
different TP53 germline alterations (R290H on one allele and R156H/R267Q on the other allele). 
Individual analysis of each mutant indicated that they separately have either a weak mutant 
phenotype or no mutant phenotype at all. However, the R156H/R267Q double mutant had a 
strong mutant behavior [5, 6].  

TP53 knock out mice are viable and are usually born without any observable gross 
defects, but then rapidly develop a variety of tumors, including sarcomas and other tumors 
commonly seen in LFS [7-9]. 

We here describe a classical LFS family with two germline TP53 mutations; one novel 
splice site mutation, and one missense mutation that had been classified as a pathogenic germline 
mutation before. 
 
Patients and methods 

The family (Figure 1) was of Dutch ancestry and presented at the department of Clinical 
Genetics at Erasmus MC, Rotterdam. Family history data were confirmed through medical 
records and pathology reports. Informed consent was obtained from the patients or from a first 
degree relative in case the patient was deceased. DNA was isolated from peripheral lymphocytes 
according to standard procedures.  

From deceased affected family members DNA was extracted from paraffin embedded 
blocks of the tumor. Screening for TP53 germline mutations was performed by sequence analysis 
of all coding exons (2-11) and flanking intron-exon boundaries.  

The functional effect of the germline mutations was examined by FASAY, a yeast-based 
assay studying the biological transcriptional ability of p53 [10].  

In a control group of 150 anonymous blood donors the presence of both mutations was 
analyzed by denaturing gel electrophoresis (DGGE).  

Immunohistochemical staining was performed in 7 affected family members to assess the 
presence of the p53 protein, using the mouse monoclonal antibody DO7, according to standard 
procedures. (Dako, Glostrup, Denmark).  

Two splice site prediction programs were applied to examine the two mutations 
(NetGene2 Server and BDGP Splice Site Prediction by Neural Network [11, 12]).  

The conservation throughout evolution of the mutational spots and the polarity status of 
the normal and mutated amino acids were studied.  

Two TP53 mutation-databases were checked: the IARQ TP53 database [4] and the p53 
Soussi mutation database cancer [4, 13]. 
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Figure 1  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pedigree of the studied family 
 
 
Square symbols indicate males, round symbols indicate females, diamond symbols indicate individuals of 
unknown sex, line across symbol means deceased individual. Tumor type and age at diagnosis of the 
tumors are indicated below the individual identifiers. When a question mark follows the diagnosis, this 
indicates affected individuals with diagnosis by family history,  all other diagnosis are confirmed by 
pathology reports. PaC=pancreatic cancer, Abd=abdominal cancer, ca=cancer of unknown origin, 
LuC=lung cancer, PrC=prostate cancer, CRC=colorectal cancer, Brain=brain tumor, Sarc=sarcoma, 
Larynx=laryngeal carcinoma, intron 5 and exon 7 are the two different mutations tested for, + = mutation 
present, - = mutation absent. 
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Results 
The pedigree is depicted in Figure 1 and further clinical details are outlined in Table 1. 

The family was clinically diagnosed with Li-Fraumeni syndrome. Based on the family history, it 
seemed likely that individual II-10 might have had a de novo TP53 mutation, which he 
subsequently had passed to the majority of his offspring (individual II-10 and his offspring, 
further called core-family). Another hypothesis would be the presence of a germline mosaicism in 
individual II-10 or his spouse.  

A novel intron 5 splice site mutation (IVS5-1 GA) was found in the index patient 
(pedigree number III-4). This TP53 mutation segregated with the disease; the 5 affected family 
members of the core family of whom DNA was available were carriers (pedigree numbers II-10, 
III-4, III-7, III-8 and III-12). The mutation was inherited paternally. The sister of the father who 
developed pancreatic cancer at 69 years of age (pedigree number II-1) did not carry the intron 5 
mutation. One healthy individual was shown to be a carrier at the age of 29 years.  

FASAY analysis showed that the intron 5 mutation lacks biological transcriptional activity 
(photo of data not shown).  

In 300 control alleles the intron 5 germline mutation was not found. 
Immunohistochemical staining for p53 was negative in all tumors of the carriers of the intron 5 
mutation. A phenomenon more frequently observed for TP53 splice site mutations.  

Two splice site prediction programs confirmed that the effect of this mutation is splicing 
out of exon 6, leading to a frameshift with a transcriptional stop early in exon 7. The IVS5-1 
affects a 100% conserved splice acceptor site. 

The exon 7 missense mutation, Asn235Ser (704AG), was initially detected in a 
presymptomatic test of relative III-10. The mutation did not segregate with the disease as 4 out 
of 5 cancer patients from the core-family did not carry this mutation, while three healthy women 
were found carriers at the ages of 47, 51 and 83 years (pedigree numbers III-10, III-11 and II-11, 
the last one being an obligate carrier). The single affected carrier in the core family (pedigree 
number III-8) developed a sarcoma at 36 years and laryngeal carcinoma at 48 years. The 
Asn235Ser mutation turned out to be maternally transmitted as individual II-13 carried this 
mutation. She developed colorectal cancer at 62 years of age. Interestingly, the healthy daughter 
of this woman (pedigree number III-15), who’s daughter died of a leiomyosarcoma of the face, 
tested negative for the exon 7 mutation.  

FASAY analysis showed that the Asn235Ser mutation had normal transcriptional activity 
(photo of data not shown). In 300 control alleles this mutation was found once. 
Immunohistochemical staining for p53 was negative in tumor material of both affected mutation 
carriers, including the tumor of the patient with both germline mutations (pedigree number III-
8).  

Two different splice site prediction programs were unanimous in their prediction that the 
Asn235Ser mutation did not create a cryptic splice site. Orthologous, the Asparagine on this spot 
is conserved in mouse and rat but not in certain fish. Of note, some fish have a Serine instead of 
Asparagine at this spot. Paralogous, the Asparagine is conserved in TP51, TP63 and TP73. The 
polarity of the amino acids Asparagine and Serine is similar.  

The Asn235Ser mutation was reported 5 times in the TP53 germline mutation databases 
screened. 
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Table 1. Clinical data and mutation analysis 
 
 
Patient Diagnosis Age 

of 
onset

Intron 5: IVS 5-
1G>A 

Exon 7: 
Asn235Ser (704 
AG) 

II-1 pancreatic 
adenocarcinoma 

69               - (t)             - (t) 

II-2 abdominal cancer, 
not verified  

>50   

II-9 cancer, not verified >50   
II-10 small cell lung 

carcinoma  
51               + (t)            - (t) 

II-11 healthy, 83 years of 
age 

 not tested not tested, 
obligate carrier 

II-12 prostate cancer,  
not verified 

67   

II-13 adenocarcinoma of 
colon transversum 

62               - (t)           + (t) 

III-2 oligodendroglioma 41   
III-3 osteosarcoma of the 

humerus 
22 material not suitable 

for analysis 
 

material not 
suitable for 
analysis, suspicion 
wild type 

III-4 pancreatic 
adenocarcinoma 

52            + (b)           - (b) 

III-5 lymphosarcoma of 
the kidney 

2   

III-6 this girl died at the 
age of twelve 
months, reason 
unknown 

   

III-7 anaplastic 
oligodendroglioma 

40              + (t)           - (t) 

III-8 leiomyosarcoma 
right leg 
laryngeal carcinoma 

36 
 
48 

             + (t)          + (t)  

III-10 healthy, 51 years of 
age 

              - (b)          + (b) 

III-11 healthy, 47 years of 
age 

              - (b)          + (b) 

III-12 rabdomyosarcoma, 
retroperitoneal  

11             + (t)          - (t) 

III-15 healthy, 67 years of 
age  

             - (b)          - (b) 

IV-x healthy, 29 years of 
age 

             + (b)          - (b) 

IV-11 leiomyosarcoma of 
the face 

25 not tested not tested  

 
Not verified = diagnosis by family history, >50 = age of onset over 50 years, t = tested on DNA isolated 
from tissue, b = tested on DNA isolated from blood, + = mutation present, - = mutation absent, not 
tested = mutation analysis not performed 
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Discussion 
We here present a LFS family with, at first sight, two pathogenic germline TP53 

mutations. Additional tests, however, showed that one of them was highly unlikely to be 
causative to the disease phenotype. 

The novel TP53 intron 5 splice site mutation (IVS5-1 G>A) was first detected. We 
considered this mutation causative to LFS in view of its co-segregation with the 5 affected cases 
in the core-family, its functional consequence (stop of transcription early in exon 7), and the 
100% conservation of this splice acceptor site throughout evolution. We therefore offered the 
family presymptomatic testing for this mutation. In the process, surprisingly, a missense mutation 
in exon 7 Asn235Ser (704AG) was detected, which had been classified before as a pathogenic 
germline mutation in multiple reports (see table 2)[14-18]. In order to provide meaningful 
diagnostic genetic testing within this family, we defined the predicted contribution of each of the 
mutations to the disease phenotype in more detail.  

In summary, all data obtained on the novel intron 5 mutation pointed towards a causative 
association of this mutation with LFS within the core-family. 

In contrast, the exon 7 Asn235Ser mutation did not segregate with disease in the core-
family as only 1 out of 5 affected cases carried this mutation while three healthy individuals were 
found carriers at ages 47, 51 and 83 years. Of note, a third-degree relative of the core-family who 
died of leiomyosarcoma at age 25 years was also excluded as a carrier. The immunohistochemical 
staining of the two tumors of carriers of the Asn235Ser showed no expression of p53, while 
positive staining is commonly seen for a pathogenic missense mutation [19]. Although generally 
codon 100 to 300 is called the DNA binding domain, codon 235 is not directly involved in 
DNA-binding; it is located in between two domains that interact extensively to provide DNA 
contacts [20]. Therefore, this mutation was likely not to affect the DNA-binding properties of 
p53. Indeed, normal results, DNA-binding properties and transcription activation, were obtained 
by FASAY.  

The Asn235Ser mutation has been reported in the germline five times before (table 2) 
[14-18]. None of the authors of these reports found the mutation in a classical LFS family. The 
authors unfortunately performed no functional assays, or determined its prevalence in healthy 
controls. Still, three out of these five reports classified the mutation as pathogenic. Diller et al. 
[14] and Auer et al. [17] based their conclusion on the fact that the mutation had been described 
as a somatic mutation in cancer before. Huusko et al. [18] described a LFL family with this 
mutation. The predominant cancer type in this family was breast cancer and no BRCA1 or 
BRCA2 mutation was identified. They claimed the mutation to be pathogenic on the basis of 
results in the tumors regarding loss of heterozygosity of the TP53 locus and p53 
immunohistochemistry, and on the fact that the mutation had been associated with cancer 
predisposition before by Diller et al.[14] and Cornelis et al.[15]. To note, the mutation did co-
segregate; two out of three patients in this family were tested. Both were carriers, however, also 
two healthy adults were carrier. Ponten et al. [16] concluded the mutation to be a rare 
polymorphism. He found the Asn235Ser in a 72 year old male with two basal cell carcinoma’s in 
which he found also two somatic TP53 mutations. Cornelis et al. [15] recommended functional 
assays to determine the pathogenic nature of this mutation. 

Soussi et al. [6] studied all somatic TP53 mutations of the TP53 mutation database 
(http://p53.curie.fr) by using very extended functional assays. They analyzed the transactivation 
activity of the mutations with respect to eight promotors and compared the activity to p53 wild 
type (wt) activity. The Asn235Ser mutation was described 14 times as a somatic mutation, 6 times 
in combination with another somatic mutation. The mean activity of Asn235Ser on 8 promotors 
was 86% of wt activity, well above their cut off point for pathogenic mutations (<20% of wt 
activity).  
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Table 2.  Literature overview germline TP53 exon 7 Asn235Ser (704 AG) mutation  
 
 

 
HBOC= hereditary breast and ovarian cancer, LuC= lung cancer, LFL-family= Li-Fraumeni-like family, RMS= 
rhabdomyosarcoma, BrC= breast cancer, yr= years, BCC= basal cell carcinoma, bil= bilateral, neg= negative, OvC= 
ovarian cancer, Ep= ependyoma, -  = not applicable, ND= not done, LOH= loss of heterozygosity, IHC= 
immunohistochemical staining, pos= positive, BRCA1/BRCA2= BRCA1 and BRCA2 mutation analysis 
 
 
 
Besides the fact that Asparagine is conserved in paralogs, all data provide evidence that 
Asn235Ser is a rare polymorphism or at best a low penetrance allele rather than a pathogenic 
mutation for LFS. It is remarkable that this mutation is found often in combination with another 
(either somatic or germline) mutation.  
Our case report illustrates potential pitfalls in clinical genetic testing for cancer susceptibility. In 
order to provide optimal accurate risk assessment in cancer susceptibility testing, critical literature 
study is a prerequisite. We showed the importance of confirmation of carrier status of all affected 
family members once a pathogenic mutation within the family is found. Also, in case of sequence 
variants with uncertain functional consequences, additional tests are mandatory before genetic 
testing is offered in clinical settings.   

Electronic-database information 

NetGene2 server (splice site finder), www.cbs.dtu.dk./services/NetGene2/ 

BDGP splice site prediction by Neural Network, www.fruitfly.org/seq_tools/splice.html 

IARQ TP53 database, http://www-p53.iarc.fr/ 

p53 Soussi mutation database cancer, http://p53.free.fr/ 
 

Author Familial 
diagnosis 

Index/ 
age at 
diagnosis 

Family 
history 

Segregation LOH IHC BRCA1
BRCA2 

Remarks

Diller 
1995  

Single case RMS 
19 months  

neg  - ND ND  - follow up 
19 yr 

Corneli
s 1997 

HBOC BrC 26 yr, 
recurrence 
30 yr 

mother 
OvC, 
sister BrC 
 

ND first tumor 
neg, 
recurrence 
pos 

pos ND second 
somatic  
TP53 
mutation  
(G245V) 

Ponten 
1997 

Single case BCC  
72 yr 

neg  - pos neg  - follow up 
8 yr 
2 other 
somatic  
mutations  

Auer 
1999 

LuC 
family 

LuC 39 yr 2 brothers 
LuC at 42 
yr and 65 
yr 

ND ND ND  - smoking 
60  
pack/yr 

Huusk
o 1999 

LFL-
family 

bil BrC 57 
yr 

sister BrC 
43 yr,  
nephew 
Ep 19 yr 

nephew Ep 
19 yr: carrier 
two healthy 
adults: carrier 

BrC: neg 
Ep: pos 

BrC: 
pos 
Ep: 
neg 

neg  
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Discussion and future perspectives 
 
The main objective of this thesis was to evaluate Li-Fraumeni syndrome in the Netherlands and 
propose recommendations for TP53 mutation analysis and surveillance of TP53 mutation 
carriers. 
 
When should TP53 mutation analysis be performed? 
One of the aims of this thesis was to present an overview of all families who have been tested for 
TP53 germline mutations in the Netherlands and to determine which families carried a TP53 
germline mutation.  
In most study populations published to date, the LFS[1]- and LFL[2]-criteria have been used for 
initiating TP53 mutation analysis. More recently, in 2001, Chompret et al. proposed criteria for 
mutation analysis, in which multiple primary cancers and certain sporadic tumours were included 
as well[3]. These criteria were updated in 2009 by including lung bronchoalveolar cancer in the 
LFS tumour spectrum and sporadic choroid plexus carcinoma, irrespective of family history. In 
addition, the age limits were revised [4].  
 
As described in Chapter 2, we tested 180 index patients for TP53 germline mutations and 
identified 24 mutation-positive families (13%). One hundred and five families fulfilled the revised 
Chompret criteria, 11 families the LFS criteria and 36 the LFL criteria. The 105 families fulfilling 
the revised Chompret criteria included 10 of the 11 classical LFS families and 32 of the 36 LFL 
families. In total 70 of the 180 families did not fulfil any of these three criteria, two carried TP53 
germline mutations (2.9%).  
Based on our data and data from literature we recommend the revised Chompret criteria for 
DNA testing, because these criteria give the highest sensitivity for mutation detection, compared 
to using the LFS/LFL criteria. In addition, a reasonable mutation detection rate of 21% was 
reached. With the revised Chompret criteria, 105 families would have been tested (105/180, 21%) 
and 22 of the 24 mutation-positive families in the Netherlands would have been detected 
(sensitivity 92%). With the LFS and LFL criteria, 18 of the 24 mutation families would have been 
detected (sensitivity 75%). No mutations were found in the 5 LFS/LFL families which did not 
fulfil the revised Chompret criteria. The only two families that would have been missed with the 
revised Chompret criteria are the families of a child who developed a rhabdomyosarcoma at 4 
years of age and a woman who developed breast cancer at 24 years of age, respectively. In both 
families a second-degree relative was affected with cancer: the grandfather of the child with 
rhabdomyosarcoma died of cancer at the age of 69 years (type of tumour unknown), the 
grandmother of the woman who developed breast cancer died of breast cancer at 37 years of age. 
Five years after detecting the TP53 germline mutation in the patient who developed breast cancer 
at 24 years of age, the mother of the patient developed a sarcoma at 61 years of age and turned 
out to be a carrier of the TP53 germline mutation as well. In literature, the mutation detection 
rate for sporadic childhood sarcoma was reported to be 3-9% [5-7], for women with breast 
cancer before 36 years of age 0-7% [4, 8, 9]. On the basis of these data we suggest to consider 
TP53 germline mutation testing for children with sarcoma and women with breast cancer before 
30 years of age (without a BRCA1 or BRCA2 mutation). In 2008 Bougeard et al. [10] suggested 
including sporadic breast cancer before 36 years of age as part of the Chompret criteria, but it 
was not included in the revised Chompret criteria 2009 [4] due to the low mutation detection rate 
(4%). Recently, 95 women who developed breast cancer before 30 years of age were tested for 
TP53 germline mutations; no mutations were found [8].  
In summary, the TP53 mutation detection rate for sporadic early onset breast cancer is very low. 
However, the number of young women who developed breast cancer and were tested for TP53 
germline mutations is small, in our series only 13 women with breast cancer under 36 years of age 
were included. In addition, breast cancer is one of the tumours most often found in TP53 
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mutation carriers (24.8%-35% of all tumours in TP53 mutation carriers [9, 11]). Larger series of 
young women with breast cancer should be tested to determine the true mutation detection rate. 
In our series, collecting bias is conceivable, since only families were included who had been 
referred to a clinical genetics centre and had been offered and accepted TP53 mutation testing. 
The number of families who did not seek, nor had been offered or refused genetic counselling 
and TP53 mutation testing was not known. Therefore, our findings should be used with caution 
in different settings. 
The question remains whether the potential benefits of knowing that one is a TP53 mutation 
carrier outweighs the possible disadvantages. The psychological distress that might be induced by 
TP53 genetic testing and the low mutation detection rate were the reasons breast cancer under 36 
years of age was not included in the 2009 version of the Chompret criteria [4]. On the other 
hand, a delay in the diagnosis of a possible second malignancy and the exposure to radiation can 
be avoided for these young women. Therefore, it would be interesting to know the actual 
psychological distress that is imposed on these women when TP53 genetic testing is offered.  
 

Psychological impact of TP53 germline mutation testing 
So far, limited data on the uptake of presymptomatic testing for TP53 mutation families and the 
psychological impact of TP53 germline mutation testing and the knowledge of being a TP53 
germline mutation carrier is available, due to the small number of TP53 mutation carriers 
detected worldwide. In three studies on psychological consequences of TP53 testing and the 
initiation of presymptomatic testing , the uptake varied between 25% and 40% [12-14], the 
populations studied, however, were small (16, 57 and 57 individuals, respectively). In the Dutch 
families the uptake was over 50% (personal communication, dr. E. Bleiker). About a quarter of 
the family members (with at least a 50% risk of being a mutation carrier) who participated in the 
psychological part of the Dutch study reported increased levels of distress. These increased levels 
of distress were present in all participants, mutation carriers (both affected and unaffected), non-
carriers and the at risk group that did not undergo TP53 mutation analysis. (Lammens et al. 
manuscript in preparation 2009). Dorval et al. [15] found that the participants were accurate in 
predicting their emotional reactions upon disclosure of their test results and that a correct 
prediction was associated with psychological adjustment when the test result was known.  
The uptake for TP53 mutation analysis in the Dutch series is higher than the uptake for mutation 
analysis in Huntington families ([16]) and comparable with the uptake of BRCA1 or BRCA2 
mutation-positive families ([17])). On average, 2 to 3 individuals/TP53-positive family indeed 
sought presymptomatic mutation testing; in one family 38 individuals were included. When this 
family was excluded, 1.2 individual/TP53-positive family did seek presymptomatic mutation 
testing. 
 
Other genes and LFS 
Since in LFS/LFL the mutation detection rate is not 100%, a second aim of this thesis was to 
look for possible candidate genes for TP53-negative Li-Fraumeni syndrome families. To date, no 
mutations have been found in candidate genes tested in these TP53-negative families, i.e. BAX, 
Bcl10, CDKN2A, PTEN, CHEK1 and TP63 [18-25]. The CHEK2 gene also does not seem to be 
an alternative major LFS gene, as discussed in Chapter 3. CHEK2 gene mutations may, however, 
explain the occurrence of breast cancer and possibly other tumours in TP53-negative families 
which fulfil the LFS/LFL criteria for some of the affected family members. If these family 
members had not been affected, the family would not be suspected of LFS. Others showed 
linkage of one locus on chromosome 1q in 4 LFS families (LOD scores >3.00), in which the 
TP53-locus was excluded, but a causative gene has not yet been identified [26]. In the future, 
many more low-penetrance genes, which contribute to LFS/LFL, may be detected. Since no 
other LFS gene besides TP53 has been found so far, it will be interesting to see whether the 
TP53-negative LFS/LFL families can, at least partly, be explained by low penetrance genes.  
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Variation in penetrance and expression 
Some TP53 germline mutations show different clinical expression in different families.  
A possible explanation for the variation in penetrance and expression can be the involvement of 
modifier genes. Because it was recently shown that a single nucleotide polymorphism in the 
MDM2 gene, SNP309 (T>G variation), was associated with an earlier age of tumour onset in 
LFS patients who carry a TP53 germline mutation[27], we wanted to evaluate this finding in our 
study population (Chapter 4). To enlarge our study population, 11 Finnish TP53 mutation 
carriers were included. Additionally, we investigated whether the SNP309 G allele plays a role in 
the Dutch TP53 negative LFS and LFS-suspected patients. No difference was seen in the mean 
age of tumour onset in patients with either of the SNP309 alleles in TP53-negative families. 
However, this TP53-negative group did show a significantly higher percentage of SNP309 
homozygotes (G/G) compared to the general population (p = 0.02), suggesting this allele 
contributes to cancer susceptibility in LFS and LFS-suspected TP53-negative families. For TP53-
positive families, the presence of the SNP309 G allele led to a 16 year earlier age of onset 
compared to the absence of the SNP309 G allele.  In addition, the TP53-72Arg polymorphism 
might be related to an earlier age of onset in TP53 mutation carriers [28]. Since further 
confirmation is needed, these observations are not implemented in clinical practice yet.  
In conclusion, some modifier genes seem to influence penetrance and expression in TP53 
mutation carriers. In the future, other genes might be identified which influence the phenotype of 
TP53 mutation carriers. 
 
Counselling and screening 

Chapter 5 addresses the complexities in counselling TP53 mutation families. A family with 
relatively late-onset common cancers in which a novel TP53 germline mutation was detected is 
described in Chapter 5.1. A surveillance program was started based on the tumour types 
occurring in affected family members. As a consequence, in two mutation carriers kidney cancer 
was detected early by ultrasound screening. In chapter 5.2 a classical LFS family with two TP53 
germline mutations is described. One of these mutations, a missense mutation for which the 
pathogenicity remains unclear, was described before in the literature. In the family described, the 
missense mutation was found in two healthy family members and one affected family member. 
The affected family member also carried the other TP53 germline mutation. In addition, a 
functional test showed normal p53 transcriptional activity and the missense mutation was found 
once in anonymous healthy controls. Therefore, we defined this specific TP53 germline mutation, 
p.Asn235Ser, as a rare neutral variant or at best a low penetrance allele rather than a pathogenic 
mutation for LFS, which of course has great implications for clinical practice.  

Screening TP53 mutation families is complicated by the different sites and types of cancer found 
in these families and the difficulties of finding appropriate screening modalities. We proposed the 
following surveillance procedures and recommendations for TP53 mutation families as described 
in the Addendum: 
* Yearly surveillance is optional. Information about early signs of cancer should be given. 
* Yearly breast cancer screening from 20-25 years. Because mammography might have 

adverse effects through radiation, although the dose is low, screening by MRI might be a 
good alternative [29-32]. However, in the Netherlands, there is no consensus on the use 
of mammography and MRI or MRI alone 

* An individual screening program can be considered for each family, based upon the 
tumour types occurring in the TP53 mutation carriers in that particular family. 

* Avoidance of CT scanning, because of the relatively high radiation dose. 
* Avoidance of radiotherapy whenever possible. Tumour development has been reported 

in the radiotherapy field used for treatment of the first tumour [33-35]. 



Chapter 6 
 

100 

Currently, mammography and MRI are used as screening modalities for TP53-positive and 
BRCA1/2-positive families. In general, exposure to mammographic X-rays confers a risk of 
radiation-induced breast cancer. The risk is dependent on the age (younger age confers a higher 
risk) during exposure and the number of X-rays [30, 36]. It has not been established whether the 
risk is higher for TP53 mutation carriers than the general population. These data are available for 
BRCA1/2 mutation carriers as mentioned in chapter 1.7. Some of the studies showed an 
association between exposure to chest X-rays and breast cancer risk for BRCA1/2 mutation 
carriers[37, 38], others did not [39, 40]. The next question will be, is MRI a good alternative for 
mammography in TP53 mutation carriers. This may depend on the type of breast tumours in 
LFS. Mammography is the imaging study of choice to detect microcalcifications associated with 
ductal carcinoma in situ (DCIS).  In our study population, 21 female mutation carriers developed 
29 breast tumours: 19 invasive ductal carcinomas, 6 DCIS, 1 lobular carcinoma, 1 phyllodes 
carcinoma and two breast tumours of unknown histology. The proportions of the different 
histologies in TP53 mutation carriers is comparable with the proportions in the general 
population. The 6 DCIS tumours in our study were all grade II or III; the higher grade of DCIS 
are likely to be detected with MRI. Kuhl et al. [41] found that 98% of high grade DCIS were 
detected with MRI alone, 52% were detected with mammography alone. But the 2 tumours 
missed with MRI (2/89) were detected by mammography.  

Since LFS is a rare syndrome and many specialists are involved in the management of TP53-
positive families, decision-making regarding diagnosis and management of Li-Fraumeni families 
is preferably done in multidisciplinary (family) cancer clinics. 

 
Strengths and limitations of the Li-Fruameni cohort study 
This study allowed comprehensive evaluation of 180 families who were counselled for LFS in the 
Netherlands between 1995 and 2008. Although this is likely to be only a proportion of all LFS 
and LFS-suspected families in the Netherlands, and we have no information on the extent of the 
group of families who did not seek counselling, the number of 180 families does allow us to draw 
some general conclusions. Thus, for instance, in this comprehensive overview we could for the 
first time assess the clinical usefulness of the recently established revised Chompret criteria [4]. 
Although intended,  the size of the population studied still did not allow us to investigate the 
relationship between radiation exposure and increased risk for tumour development in TP53 
mutation carriers. Further international collaboration would allow investigations into, for 
instance, radiation and LFS. 
 
Future perspectives 
Our study on the usefulness of the revised Chompret criteria should be confirmed in different 
international study populations. 
Screening of young breast cancer cases for TP53 mutations is not generally included in the 
criteria used for TP53 germline mutation testing, because of the low mutation detection rate, 0-
7% [4, 8, 9] and the psychological distress induced by TP53 germline mutation testing. On the 
other hand, breast cancer screening is a possibility and treatment options may differ for TP53 
mutation carriers. In addition, radiotherapy could be avoided for TP53 mutation carriers and 
family members can be informed about the possibly increased cancer risks. So far, the mutation 
detection rate has only been determined for small groups of young women: 0%-7% for women 
under 36 years of age. It seems important to study further the proportion of TP53 mutation 
carriers among these young patients, since this may affect their clinical management. Clearly, 
international collaboration is needed to acquire series of sufficient size to study this issue. 
As mentioned above, the psychological impact of TP53 mutation testing is largely unknown and 
therefore the results of an ongoing study that specifically assesses the psychological consequences 
in our Dutch TP53-positive study cohort (Dr. E. Bleiker, PhD C. Lammens, NKI-AVL) are of 
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great interest and will be published in the near future. Their findings should be confirmed in 
different study cohorts of sufficient size.  
Furthermore, more data will become available on the possibly hazardous effects of 
mammography when mammographic screening is started at young age as well as the number of 
tumours that might be missed if mammography is no longer used as a screening tool. When these 
data become available, it will be possible to decide whether to use mammography and MRI or 
MRI alone for screening TP53 mutation carriers. 
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Summary 
 
Chapter 1 provides a general introduction to the Li-Fraumeni syndrome. Frederic P. Li and 
Joseph F. Fraumeni studied the possible association between childhood-onset sarcoma and breast 
cancer, after the referral of two cousins who both developed rhabdomyosarcoma in childhood. 
Subsequently, Li and Fraumeni suggested the existence of a new familial cancer syndrome with a 
predisposition to sarcoma, breast cancer, brain tumour, adrenal cortical carcinoma and leukaemia. 
In literature, various clinical criteria for Li-Fraumeni Syndrome (LFS) have been proposed, as 
listed in Table 1. LFS patients are at risk for multiple primary tumours: about 27% - 50% of LFS 
patients develop a second primary tumour.  
In 1990 germline TP53 mutations were found in LFS kindreds and DNA analysis became 
available. Because germline TP53 mutations were also detected in families not fulfilling the LFS 
criteria, less stringent criteria for “Li-Fraumeni-like” (LFL) syndrome were defined. The LFL 
criteria were also based on the familial occurrence of cancer and included three affected family 
members. Subsequently, in 2001, Chompret et al. defined a novel set of criteria, updated in 2009, 
that included indications for TP53 analysis in sporadic cancer patients. Table 1 gives an overview 
of the LFS, LFL, Chompret en revised Chompret criteria.  
According to the literature, about 75% of LFS families, 40% of LFL families and 30% of families 
fulfilling the 2001 Chompret criteria carried pathogenic TP53 germline mutations. Currently, 423 
TP53 germline mutations have been identified in the IARC mutation database (http://www-
p53.iarc.fr/). The proportion of de novo TP53 germline mutations is between 7 and 24%.  Since 
not all LFS or LFL families carry a TP53 germline mutation, other LFS candidate genes have 
been considered, but at present no alternative LFS genes have been identified. 
In TP53 mutation carriers the life time cancer risk is estimated to be 68%-100%; for women the 
risk is higher than for men. Management of TP53 mutation carriers remains a difficult issue, due 
to the different tumour sites and types of cancer involved and the variable ages of onset. In 
addition, for most LFS/LFL tumour types early detection and treatment are not available. Breast 
cancer surveillance is recommended for all female mutation carriers. It is still controversial 
whether mammography should be avoided due to increased radiosensitivity of TP53 germline 
mutation carriers. An annual clinical review and abdominal ultrasound during childhood are 
advised by some authors, surveillance can be recommended according to the familial phenotype 
(Chapter 5.1). 
The aims of this thesis are highlighted in Chapter 1.9. The main objective of this study was to 
define recommendations for genetic counselling of Li-Fraumeni syndrome families by collecting 
all families tested for TP53 germline mutations in the Netherlands and determine which families 
carry a TP53 germline mutation (Chapter 2). In addition, the CHEK2 gene was screened for 
mutations as a possible candidate gene for TP53-negative Li-Fraumeni syndrome (Chapter 3). 
The SNP309 (T>G variation) in the MDM2 gene was assessed in both TP53-positive and TP53-
negative families to study its effect on age of tumour onset in TP53-positive families and to 
investigate whether it plays a role in TP53-negative families (Chapter 4). The complexities of 
counselling are addressed in Chapter 5 by describing two TP53 mutation families. Finally, the 
collected data led to a guideline for genetic counselling and recommendations for Li-Fraumeni 
syndrome families (Addendum). 
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Table 1. Different criteria for TP53 germline mutation testing 
 
 

 

- a proband with sarcoma diagnosed under the age of 45 years 
AND 
- a first-degree relative with any cancer under 45 years 
AND 

Classical LFS  
criteria  
 

- another first- or second-degree relative with either cancer under 45 
years or a sarcoma at any age          
- a proband with any childhood cancer or sarcoma, brain tumour or 
adrenal cortical tumour under the age of 45 years 
AND 
- a first- or second degree relative with a typical LFS cancer at any age 
AND 

LFL criteria 
 

- a first- or second degree relative in the same lineage with any cancer 
under 60 years     
- a proband affected by a narrow spectrum cancer (sarcomas, brain 
tumours, breast cancer and adrenal cortical carcinoma) before 36 years 
and at least one first or second degree relative affected by a narrow 
spectrum tumour (other then breast cancer if the proband is affected by 
breast cancer) before 46 years or multiple primary tumours 
OR 
- a proband with multiple primary tumours two of which belong to the 
narrow spectrum and the first of which occurred before 36 years 
OR 

2001 Chompret 
criteria  
 

- a proband with adrenal cortical carcinoma whatever the age of onset 
and family history 
- a proband with a tumour belonging to the LFS tumour spectrum (soft 
tissue sarcoma, osteosarcoma, brain tumours, pre-menopausal breast 
cancer, adrenal cortical carcinoma, leukaemia, lung bronchoalveolar 
cancer) before 46 years 
and at least one first or second degree relative with an LFS tumour 
(except breast cancer if the proband is affected by breast cancer) before 
56 years or multiple primary tumours 
OR 
- a proband with multiple primary tumours (except multiple breast 
tumours), two of which belong to LFS tumour spectrum and the first of 
which occurred before 46 years 
OR 

2009 Chompret 
criteria  
 

- a proband with adrenal cortical carcinoma or choroid plexus tumour, 
irrespective of the family history 
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Chapter 2 gives an overview of all known families suspected of harbouring a germline TP53 
mutation in the Netherlands (180 families tested) and the mutation detection rate and sensitivity 
of different selection criteria applied to these families (Table 2). A total of 180 families was 
screened for TP53 germline mutations in the period 1995 to 2008; 24 mutation families were 
detected. In total 105 families fulfilled the revised Chompret criteria, 22 families carried a TP53 
germline mutation (mutation detection rate 21%, sensitivity 92%).  Of the 11 classical LFS 
families 8 families carried a TP53 germline mutation (73%), of the 36 families fulfilling the LFL 
criteria 10 carried a TP53 germline mutation (28%). The sensitivity of the combined LFS/LFL 
criteria was 75% (18/24). 

 

Table 2. 

*Total number of families tested for TP53 germline mutations: 105 + 1 + 4 + 70 = 180 
 
The mutation detection rate for families fulfilling the revised Chompret criteria was 21% with a 
high sensitivity (22 out of 24 mutations would have been detected, 92%). Therefore, we 
recommend performing TP53 mutation analysis in all families fulfilling the revised Chompret 
criteria. The 2 mutations that would not have been found, using these criteria, were detected in a 
child with a rhabdomyosarcoma and a woman who developed breast cancer at 24 years of age. 
Therefore, TP53 germline mutation testing may be considered also for childhood sarcoma and 
breast cancer before 30 years of age without a BRCA1/2 mutation. In the second part of the 
study the different tumour types with their associated elevated risks are described. The relative 
risks to develop pancreatic cancer, colon cancer and liver cancer are significantly increased in 
TP53 mutation carriers. Because metastatic liver disease could not be excluded, only the 
pancreatic and colon cancer might be LFS-component tumours. 
 
The mutation detection rate in families with suspected LFS  is not 100%, which has led to the 
hypothesis of additional candidate genes. In Chapter 3 we present the results of screening for 
CHEK2 germline mutations in our TP53-negative families. We were able to screen 65 Dutch 
TP53-negative candidate patients out of families with suspected LFS (1 LFS family, 35 LFL 
families and 29 LFS-suggestive families) for CHEK2 germline mutations to determine their 
contribution to the LFS/LFL phenotype. Six index patients were identified with a CHEK2 
sequence variant, four with the c.1100delC variant and two sequence variants of unknown 
significance, p.Phe328Ser and c.1096-?_1629+?del. In all four of the c.1100delC families, this 
sequence variant seemed to be associated with breast cancer or breast and colorectal cancer, there 
is no evidence that the sequence variants found caused the complete LFS phenotype in these 
families. In our sample the frequency of the CHEK2 c.1100delC variant was 6.2% (4/65), 
significantly different from that for healthy controls (p=0.006). Our data illustrate that CHEK2 is 
not a major LFS susceptibility gene in the Dutch population, although the CHEK2 gene might be 
a factor contributing to individual tumour development. Therefore, these families with CHEK2 
mutation carriers may subsequently be recognised as having a Li-Fraumeni phenotype. In 

(family) history  Number of 
families (n=180)*  

TP53 positive 
families (n=24) 

Revised Chompret (including 10 LFS and 31 LFL) 105 22 (21%) 
LFS  11 8 (73%)  
                                           LFS not fulfilling revised Chompret  1   0 (0%) 
LFL  36 10 (28%) 
                                           LFL not fulfilling revised Chompret  4  0 (0%) 
LFS-suspected (not fulfilling revised Chompret,  
                          LFS, LFL) 

70 2 (2.9%) 
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addition to the CHEK2 gene, many more modifiers or low penetrance susceptibility genes might 
occur in families showing a Li-Fraumeni phenotype. 
 
The influence of modifier genes might also be an explanation for the variation in clinical 
expression in TP53 mutation families. In 2004 it was shown that a single nucleotide 
polymorphism in the MDM2 gene, SNP309 (T>G variation), was associated with accelerated 
tumour formation in LFS patients who carry a TP53 germline mutation. In Chapter 4  we 
evaluated this finding in our patient population. Furthermore, 11 Finnish TP53 mutation carriers 
were also included to enlarge our study population. Our results confirm the findings. Moreover,  
even a 16-year earlier age of tumour onset was shown for TP53 mutation carriers with a SNP309 
G allele (G/G and G/T) compared to the T/T SNP 309 group. In addition, we investigated 
whether the SNP309 G allele plays a role in the Dutch TP53-negative LFS and LFS-suspected 
patients. The age of tumour onset was not significantly different for SNP 309 G allele patients 
compared to T/T patients in our TP53-negative LFS and LFS-related groups. We did find a 
higher prevalence of MDM2 SNP309 homozygous G/G carriers in the TP53-negative LFS and 
LFS-related patients than in the general population.  These data suggest that homozygosity for 
SNP309 (G/G) contributes to the LFS phenotype, but further confirmation is needed. 
 
In Chapter 5 the complexities of counselling TP53 mutation families are addressed by describing 
two TP53 mutation families. In Chapter 5.1 a kindred is described with late-onset common 
cancers and a p.Arg213Gln TP53 germline mutation. Although the family fulfils the LFL criteria, 
the carriers developed a variety of common cancers without a clear-cut early onset of disease. In 
addition, 10 mutation carriers were without any malignancy (age 21-53 years) and 3 out of 15 
affected family members did not carry the TP53 germline mutation. Therefore, we evaluated the 
functional effect of the germline TP53 mutation and the possible contribution of other genetic 
defects in this family. A functional test (FASAY) showed that the mutated allele lacks biological 
transcriptional activity and no mutations were found in BRCA1, BRCA1, CHEK2, MLH1, 
MSH2 and MSH6 in selected family members. In addition, this specific mutation was previously 
found in a LFS family and has been reported as a somatic mutation; the mutation is located in the 
DNA-binding domain and was absent in healthy controls. On the basis of these results we 
concluded that this p.Arg213Gln TP53 mutation is a causative factor in this family and that 
specific TP53 germline mutations can show reduced penetrance and later average age of onset of 
cancer. In chapter 5.2 a classical LFS family is described in which two TP53 germline mutations 
were detected, an intron 5 splice site mutation and the exon 7 p.Asn235Ser mutation. The latter 
mutation was detected through pre-symptomatic DNA testing in a healthy family member and 
had been reported repeatedly in the literature as a pathogenic mutation. Because the mutation did 
not segregate in our family, the functional test (FASAY) showed normal transcriptional activity, 
the mutation was found once in 300 controls, splice site prediction programs predicted no cryptic 
splice site and the 5 studies reported in the literature did not include functional tests, did not test 
controls and did not have classical LFS families, we conclude that p.Asn235Ser is a rare neutral 
variant or at best a low penetrance allele rather than a pathogenic mutation for LFS. When 
germline sequence variants with uncertain functional effects are detected, additional tests should 
be performed to confirm the pathogenicity of the mutation. 
 
The general discussion in chapter 6 addresses the mutation detection rate and sensitivity of 
different criteria applied to Dutch families suspected of harbouring a TP53 germline mutation. 
We recommend using the revised Chompret criteria because a high sensitivity with a mutation 
detection rate of 21% is achieved, the mutation detection rate for women who develop breast 
cancer before 30 years of age is discussed. In addition, the psychological consequences of TP53 
germline mutation testing are considered. Also, the role of modifiers and low penetrance genes in 
families with a LFS phenotype is evaluated. In addition to the CHEK2 gene and SNP309 in the 
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MDM2 gene, other genes might be identified which influence the familial phenotype of TP53-
negative families and the phenotype of TP53 mutation carriers. Finally,  perspectives on future 
research are presented. 
 
The Addendum provides a guideline for recommendations and management of LFS. This is a 
translation of a Dutch guideline that was drawn up in cooperation with the Dutch foundation of 
detecting hereditary tumours and the Dutch committee of clinical oncogenetics (STOET, WKO). 
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Samenvatting 
 
In mijn proefschrift geef ik een overzicht van het Li-Fraumeni syndroom in Nederland, zowel 
klinisch als moleculair. Het belangrijkste doel van mijn studie was om tot aanbevelingen te komen 
voor genetische counseling in families verdacht voor het Li-Fraumeni syndroom of TP53 mutatie 
families (doel van mijn studie, hoofdstuk 1.9). 
 
In hoofdstuk 1 wordt een algemene introductie gegeven over het Li-Fraumeni syndroom  (LFS). 
Frederick P. Li en Joseph F. Fraumeni bestudeerde de mogelijke associatie van sarcomen op de 
kinderleeftijd en borstkanker, nadat twee neven met een rhadomyosarcoom op de kinderleeftijd 
waren verwezen. Vervolgens opperen Li en Fraumeni de mogelijkheid van een nieuw familiair 
kanker syndroom met een predispositie voor sarcoom (uitgaande van het bot of de weke delen), 
borstkanker, hersentumor, bijnierschorscarcinoom en leukemie. De klinische criteria voor LFS 
staan vermeld in tabel 1. LFS patiënten hebben een verhoogde kans op het ontwikkelen van 
meerdere primaire tumoren: in 27% tot 50% van de LFS patiënten wordt een tweede primaire 
tumor gevonden. In 1990 werden TP53 kiembaan mutaties aangetoond in LFS families en 
sindsdien is DNA-analyse beschikbaar. Omdat er ook TP53 mutaties werden gevonden in 
families, die niet aan de klassieke LFS criteria voldeden, werden minder strenge criteria opgesteld. 
De Li-Fraumeni-like  (LFL) criteria omvatten nog steeds drie aangedane familieleden. Daarom 
werden in 2001 nieuwe criteria voor het verrichten van TP53 diagnostiek opgesteld door 
Chompret, hierbij kwamen ook bepaalde sporadische patiënten in aanmerking voor TP53 analyse. 
De Chompret criteria werden vernieuwd in augustus 2009 waarbij de leeftijden van diagnose 
werden aangepast en het sporadisch voorkomen van choroid plexus carcinoom werd toegevoegd. 
Tabel 1 geeft een overzicht van de LFS, LFL, Chompret en de vernieuwde Chompret criteria. 
In de literatuur wordt in ongeveer 75% van de klassieke LFS families, in 40% van de LFL 
families en in 30% van de families die voldoen aan de Chompret criteria een TP53 kiembaan 
mutatie beschreven. Mutaties in het TP53 gen komen verspreid over het hele gen voor en zijn 
meestal missense mutaties (77,3%). Tot nu toe zijn er 423 TP53 kiembaan mutaties 
geïdentificeerd en weergegeven in de IARC mutatie database (http://www-p53.iarc.fr/). Het deel 
van deze mutaties wat nieuw (de novo) ontstaat wordt geschat tussen de 7 en 24%. Omdat niet in 
alle LFS en LFL families een TP53 kiembaanmutatie wordt gevonden, zijn verschillende 
kandidaatgenen bekeken in families zonder TP53 mutatie, tot dusver is er geen alternatief LFS 
gen geïdentificeerd. De kans om gedurende het leven kanker te krijgen wordt geschat op 68%-
100% voor TP53 mutatie dragers, de kans is voor vrouwen hoger dan voor mannen. Het 
management van TP53 mutatie families blijft een lastige zaak, vanwege de vele tumortypen die op 
afwisselende plaatsen en op verschillende leeftijden kunnen ontstaan. Daar komt bij dat niet voor 
alle tumortypen vroegtijdige opsporing en behandeling beschikbaar is. Controle voor borstkanker 
wordt voor alle vrouwelijke mutatie draagsters geadviseerd, of mammografie vermeden moet 
worden vanwege de stralingsbelasting is nog niet duidelijk. Sommige auteurs adviseren een 
jaarlijkse klinische check-up en echo van de buik gedurende de kinderleeftijd, screening kan ook 
geadviseerd worden aan de hand van de in de familie voorkomende tumortypen (hoofdstuk 5.1). 
De belangrijkste doelstelling van het onderzoek (hoofdstuk 1.9) was om tot aanbevelingen te 
komen voor genetische counseling in Li-Fraumeni syndroom families door alle families, waarin 
TP53 mutatie analyse is verricht in Nederland, te verzamelen en te evalueren in welke families 
daadwerkelijk een TP53 mutatie werd gevonden (hoofdstuk 2). Daarnaast werd het CHEK2 gen 
gescreend op mutaties, als een mogelijk kandidaat gen voor TP53-negatief Li-Fraumeni syndroom 
(hoofdstuk 3). De SNP309 (T>G variatie) in het MDM2 gen werd zowel in TP53-positieve als 
TP53-negatieve families bekeken. In de TP53-positieve families werd gekeken naar het effect op 
de leeftijd van ontstaan van tumoren, in de TP53-negatieve families werd gekeken of de SNP309 
een rol speelt in het bepalen van het fenotype (hoofdstuk 4). De complexiteit van counseling 
wordt in hoofdstuk 5 beschreven aan de hand van twee families. 
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Tabel 1. Verschillende ingangscriteria voor TP53 mutatie analyse 
 

 
 
 

- een proband met een sarcoom gediagnosticeerd voor de leeftijd van 45 
jaar 
EN 
- een eerstegraads familielid met kanker voor de leeftijd van 45 jaar 
EN 

Klassieke LFS  
criteria  
 

- een eerste- of tweedegraads familielid met kanker voor de leeftijd van 
45 jaar of een sarcoom ongeacht op welke leeftijd          
- een proband met een kindertumor of een sarcoom, hersentumor of 
bijnierschorscarcinoom voor de leeftijd van 45 jaar 
EN 
- een eerste- of tweedegraads familielid met een typische LFS tumor 
ongeacht op welke leeftijd 
EN 

LFL criteria 
 

-een eerste- of tweedegraads familielid in dezelfde familietak met kanker 
voor de leeftijd van 60 jaar    
- een proband met een tumor uit  het smalle LFS tumor spectrum 
(sarcoom, hersentumor, borstkanker en bijnierschorscarcinoom) voor de 
leeftijd van 36 jaar 
En tenminste één eerste- of tweedegraads familielid met een tumor uit 
het smalle LFS tumor spectrurm (anders dan borstkanker als bij de 
proband borstkanker is geconstateerd) voor de leeftijd van 46 jaar of 
multiple primaire tumoren 
OF 
- een proband met multiple primaire tumoren waarvan er twee behoren 
tot het smalle LFS tumor spectrum en waarvan de eerste voor de leeftijd 
van 36 jaar is opgetreden 
OF 

2001 Chompret 
criteria  
 

- een proband met bijnierschorscarcinoom ongeacht de leeftijd van 
ontstaan of familieanamnese 
- een proband met een tumor uit het LFS tumor spectrum (sarcoom, 
hersentumor, borstkanker, bijnierschorscarcinoom, leukemie, longkanker 
(bronchoalveolair)) voor de leeftijd van 46 jaar 
En tenminste één eerste- of tweedegraads familielid met een LFS tumor 
(anders dan borstkanker als bij de proband borstkanker is geconstateerd) 
voor de leeftijd van 56 jaar of multiple primaire tumoren 
OF 
- een proband met multiple primaire tumoren (anders dan multiple 
borsttumoren), waarvan er twee behoren tot het LFS tumor spectrum  
en waarvan de eerste voor de leeftijd van 46 jaar is opgetreden 
OF 

Gereviseerde 
Chompret criteria 
2009 
 

- een proband met bijnierschorscarcinoom of een choroid plexus tumor,  
ongeacht de leeftijd van ontstaan of familieanamnese 
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Hoofdstuk 2 geeft een overzicht van alle families (180) die in Nederland getest zijn voor TP53 
kiembaan mutaties, en van de mutatie detectie kans en sensitiviteit voor de verschillende criteria 
waaraan deze families voldeden (Tabel 2). Van 1995 tot 2008 werden 180 families getest, er 
werden 24 mutatie families aangetoond. 105 families voldeden aan de gereviseerde Chompret 
criteria, in 22 families werd een TP53 kiembaan mutatie aangetoond (mutatie detectie kans 21%, 
sensitiviteit 92%). In 8 van de 11 klassieke LFS families werd een kiembaan TP53 mutatie 
gevonden (73%). 36 families voldeden aan de LFL criteria, waarvan 10 families een TP53 
kiembaan mutatie droegen (28%). De sensitiviteit van de klassieke LFS criteria in combinatie met 
de LFL criteria was 75% (18/24). 
 
Tabel 2. 

*Totaal aantal families getest voor TP53 kiembaan mutaties: 105 + 1 + 4 + 70 = 180 
 
De mutatie detectie kans in families die voldeden aan de gereviseerde Chompret criteria was 21% 
met een hoge sensitiviteit (22 van de 24 mutaties zouden opgespoord zijn, 92%). Wij adviseren 
dan ook TP53 mutatie analyse te verrichten in alle families die voldoen aan de gereviseerde 
Chompret criteria. De twee mutaties die niet gevonden zouden zijn als deze criteria waren 
gebruikt, werden aangetoond in een kind, waarbij een rhabdomyosarcoom werd geconstateerd op 
4-jarige leeftijd, en een vrouw, die borstkanker ontwikkelde op 24-jarige leeftijd. Daarom zou 
TP53 mutatie analyse eventueel ook overwogen kunnen worden in het geval van een sarcoom op 
de kinderleeftijd of borstkanker voor de leeftijd van 30 jaar, nadat mutaties in BRCA1/2 zijn 
uitgesloten. In het tweede deel van de studie worden de verschillende tumortypen beschreven 
met bijbehorende kansen om deze tumoren te ontwikkelen ten opzichte van de algemene 
bevolking. Het relatieve risico (RR) om pancreascarcinoom, coloncarcinoom en leverkanker te 
ontwikkelen was significant verhoogd voor TP53 mutatiedragers. Omdat voor één van de twee 
gevallen van leverkanker, levermetastasen in plaats van primair leverkanker niet uitgesloten kon 
worden, zouden alleen pancreas- en coloncarcinoom tumoren kunnen zijn die bij het LFS 
tumorspectrum horen. 
 
De mutatie detectie kans in families verdacht voor LFS is geen 100%, wat geleid heeft tot de 
hypothese dat andere kandidaat genen een rol spelen. In hoofdstuk 3 wordt het CHEK2 gen als 
mogelijk kandidaat gen voor het Li-Fraumeni syndroom  beschreven en de resultaten van 
CHEK2 analyse in onze TP53-negatieve families. CHEK2 analyse  werd verricht in 65 TP53-
negatieve patiënten uit families verdacht voor LFS (één klassieke LFS familie, 35 LFL families en 
29 families suggestief voor LFS) om de bijdrage van het CHEK2 gen aan het LFS/LFL 
phenotype te bepalen. In 6 patiënten werd een CHEK2 variant aangetoond, vier maal de 
c.1100delC variant en twee maal een variant waarvan de betekenis onduidelijk was, p.Phe328Ser 
en c.1096-?_1629+?del. In alle vier de CHEK2 c.1100delC families leek de variant geassocieerd te 
zijn met borstkanker of borst- en darmkanker, zonder bewijs dat de variant het complete LFS 

 
(familie) gegevens 

 aantal families 
(n=180)*  

TP53-positieve 
families (n=24) 

gereviseerde Chompret 
criteria 

(inclusief 10 LFS en 31 LFL 
families) 

105 22 (21%) 

LFS  11 8 (73%)  
                                           LFS maar niet passend in gereviseerde
                                           Chompret criteria      

 1   0 (0%) 

LFL  36 10 (28%) 
                                           LFL maar niet passend in gereviseerde 
                                           Chompret criteria      

 4  0 (0%) 

LFS-verdacht (maar niet passend in gereviseerde       
                        Chompret criteria, LFS, LFL) 

70 2 (2.9%) 



Chapter 7 
 

120 

fenotype in deze families kon verklaren. In onze serie was de frequentie van de CHEK2 
c.1100delC 6.2% (4/65), wat significant verschilde van de gezonde controles (p=0,006). Onze 
data illustreren dat het CHEK2 gen geen kandidaat gen is voor het Li-Fraumeni syndroom in 
Nederland, maar het CHEK2 gen kan wel een factor zijn die bijdraagt aan de ontwikkeling van 
individuele tumoren. Op die manier kan een familie, waarin een CHEK2 mutatie voorkomt, wel 
aan het LFS fenotype gaan voldoen. Naast het CHEK2 gen, kunnen nog vele andere 
modificerende genen of laag penetrante genen een rol spelen in families met een fenotype 
verdacht voor LFS. 
 
De invloed van modificerende genen kan ook een verklaring zijn voor de variatie in klinische 
expressie in TP53 mutatie families. In 2004 werd een associatie beschreven tussen een SNP 
(single nucleotide polymorphism) in het MDM2 gen en het op jongere leeftijd ontstaan van 
tumoren bij TP53 mutatie dragers. In hoofdstuk 4 wordt de evaluatie van deze bevinding in 
onze patiënten populatie beschreven. Om de studie populatie te vergroten, werden 11 Finse 
TP53 mutatiedragers geïncludeerd. Onze resultaten bevestigden de bevinding en lieten zelf een 16 
jaar jongere leeftijd van ontstaan van tumoren zien bij TP53 mutatiedragers met een SNP309 G 
allel (G/G and G/T) ten opzichte van TP53 mutatiedragers met een SNP309 T/T allel. 
Daarnaast werd gekeken of het SNP309 G allel ook een rol speelde in de TP53-negatieve LFS en 
LFS-verdachte patiënten. De leeftijd van ontstaan van tumoren was in deze groep niet significant 
verschillend tussen de SNP309 G allel patiënten en de SNP309 T/T patiënten. Wel werd een 
hogere prevalentie gevonden van homozygote SNP309 G/G dragers in de TP53-negatieve 
families dan in de algemene bevolking. Deze data suggereren dat homozygotie voor SNP309 
(G/G) bijdraagt aan het Li-Fraumeni fenotype, bevestiging van deze bevinding in andere 
populaties is nodig. 
 
In hoofdstuk 5 wordt aan de hand van twee voorbeelden de complexiteit van counseling in 
TP53 mutatie families beschreven. Hoofdstuk 5.1 beschrijft een familie met een p.Arg213Gln 
TP53 kiembaan mutatie waarin veel voorkomende tumoren op relatief latere leeftijd optreden, 
hoewel de familie voldoet aan de LFL criteria. Daarbij werden er in deze familie 10 gezonde 
mutatiedragers gezien, zonder maligniteit (leeftijd 21-53 jaar) and 3 van de 15 aangedane 
familieleden bleken geen mutatiedrager te zijn. Daarom werd het functionele effect van deze 
specifieke mutatie in kaar gebracht en de mogelijkheid van andere genetische defecten, die een rol 
zouden kunnen spelen in deze familie, geëvalueerd. Een functionele test  (FASAY) toonde aan 
dat het gemuteerde allel geen transcriptie activiteit bezit en er werden geen mutaties gevonden in 
BRCA1, BRCA2, CHEK2, MLH1, MSH2 en MSH6 in geselecteerde familieleden. Daarnaast 
werd deze specifieke mutatie eerder gevonden in een klassieke LFS familie en als somatische 
mutatie, bevindt deze mutatie zich in het DNA-bindende domein en werd de mutatie niet terug 
gevonden in gezonde controles. Op basis van deze resultaten werd geconcludeerd dat deze 
p.Arg213Gln TP53 mutatie een oorzakelijke factor is in deze familie en dat specifieke TP53 
kiembaan mutaties kunnen leiden tot een verminderde penetrantie en hogere gemiddelde leeftijd 
van ontstaan van tumoren. Hoofdstuk 5.2  laat een klassieke LFS familie zien waarin twee 
TP53 kiembaan mutaties worden aangetoond, een intron 5 splice site mutatie en de p.Asn235Ser 
mutatie in exon 7. Deze exon 7 mutatie werd gevonden in een gezond familielid, waarbij 
presymptomatisch DNA onderzoek werd verricht. Deze mutatie was al meerdere keren 
gerapporteerd in de literatuur als pathogene mutatie. De exon 7 mutatie segregeerde niet in onze 
familie, een functionele test (FASAY) liet een normale transcriptie activiteit zien en de exon 7 
mutatie werd eenmaal terug gevonden in 300 gezonde controles.  Daarnaast voorspelden splice 
site predictie programma’s geen cryptische splice site en werden in de 5 eerder gerapporteerde 
families met deze mutatie geen functionele testen verricht of controles getest, niet één van deze 5 
families voldeed aan de klassieke LFS criteria. Daarom werd geconcludeerd dat de p.Asn235Ser 
TP53 mutatie een zeldzame neutrale variant is of op zijn hoogst een laag penetrant allel in plaats 
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van een pathogene mutatie voor LFS. Als een kiembaan mutatie wordt gevonden waarvan het 
functionele effect onduidelijk is, zullen altijd aanvullende testen uitgevoerd moeten worden om 
aan te tonen dat een mutatie pathogeen is. 
 
De algemene discussie in hoofdstuk 6 beschrijft de mutatie detectie kans en de sensitiviteit van 
de verschillende criteria die in Nederland gebruikt worden om in te schatten of in een familie een 
TP53 mutatie aanwezig kan zijn. Wij adviseren de gereviseerde Chompret criteria te gebruiken, 
omdat dan een hoge sensitiviteit behaald wordt in combinatie met een mutatie detectie kans van 
21%, de mutatie detectie kans bij vrouwen met borstkanker op jonge leeftijd wordt besproken. 
Daarnaast worden de mogelijke psychologische gevolgen van TP53 mutatie diagnostiek 
beschreven. Ook wordt de rol van modificerende genen en laag penetrante genen in families met 
een LFS fenotype geëvalueerd. Naast het CHEK2 gen en de SNP309 in het MDM2 gen, kunnen 
ook andere genen geïdentificeerd worden die invloed hebben op het familiaire fenotype van 
TP53-negatieve families en op het fenotype van TP53 mutatie dragers. Tenslotte worden 
aanbevelingen gedaan voor toekomstig onderzoek. 
 
De resultaten van dit proefschrift in combinatie met gegevens uit de literatuur hebben geleid tot 
een richtlijn voor Li-Fraumeni syndroom met aanbevelingen voor het verrichten van DNA 
onderzoek, screening en behandeling, weergegeven in het Addendum. Deze richtlijn is tot stand 
gekomen in samenwerking met de werkgroep klinische oncogenetica (WKO) en de Stichting 
Opsporing Erfelijke Tumoren (STOET) in Nederland. 
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LI-FRAUMENI SYNDROME: GUIDELINES FOR DIAGNOSIS AND 
MANAGEMENT 
 
Diagnostic clinical criteria  
Li-Fraumeni syndrome (LFS) [1]: 

1. sarcoma < 45 years, and 
2. cancer < 45 years in a first-degree relative, and 
3. cancer < 45 years or sarcoma at any age in another first- or second-degree relative in 

the same lineage 
 
Li-Fraumeni-like syndrome (LFL) [2]: 

1. childhood cancer or sarcoma, brain tumour or adrenal cortical carcinoma < 45 years, 
and 

2. a typical LFS cancer (sarcoma, breast cancer, brain tumour, leukaemia, or adrenal 
cortical carcinoma) diagnosed at any age in a first- or second-degree relative, and 

3. cancer < 60 years in another first- or second-degree relative in the same lineage 
 
Inheritance pattern:  Autosomal dominant 
 
 
Prevalence: Rare. As of April 2009, in the Netherlands 47 LFS/LFL families 

have been identified. Among 180 families tested 24 (13%) carried a 
pathogenic germline TP53 mutation.  

 
 
Clinical presentation: High risk for a range of malignant tumours at relatively young age; 

the main tumour types are sarcoma, brain tumour, breast cancer, 
leukaemia and adrenal cortical carcinoma. Multiple primary cancers 
are common [1-6]   

 
 
Gene:   TP53 (chromosome 17p13.1) 
 
 
Mutation analysis:  Pathogenic TP53 mutations – mostly missense mutations - have 

been found in up to 75% of LFS and 40% of LFL kindreds [7]. 
Because TP53 germline mutations were also detected in “sporadic” 
patients with early-onset and/or multiple cancers, Chompret et 
al.[8] developed novel criteria for TP53 mutation testing in 2001. 
Tinat et al. revised these Chompret criteria in 2009 [9]. 

 
 
Mutation detection rate: LFS-families [7]   75% 
(in the literature)   LFL-families [7]   40% 
   Chompret criteria [8]   29-36% 
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TP53 germline mutation testing in the Netherlands 
In the Netherlands, from 1995 until April 2008, 180 families were tested for TP53 germline 
mutations. These 180 families were divided into four subgroups by family type: revised Chompret 
criteria, LFS, LFL and LFS-suspected (Table 1). A Venn diagram shows the overlap of families 
fulfilling the LFS, LFL and revised Chompret criteria (Figure 1). In the Netherlands the 
proportion of TP53 mutations in families that fulfil the revised Chompret criteria is 21%, in LFS 
families 73% and in LFL families 28%. The revised Chompret criteria show a sensitivity of 92% 
(22/24), the LFS/LFL criteria show a sensitivity of 75% (18/24). 
 
 
Table 1. Number of families (n = 180) presented for TP53 germline mutation analysis in 
the Netherlands and the TP53-positive results (n = 24) 
 

 
*Total number of families tested for TP53 germline mutations: 105 + 1 + 4 + 70 = 180 
 
 
Figure 1. Venn diagram of families that fulfil the LFS, LFL and revised Chompret 
criteria. 

 
 
Number of families are given, in brackets are the mutation positive families (n=22). 
Two TP53 germline mutations are not included in the figure because they were found in patients that did not 
fulfil the criteria that are shown here. 

(family) history  Number of 
families*  

TP53 positive 
families  

Revised Chompret (including 10 LFS and 31 LFL) 105 22 (21%) 
LFS  11 8 (73%)  
 LFS not fulfilling revised 

Chompret 
 1   0 (0%) 

LFL  36 10 (28%) 
 LFL not fulfilling revised 

Chompret 
 4  0 (0%) 

4) LFS-suspected (not 
fulfilling revised 
Chompret, LFS, LFL) 

 70 2 (2.9%) 

 At least 2 primary tumours  30  0 

 2 first degree relatives with cancer 
(at least 1 typical LFS tumour) 

 19  0  

 early onset sarcoma or brain 
tumour (<21 years) 

 9  1 

 breast cancer before 35 years  12  1  
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Based on the above-mentioned results, i.e. the highest sensitivity for finding a TP53 germline 
mutation and a mutation detection rate above 20%, in combination with data from the literature, 
the following criteria for referral for genetic counselling and TP53 mutation analysis are 
proposed: 
 
Criteria for referral for genetic counselling and TP53 germline mutation testing: 
Families that fulfil the revised Chompret criteria: 

Tumour belonging to the LFS tumour spectrum (sarcoma, brain tumour, pre-
menopausal breast cancer, adrenal cortical cancer, leukaemia, lung 
bronchoalveolar cancer) before 46 years of age, and 
LFS tumour before 56 years of age (except breast cancer when proband had 
breast cancer) or multiple tumours in first- or second-degree relative 
OR 
multiple tumours (except multiple breast tumours), two of which belong to the 
LFS tumour spectrum, the first of which occurred before 46 years of age 
OR 
adrenal cortical cancer  or choroid plexus tumour, irrespective of family history 

 
In case of childhood sarcoma (mutation detection rate 3-9%[10-12]) and breast cancer before 30 
years of age (mutation detection rate 0-8%) TP53 germline mutation testing could be considered. 
 
So far, limited data on the uptake for mutation analysis and the psychological impact of the 
knowledge of being a TP53 germline mutation carrier are available. The uptake for mutation 
analysis varies between 25% and 40% [13-15], the studied population of having a 50% mutation 
carrier risk was small (16, 57 and 57 individuals, respectively). In Dutch families the uptake seems 
to be more than 50% (personal communication, dr. E. Bleiker). Dorval et al. [16] found that the 
participants were accurate in predicting their emotional reactions to disclosure of their test results 
and that a correct prediction was associated with psychological adjustment when the test result 
was known. 
 
Surveillance procedures and other recommendations for TP53 germline mutation carriers 
and their family members 
 

- Yearly surveillance is optional. Information about early signs of cancer should 
be given. 

- Yearly breast cancer screening from 20-25 years. Because mammography 
might have adverse effects through radiation, although low dose, screening by 
MRI might be a good alternative[17-20]. However, in the Netherlands, there is 
no consensus on the use of mammography. 

- An individual screening program can be considered for each family, based 
upon the tumour types occurring in TP53 mutation carriers in that particular 
family. 

- Avoidance of CT scanning, because of the relatively high radiation dose. 
- Avoidance of radiotherapy whenever possible. Tumour development is 

reported in the radiotherapy field for treatment of the first tumour [21-23]. 
 
 
Decision making regarding diagnosis and management in Li-Fraumeni families is preferable done 
in multidisciplinary (family) cancer clinics.  
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Niet altijd was ik er van overtuigd dat ik ooit aan een dankwoord zou beginnen, maar het voelt 
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Veer en Dr. F.H. Menko. Beste Laura, bedankt voor je tijd en energie en je gave om me met je 
enthousiasme uit ieder dipje te halen. Ook tijdens je sabbatical in Amerika kon ik tijdens ieder 
bezoekje aan Nederland bij je binnen vallen. Dank voor je begeleiding. Beste Fred, ook jij 
bedankt voor de begeleiding en tijd om mijn teksten zorgvuldig door te lezen en goede suggesties 
te geven. Altijd wist je weer vele correcties, overigens allemaal terecht, aan te brengen. Excuses 
voor mijn Engels, gelukkig heeft mevrouw Bieger (bedankt!) me een paar keer uit de brand 
geholpen. 
 
Prof.dr. L.P. ten Kate, promotor, beste Leo, fijn dat je mijn promotor wilde zijn.  In 2003 begon 
ik in de VU als ANIOS om in 2004 de opleiding tot klinisch geneticus te starten met jou als 
opleider. Bedankt voor je altijd heldere vragen en commentaar en je altijd hele snelle reacties op 
mijn emails. Ook al is het niet vóór je verjaardag gelukt, ik vind het leuk dat je er als promotor bij 
kunt zijn. 
Prof.dr. J.E. Meijers-Heijboer, promotor, beste Hanne, waar ik mijn opleiding tot klinisch 
geneticus bij Leo begon, heb ik mijn opleiding afgerond met jou als opleider. Bedankt voor je 
stimulerende begeleiding en inspirerende supervisie. Dank voor de tijd die ik mocht nemen voor 
mijn onderzoek en fijn dat je als promotor bij mijn proefschrift betrokken kon zijn. 
 
Daarnaast wil ik natuurlijk de leden van de leescommissie, prof.dr. E. Boven, prof.dr. G.J.L. 
Kaspers, prof. dr.ir. F.E. van Leeuwen, prof. dr. D. Malkin en dr. S. Verhoef, van harte bedanken 
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