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Chapter 4

Glioblastoma: Germline Mutation of TP53

Haruhiko Sugimura, Hidetaka Yamada, Shinji Kageyama, Yasuhiro Yamamura, Naoki
Yokota, Hiroki Mori, Moriya Iwaizumi, Kazuya Shinmura, Kiyotaka Kurachi, Toshio
Nakamura, Masaru Tsuboi, Masato Maekawa, and Tomoaki Kahyo

Abstract Various brain tumors are components of
familial cancer syndromes, and Li-Fraumeni syndrome
and Li-Fraumeni-like syndromes are the most famous
entities. A rare, sporadic occurrence of brain tumor
in peculiarly young subjects, however, sometimes pro-
vides a clue to understanding of carcinogenesis due to
germline mutations. In this section, two cases of glial
tumors in subjects having germline mutation of TP53
are presented, and genetic etiology of brain tumor is
discussed. The first case is a 41 year-old father of a
fatal -adrenocortical carcinoma case of a 4-years-old
daughter, 16 years prior to the occurrence of astro-
cytoma of himself. The search for family history and
previous clinical records in the four different commu-
nity hospitals for the last three decades and the follow-
ups of his family members disclosed cancer of urinary
bladder, cancer of pancreas, hepatoblastoma, and thy-
moma in the relatives. Germline mutation E286A of
TP53 was identified in the affected members. Another
case is a 21-year-old male, without any family history
of cancer, who suffered from brain tumor and colorec-
tal cancer. An attending physician was sticky to find
an etiology in this unusual occurrence of cancer. After
several attempts in vain, an I195T germline mutation
was identified and functional analysis was performed.
These anecdotes highlight importance of genetic anal-
ysis in case of glial tumors in relatively young adult or
in adolescence whether or not they have family his-
tory of cancer. The problems and strategies to find
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TP53 mutation carriers and to prevent or to delay the
occurrence of the tumors in them are discussed.

Keywords Glioblastoma - Germline mutation - TP53 -
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Introduction

Traditional epidemiological studies have identified few
environmental risk factors for malignant brain tumors
(Osborne et al., 2001), but genetic components of the
etiology of brain tumors, although rare, have been rel-
atively well-defined for glial tumors (Schwartzbaum
et al., 2006). Brain tumors are often accompanied
by a genetic cancer syndrome such as Li-Fraumeni
syndrome (LFS1, OMIM accession 151623), CHEK?2-
related syndrome (LFS2, OMIM accession 609265),
Li-Fraumeni-like syndrome (LFLS), Maffuci syn-
drome (OMIM accession 166000), Olier syndrome
(OMIM accession 166000), tuberous sclerosis (OMIM
accession 191100), or von Hippel-Lindau syndrome
(OMIM accession 193300). The last two of these
syndromes are usually related to tumors having spe-
cific histopathology, subependymal giant astrocytoma
and hemangioblastoma, respectively, but the other
syndromes accompany a variety of glial tumors and
choroid plexus tumors. TP53 is undoubtedly the most
influential genetic factor related to the occurrence
of human brain tumors. In this review, we report
two cases in which a glial tumors was caused by a
germline mutation of TP53. The first case one was
diagnosed in a family in which several members had
suffered from various malignancies for decades and
consulted different community hospitals in the county
where they lived, which had a population of 700,000.
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A definitive diagnosis of Li-Fraumeni syndrome was
finally made by identifying the germline mutation of
TP53 (Sameshima et al., 1992), 20 years after the
first cancer occurred in the family. The second case
was a sporadic case of synchronous colon cancer and
glioblastoma multiforme. TP53 sequencing is not rou-
tine in such cases, and subsequent identification of the
mutation was a very unexpected positive finding. In
this chapter we review the 7P53 germline mutations
identified in glial tumor cases that have been reported
in the literature, and we discuss the importance of func-
tional assessment of the variants. We also address the
issue of genetic testing for TP53 mutations in patients
with glial tumors in situations that would arouse sus-
picion in most experienced clinicians, such as their
occurrence in particularly young persons or clustered
in a family, especially in routine clinical practice, and
we offer perspectives in regard to the management
of TP53 mutant carriers, that may seem bold at the
moment.

Case Reports

Case 1

A 41-year-old male was diagnosed with a gemisto-
cytic astrocytoma (Fig. 4.1a), and a retrospective and
follow-up study of his family over a 40-year period
revealed cases of hepatoblastoma, adrenocortical car-
cinoma, thymoma, pancreatic cancer, and stomach
cancer (Fig. 4.1b). A germline TP53 E286A muta-
tion was identified (Sameshima et al., 1992), and there
was marked TP53 overexpression in the astrocytoma
(Fig. 4.1c). The functional significance of the E286A
mutation is not definitively recapitulated in vitro, but
the DNA-damage-associated dysregulation of the cell
cycle has been investigated in cells derived from carri-
ers (Goi et al., 1997). The spectrum of cancers in this
family is typical of Li-Fraumeni syndrome.

Case 2

A 21-year-old male with no family history of cancer
simultaneously developed symptoms of colorectal can-
cer and a brain tumor at the same time. The brain
tumor was diagnosed as a glioblastoma multiforme

(Fig. 4.1d, e), and marked TP53 overexpression was
detected in the glioblastoma cells. The histological
diagnosis of the colon cancer was well-differentiated
adenocarcinoma (Fig. 4.1f), and TP53 was detected
in the tumor cells (Fig. 4.1g). The curiosity of the
attending physician was aroused by the clinical phe-

notype of this patient, and the physician suspected

one of the genetic syndromes. A tentative diagnosis of
Turcot syndrome was made, but the colon cancer did
not exhibit microsatellite instability. The patient and
his family were very cooperative in regard to further
attempts to determine the etiology of his disease. A
genetic counselor explained several possible etiologies
of the patient’s clinical phenotype and the importance
of conducting a genetic analysis. DNA from the blood
cells of the patient and his healthy parents was used to
sequence the entire germline T7P53, including all of the
exons, and an [195T mutation, which has been known
as a hot spot for somatic mutations, was found as de
novo germline mutation in the patient’s gene but not
in his parents’. This missense variant TP53 is a well-
known somatic mutation but has never been recorded
in Li-Fraumeni syndrome. The locus at the codon
195 has been found to alter transcriptional activity in
a yeast system (Petitjean et al., 2007), and deficient
transactivation capacity has been demonstrated in a
mammalian cell system in vitro by co-transfection with
p53 target molecules (Fig. 4.1h) (Yamada et al., 2009).

TP53 and Glial Tumors

Glial tumors of varying biological grades are often
encountered in both Li-Fraumeni syndrome and
Li-Fraumeni-like syndrome (Pearson et al., 1982;
Santibanez-Koref et al., 1991). Li’s early collection
included 14 brain tumors, 9 of which were gliomas.
All of the patients were under age 45 years old, and
the mode was 15-29 years old (Li et al., 1988).
Germline mutations of TP53 have been one of
the best-known genetic etiologies of human can-
cers, including brain tumors. Cases of human cancer
consistent with and not consistent with Li-Fraumeni
syndrome have been investigated for germline muta-
tions of TP53. The latest database of TP53 germline
mutations (IARC TP53 database, an R14 release,
November, 2009) indicates that 138 of the 1053
recorded germline mutations of 7P53 have occurred
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Fig. 4.1 (a) Astrocytoma, grade 2, gemistocytic, of Case 1.
Hematoxylin-eosin stain; (b) A family pedigree of the Case 1.
An arrow indicates a case of astrocytoma. 1, pancreas cancer
at age 36. 2, bladder cancer at age 20. 3, astrocytoma at 41.
4, hepatoblastoma at 2. 5, hepatoblastoma at 2. 6, thymoma
at 17. Members 3, 5 and 6 were revealed to be carriers of
the 7P53 mutation (Sameshima et al., 1992). Closed circles
and rectangles are carriers identified. The other members were
not tested for TP53 mutation; (¢) TP53 immunostaining of
astrocytoma of the Case 1. Nuclear staining is prominent; (d)
Glioblasoma multiforme of the Case 2. Hematoxylin eosin stain;
(e) Glioblastoma multiforme, anti-glial fibrillary acidic protein
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(GFAP) (f) Adenocarcinoma of the colon in the Case 2; (g) TP53
immunostaining of colon cancer in the Case 2; (h) Transcription
repression by mutant 7P53 in the Case 2. Evaluation of the
transcriptional activation function of p53 by luciferase assay.
p21-, BAX-, and MDM2-luciferase activities were measured in
p53-null H1299 cells transiently transfected with a p53 expres-
sion vector, the firefly luciferase reporter vector pGL4.10, and
the transfection control vector pGL4.74. Values for luciferase
activity are means - standard deviation of three independent
experiments. For each p53-responsive gene, the luciferase activ-
ity of cells transfected with wild-type (wt) p53 was set at 1.0
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in patients with a brain tumor. Even in the absence of
characteristic tumors, such as breast cancer, soft tis-
sue sarcoma, and adrenocortical cancers, which are
the characteristic tumors of Li-Fraumeni syndrome,
there are the cases of familial aggregation, partic-
ularly of brain tumors alone (Kyritsis et al., 1994)
surveyed immortalized lymphocytes derived from the
gliomas of 51 patients and found 7P53 mutations in
6 of them. They proposed that multiplicity (in the
brain and other organs) and a familial history implies
the presence of a TP53 germline mutation, and they
pointed out that 6 subjects in 9 pedigrees were in their
30’s when their glial tumors were diagnosed. These
reports are instructive when we encounter brain tumor
cases in adolescents and young adults in our practice.
More than 20 different germline missense mutations
have been reported in the germline of patients with
glial tumors of various biological grades, ranging from
oligodendroglioma to astrocytoma and to glioblastoma
multiforme.

Is Any Specific Mutation Spectrum
Associated with Brain Tumors?

Examination of the updated IARC database, sug-
gests two questions in regard to the relation between
germline 7P53 mutations and brain tumors. The first
question concerns whether there are germline TP53
mutations that specify the occurrence of a tumor in a
particular organ. Lubbe et al. reported a familial brain
tumor syndrome associated with codon 236 (Lubbe
et al., 1995), and Vital et al. (1998) reported two
families with a cluster of astrocytomas and choroid
plexus tumors caused by codon 248 mutations. The
specific significance of this mutation in these families
seems to have drawn a great deal of attention since
then, but these mutations have never been particularly
questioned as brain tumor-causing germline mutations
(Kleihues et al., 1997) reviewed 91 families with
germline mutations and brain tumors and found an ear-
lier age of onset of their brain tumors than in families
with brain tumors but no germline mutations, but they
were not able to identify any particular spectrum of
germline mutations that tended to be more common in
patients with brain tumors than in patients with tumors
at other sites. The spectrum of somatic 7P53 mutations
has been extensively investigated and widely accepted

as carcinogen fingerprints of the tumors (Hussain et al.,
2000), but there has been little assessment of the spec-
trum of germline 7P53 mutations in terms of a possible
relationship to the specific phenotype of the proband
and the proband’s descendants. Varley summarized
the germline mutations in Li-Fraumeni syndrome and
other syndromes, and claimed to have detected a muta-
tion specificity preferentially associated with adreno-
cortical carcinoma (Varley, 2003). That claim requires
validation by thorough testing of family members, but
the concept of specific germline mutations deserves
further corroboration. In any event, no spectrum of
germline mutations has ever been identified in brain
tumors patients.

The second question concerns whether the brain
tumors that develop in persons with a germline TP53
mutation have any specific characteristics in common.
Bogler (Bogler et al., 1995) reviewed the spectrum of
TP53 mutations in brain tumors and found that loss of
a remaining wild-type allele was the most important
second hit in tumorigenesis and loss of the remaining
wild-type allele was detected in our case 2. His review
focused on the nature of somatic genetic changes in
brain tumors.

Glioblastoma multiforme is one of the targets of The
Atlas of Cancer Genome, prepared in the United States
(Ledford, 2010). Watanabe (Watanabe et al., 2009)
recently reported identifying an R132C mutation of
the IDHI gene in an astrocytoma in a patient with the
Li-Fraumeni syndrome. The recent “next” generation
sequencing has generated tremendous information on
genetic changes in glioblastoma (Verhaak et al., 2010).
IDH gene mutations are one of the most remarkable
discoveries of high-throughput sequencing projects in
regard to glioblastoma in general (Yan et al., 2009),
and since 12% of glioblastomas have been found
to harbor a IDH1 mutation (Parsons et al., 2008),
the IDH1 mutations discovered by Watanabe are not
specific for glioblastoma multiforme associated with
Li-Fraumeni syndrome. The TP53 mutations often
coincide found in germline cells are often the same
as those found in somatic cells. With few exceptions,
the genotype-phenotype relationship in genetic cancer
diseases has not been extensively studied. The land-
scape of somatic genetic changes, including mutations
and copy number amplifications, in tumors that occur
in persons with a particular genetic background will
soon become available, and it will be necessary to wait
until enough cases accumulate to draw conclusions as



