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Heterogeneity in Li-Fraumeni families: p53
mutation analysis and immunohistochemical
staining

C MacGeoch, G Turner, L G Bobrow, D M Barnes, D T Bishop, N K Spurr

Abstract
We have screened two families for con-
stitutionalTP53 mutations, onefamilywith
Li-Fraumeni syndrome and the other with
features of this syndrome. We report a
germline mutation in exon 7 of the TP53
gene in the family with "Li-Fraumeni-
like" syndrome. The mutation occurred at
codon 245 and causes a Gly-Ser amino
acid change. It was inherited by both
affected and unaffected subjects. Malig-
nant tumours from all members of this
family showed strong positive nuclear im-
munohistochemical staining with anti-
bodies CM-1 and DOI, directed against
TP53. In contrast, no constitutional TP53
mutations were found in a "classic" Li-
Fraumeni family. In this family positive
staining was seen in both malignant and
normal tissues. These results support pre-
vious findings that variants ofthe Li-Frau-
meni syndrome exist since not all LFS
families carry TP53 germline mutations.
Secondly, immunohistochemical po-
sitivity is not synonymous with an un-
derlying mutation and is therefore
inadequate as an exclusive diagnostic
marker.

(JMed Genet 1995;32:186-190)
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Li-Fraumeni syndrome (LFS) is a devastating
autosomal dominant disorder of multiple can-
cers that are difficult to manage and are often
lethal. Individually, these cancers are clinically
and histopathologically indistinguishable from
their counterparts which arise in the general
population. Approximately 50% of cancers in
reported Li-Fraumeni families occur before 30
years of age. The "classic" Li-Fraumeni syn-
drome is described as the diagnosis ofa sarcoma
before the age of 45 years and at least two first
degree relatives with cancer before 45 years. In
young adults, premenopausal breast cancer is
by far the most common neoplasm. The com-

monest childhood cancers are soft tissue sar-

comas below 5 years of age and osteosarcomas
in adolescence. Acute leukaemia, brain tu-
mours, and carcinomas ofthe adrenal cortex are

often observed in families with this syndrome.'
In 1990, five families with Li-Fraumeni syn-

drome were reported to show germline muta-
tions in the TP53 gene.2 TP53 is generally
classified as a tumour suppressor gene and is
currently the commonest known site ofsomatic
mutations in human cancers. Germline se-

quence alterations in the TP53 gene have also
been detected in families with breast cancer,
sarcomas, and other forms of neoplasia,2 and
in sporadic human tumours of the brain, lung,
liver, oesophagus, and colon.3 Subsequent
studies have shown that germline TP53 muta-
tions occur in some "Li-Fraumeni families""6
but not others.78 All reported germline muta-
tions in TP53 occur within the conserved
regions of the gene with 50% of all mutations
occuring in exon 7; no mutations have been
published outside exons 4 to 9.9 Inherited TP53
mutations probably convey a substantial in-
crease in cancer risk, and knowledge of the
inherited change will have important im-
plications for those family members at risk of
having inherited the gene and for those offering
genetic counselling to the families.

Early onset breast cancer commonly rep-
resented in LFS is the commonest fatal cancer
ofwomen in developed countries. Some famil-
ies show evidence of a dominantly inherited
susceptibility, often only with breast cancer but
sometimes also with ovarian cancer. Among
this latter group, almost all show linkage to a
gene mapping to 17q, BRCA1,'0 as do ap-
proximately 40% of families with apparent sus-
ceptibility only to breast cancer. Several studies
have shown that germline TP53 mutations
occur rarely in hereditary early onset breast
cancer families except in Li-Fraumeni syn-
drome in which it is a feature." 12
We have identified two families which clin-

ically suggest the Li-Fraumeni syndrome. Both
families were analysed immunohistochemically
for the presence of abnormally stabilised pro-
tein and for the presence of germline TP53
mutations.

Materials and methods
FAMILIES
As part of a project to ascertain premenopausal
women with both a personal and family history
of breast cancer, two families were identified
with features of the Li-Fraumeni syndrome.
Blood and tumour samples were obtained from
the probands and from all the available family
members referred to the ICRF Genetic Epi-
demiology Laboratory, St James's University
Hospital, Leeds.
Family 1 fulfils the criteria of "classic" Li-

Fraumeni syndrome. The proband (12) had a
liposarcoma at 13 years with a recurrence at
the age of 18 and developed mammary car-
cinoma at the age of 40. One of her children
(II*3) had a parosteal sarcoma aged 18 and
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carried out using the monoclonal antibody
DO 114 and polyclonal antibody CM-i, using a
peroxidase conjugated streptavidin biotin tech-
nique described in detail elsewhere.'5 Specific
brown staining of nuclei was taken as positive
indication of the presence of an abnormal ac-
cumulation of stabilised p53 protein. Sections
of breast tumour from other sources known to
stain positively for p53 were used as a positive
control and were included in each batch of
staining. Primary antibody was substituted with
phosphate buffered saline (PBS) in duplicate
test sections for negative controls.
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Figure 1 Pedigrees of two families with Li-Fraumeni syndrome. Panel A, family 1 j
the criteria of classic Li-Fraumeni syndrome. Panel B, family 2 exhibits "Li-Fraume
like" series of tumours.

another (II4) a fibrous histiocytoma of E
at 16 years. No other family history is avail
as the proband, I-2, was adopted.
Family 2 (fig 1) shows a "Li-Fraumeni-l

series of tumours in that there were case
early onset breast cancer and a case of a b
tumour but would not satisfy the formal cri1
of Li et al.' The proband (III9) had br
cancer diagnosed at the age of 33. One of
sisters (III- 11) also had breast cancer diagn(
at the age of 43 years. Other cancers wi
the family include an astrocytoma, and cai
of the prostate, ureter, stomach, and bc
malignancies.

DNA ISOLATION AND MUTATION ANALYSIS
DNA was extracted from whole blood usii
sodium perchlorate based DNA extractior
(Nucleon 1 1) from Scotlab, UK. Total geno
DNA from whole blood was amplified by
to obtain products which covered exons
of the TP53 gene as described previous
Possible TP53 mutations within these a]
lified regions were identified by immobilisa
onto magnetic beads followed by direct
quencing. 13

IMMUNOHISTOCHEMICAL STAINING
Immunohistochemical staining of avail:
formalin fixed paraffin embedded tissue

Results
PEDIGREES AND MUTATION ANALYSIS
The pedigrees of the two families are shown
in fig 1, panels A and B. PCR amplification
and direct sequencing of TP53 products cap-
tured on magnetic beads were used to identify

I germline mutations. Initially samples were ana-
WeI lysed for mutations in exon 7 of the p53 gene

where the majority ofLFS mutations have been
identified.

In family 1 no variant band was detected
7> upon sequence analysis of this region. Further

> sequence analysis was undertaken in exons 5
12 to 9 of the TP53 gene. No mutations were

detected in any of the blood samples analysed
from this family.

In family 2, a germline mutation in the TP53
gene was detected. The pedigree and the se-
quence mutation data are shown in fig 2. The

fil5 proband of the family (III-9) had a mutation
at codon 245 in exon 7. Both the wild type
and mutant alleles are present. The mutation
causes a G-A transition at the first position

)one (GGC-AGC) and results in a Gly-Ser amino
[able acid change. The proband's affected sister who

has breast cancer also carries the same mutated
like" allele. An unaffected sib also has the mutation
s of at codon 245. DNA was available from the
)rain parent who had bowel cancer but was found
teria not to show the mutation. However, an affected
reast family member with astrocytoma (III-8) on the
F her other side of the family was shown to carry the
)sed mutation. This indicates that the mutant allele
[thin is inherited through this parental family line.
ncer Both the mutated AGC and the normal GGC
)wel TP53 alleles with respect to codon 245 were

observed in all family members who carried
the mutation.

ng a IMMUNOHISTOCHEMICAL ANALYSIS
l kit It was only possible to investigate three first
mic degree relatives from family 1. The fixed tissue
'CR of the proband (I-2) exhibited positive staining
5-9 with both antibodies in both malignant and
,ly.13 benign epithelial cells. The two children who
mp- had developed tumours both had positive stain-
tion ing in many normal mesenchymal cells, par-
se- ticularly in the osteoblasts and endothelial cells

as well as in the malignant tissues. An example
ofthe staining pattern observed in II-4 is shown
in fig 3.
The staining patterns obtained using anti-

able body CMl in the carcinomas from people
was tested in family 2 is shown in fig 4. Tissue from

A
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Figure 2 Position of TP53 gene mutation for family 2. Sequencing of the region spanning exons 5-8 was performed as described. The region in which
the observed mutation occurred is shown. The boxed in segment from codons 242-248 identifies part of conserved region IV The sequences are read from
bottom to top. The arrow indicates position 245 at which the mutation occurred causing a Gly-Ser amino acid change. Expression of both the mutant
and normal alleles can be seen in each person. Each sample was sequenced at least twice from separate PCR generated templates.
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Figure 3 Immunohistochemical staining for p53 protein
in (A) malignant and (B) normal tissue from II4 in
family 1 who developed a parosteal sacroma at the age of
16. (A) shows the majority of malignant cells staining
positively for p53, (B) shows normal bone marrow with
positively stained osteoblasts, fibroblasts, and endothelial
cells.

a ductal carcinoma in situ was available from
the proband (III9). More than 90% of the
carcinoma cells showed strong nuclear staining
for p53 protein. II4 had an undifferentiated
carcinoma of the prostrate which expressed
prostatic specific antigen and showed p53 nuc-
lear staining in over 75% of the malignant cells.
Material containing undifferentiated car-
cinoma arising in the epithelium of the ureter
was available from II5; 75% of the malignant
cells expressed nuclear p53 protein. Family
member II6 had a gastric carcinoma with both
well differentiated and poorly differentiated
areas. Nuclear p53 expression was seen in more
than 50% of the tumour cells in the well differ-
entiated areas and was present in less than 10%
of the tumour cells in poorly differentiated
areas. Tumour material was not available from
the brain stem astrocytoma in family member
III8. The metastatic adenocarcinoma arising
within a lymph node from III 10 showed posit-
ive staining for p53 protein in more than 75%
of the tumour cells. Family member III 11 had
a grade III infiltrating ductal carcinoma of the
breast in with 50 to 75% of the tumour cells
showed nuclear expression of p53. In addition
to the available malignant tissue there was al-
ways normal tissue available from all family
members, sometimes in the same sample as
the malignant tissue and sometimes in tissue
from other organs. There was no evidence of
staining of normal tissue from five of the six
family members with either antibody. In the
sixth (III9) there were a few areas of weak
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Figure 4 Positive immunohistochemical staining for p53 protein in malignant tissues from six members offamily 2.
(A) Prostatic carcinoma from II4, (B) ureteric carcinoma from II5, (C) gastric carcinoma from II6, (D) lymph node
metastasis from primary adenocarcinoma of unknown orngin from II 10, (E and F) mammary carcinomas from the
proband, III9, and her sister, III11.

positive staining in a small number of normal
epithelial cells adjacent to the tumour.

Discussion
Germline TP53 mutations have been identified
as being the genetic basis of the Li-Fraumeni
syndrome (LFS).24 We report the presence of
TP53 mutation in one "Li-Fraumeni-like"
family (family 2), but not in a family (family
1) satisfying the original criteria of Li and
Fraumeni.'
The mutation found in family 2 was in exon

7 of the gene at position 1 in codon 245 and
caused a Gly-Ser amino acid change. The same
mutation was found in other affected family
members and also in an unaffected person
indicating that the mutation has been trans-
mitted through the germline. This subject is
young and still has a substantial risk of de-
veloping cancer. In contrast, in family 1, no
mutation was found in this region or at any
other position tested within the TP53 gene.
Since this study was finished further analysis
of the p53 gene from family 1 has been carried
out and all the exons have been analysed. No
mutations were identified in exons 1-4 which
were not analysed in this study (R A Eeles,
personal communication). This and other stud-
ies suggest that not all LFS families have de-
tectable germline mutations. For example, San-
tibanez-Koref et a17 have reported germline
mutations in only two out ofeight LFS families.

Originally in that study only the conserved
region in exon 7 was sequenced; however a
further three germline mutations have since
been found by these authors in exons 4, 5,
and 6.'
The presence of positive p53 staining in

malignant tissues is often indicative of an ab-
normally stablised p53 protein. Initially this
stablisation was taken as good evidence of a
mutation within the TP53 gene. However, re-
cent reports""9 have shown that p53 im-
munopositivity is not necessarily synonymous
with a mutation within the gene. In the present
studywe haveperformed immunohistochemical
staining on available formalin fixed paraffin
embedded tissue from our two familites. Both
exhibited similar staining patterns in the malig-
nant cells. Family 1, however, also showed
positive staining in normal epithelial and me-
senchymal cells. No constitutional mutations
were found in this family.
We have described previously a similar find-

ing in a cancer family patient where abnormal
expression of wild type p53 protein was de-
tected in normal cells, particularly in skin sur-
rounding the tumour. Despite extensive
sequencing no mutations were identified and
biochemical analysis of the p53 protein ex-
tracted from cultured normal fibroblasts in-
dicated that the protein was wild type.'6 These
authors have also recently shown positive stain-
ing in keratinocytes in skin overlying benign
hair follicle tumours. Although the staining
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pattern is similar to our own the degree of
staining is not nearly as extensive as that ob-
served in our families. The patient described
by Eeles et al'9 was found to have a mutation
in exon 8 of the TP53 gene whereas members
from our family 1 and our previously described
patient'6 did not show any germline TP53 mut-
ations. In contrast, in family 2, we have found
a germline mutation in six members of a family
classified as "Li-Fraumeni-like". No positive
staining in p53 was seen in normal tissue from
five of the relatives; in the sixth a small number
of normal epithelial cells near the tumour were
weakly positive.
A mutation at codon 245 has been described

previously in other Li-Fraumeni families24 and
Harris20 reviewed the frequency of p53 muta-
tions in tumours and germline which showed
that this region is a hot spot for mutations.
Normal skin fibroblasts from four family mem-
bers of one of their LFS families were analysed
by Srivastava et al4 for the presence of mutant
TP53. All four had the same point mutation
at the second position in codon 245 (GGC-
GAC) causing a Gly-Asp amino acid change.
Low levels of mutant and wild type p53 protein
were detected in NSF cells from the family
members carrying the germline mutation. In
our study, those family members who carried
the TP53 codon 245 mutation showed no evid-
ence of strong staining of normal cells as de-
tected immunohistochemically by the anti-
bodies CM-1 and DO1, although some weak
staining of normal tissue was seen in the prob-
and. These observations perhaps suggest
different functional implications of the types of
TP53 mutations inherited. However, further
cases need to be identified and analysed in
order to address this question.

It is reasonable to assume that the alteration
of the TP53 gene leading to detectable levels
of p53 protein in family 2 is because of the
mutation at codon 245. A number of pos-
sibilities exist that could account for the positive
immunostaining observed in family 1, in-
cluding a mutation elsewhere in the TP53 gene
or a mutation in a regulator element.When
the mechanism is fully elucidated it should then
be possible to explain and perhaps to correlate
the different types of staining patterns ob-
served. However, irrespective of the underlying
causes, it is obvious that immunostaining is not
a satisfactory predictive marker of all mutations
although it does show alterations in the stability
of p53 protein which may reflect altered func-
tion.
These findings have important implications

for predictive testing. It is clear that immuno-
histochemical staining of tumours is sufficient
to identify germline mutations of TP53. Also
the clinical definition used to identify Li-Frau-
meni families is not sufficient to identify all
patients with TP53 mutations.

We are grateful to Dr M A T Williams, ICRF Genetic Epi-
demiology Laboratory, Leeds, for obtaining blood samples from
all of the subjects. We are grateful to Dr R A Eeles for supplying
us with unpublished information on the sequencing of the p53
gene in family 1. We would also like to acknowledge Mrs A
Mills for maintaining the family records and preparing the
pedigree figures.
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