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Figure 1 Partial pedigree of the family. Filled symbols denote affected subjects; open symbols denote asymptomatic subjects; oblique line
denote deceased. Numbers beside symbols are subject identifiers. The ages of unaffected individuals are indicated. For affected subjects, the
tumor type and the age at diagnosis or of death (in parentheses) are indicated. Ca p cancer; y p years; mo p months.
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Early-Onset Brain Tumor and Lymphoma in MSH2-
Deficient Children

To the Editor:
Homozygous germline mutations of MLH1 have been
reported so far in three families with hereditary non-
polyposis colorectal cancer (HNPCC [MIM 114500])
and have been shown to be associated with leukemia or
lymphoma, CNS tumors, and the neurofibromatosis type
I phenotype (Ricciardone et al. 1999; Wang et al. 1999;
Vilkki et al. 2001). More recently, the first case of a
homozygous germline mutation of MSH2 was described
in a child with leukemia and multiple café-au-lait spots
(Whiteside et al. 2002). We report here the incidental
discovery of a new case of MSH2 deficiency, which is
remarkable because of the presentation of the family and
because of the association with an early-onset brain
tumor.

The proband (III.2) and her husband (III.1), of French

origin, were seen for genetic counseling in the dramatic
context of the death of their two children (fig. 1). In-
dividual IV.1 died at age 15 mo from a T mediastinal
lymphoma; her brother (IV.2) died at age 4 years from
a temporal glioblastoma. Their mother and father, age
29 years and 32 years, respectively, had no personal
history of cancer. Although several second-degree rela-
tives of the parents had developed cancers (fig. 1), the
presentation of the family did not fulfill the criteria for
a Mendelian genetic predisposition to cancer. The de-
velopment of a CNS tumor and lymphoma in two sibs
led us to consider initially the hypothesis of Li-Fraumeni
syndrome (LFS) in this family. Since no DNA was avail-
able from the affected children, we analyzed the TP53
gene in both unaffected parents. Sequencing analysis of
TP53 revealed no mutation. Stimulated by our recent
finding of a family with LFS with complete heterozygous
germline deletion of TP53 (unpublished data), we com-
pleted the analysis of TP53 by searching for a similar
defect using quantitative multiplex PCR of short fluo-
rescent fragments (QMPSF) (Charbonnier et al. 2000,
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Figure 2 Detection of the MSH2 alterations. A, Heterozygous deletion of MSH2 exons 1–6 in the father (individual III.1) detected by
QMPSF. The electropherogram of the father (red) was superposed on that of a control individual (blue). The Y-axis displays fluorescence in
arbitrary units, and the X-axis indicates the size in bp. This result was obtained on two independent samples. B, Heterozygous 1-bp deletion
within exon 3 detected in the mother (individual III.2). C, Hemizygous 1-bp deletion within exon 3, detected in the brain tumor developed in
individual IV.2. In panels B and C, sequences correspond to the noncoding strand.

2002). QMPSF analysis of TP53 performed in the father
(III.1) demonstrated that the TP53 gene was not af-
fected, but, to our surprise, revealed a heterozygous de-
letion of MSH2 exon 3 corresponding to the control
amplicon. Therefore, we analyzed, by QMPSF, the 16
exons of MSH2, and this analysis showed the presence,
in the unaffected father, of a heterozygous genomic de-
letion of MSH2 removing exons 1–6 (fig. 2A). We then
sequenced the MSH2 gene in the unaffected mother
(III.2) and identified a 1-bp heterozygous deletion at co-

don 153 within exon 3 (fig. 2B). In the absence of con-
stitutional DNA from the affected children, we se-
quenced MSH2 exon 3 from the glioblastoma DNA of
individual IV.2. As shown in figure 2C, we detected only
the mutant maternal allele, which strongly suggested
that individual IV.2 had received from his father the
mutant allele harboring the exons 1–6 deletion. Haplo-
type analysis at the MSH2 locus confirmed the presence
of two parental MSH2 alleles within the tumor, ruling
out a somatic loss of heterozygosity (data not shown).
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Screening for microsatellite instability (MSI), as rec-
ommended by Boland et al. (1998), revealed no repli-
cation error (RER) phenotype within the glioblastoma.

This case report shows that MSH2 deficiency in hu-
mans can result in early-onset CNS tumors. Homozy-
gous MLH1 mutations have been detected in two chil-
dren who had developed a medulloblastoma (Wang et
al. 1999) and a glioma (Vilkki et al. 2001). Compound
heterozygous mutations of the PMS2 gene, which is
rarely involved in HNPCC, have been identified in two
sisters with early-onset brain and colorectal tumors (De
Rosa et al. 2000). These studies, together with the pre-
sent report, indicate that germline MMR deficiency pre-
disposes to primary early-onset neuroepithelial tumors.
Turcot syndrome (MIM 276300) was originally defined
by the association of CNS malignant tumors with fa-
milial polyposis of the colon, but molecular studies have
subsequently distinguished two entities, resulting from
APC and MMR gene mutations, respectively (Hamilton
et al. 1995; Paraf et al. 1997). It is tempting to speculate,
as suggested elsewhere (De Rosa et al. 2000), that, in
some families with Turcot syndrome, the association of
colorectal neoplasms with childhood brain tumors may
be due to a complete MMR deficiency.

We were surprised that we could not detect an RER
phenotype in the MSH2-deficient brain tumor. It is in-
teresting that MSI was not also detected in the non-
tumoral DNA of the MSH2-deficient patient reported
by Whiteside et al. (2002), in contrast to the case of the
two MLH1-deficient subjects analyzed by Wang et al.
(1999) and Vilkki et al. (2001). This result could suggest
that, at least in certain tissues, MSH2 deficiency could
lead to tumorigenesis through a mechanism distinct from
a defect in the repair of postreplicative mismatches af-
fecting repetitive sequences. Indeed, MSH2, like its bac-
terial homolog, MutS, has been shown to play additional
roles in genetic recombination, since these proteins pre-
vent exchange between divergent DNA sequences (Mod-
rich and Lahue 1996). Furthermore, MSH2 was recently
shown to be associated with TP53 within recombinative
repair complexes during S phase (Zink et al. 2002).

As in the previous report of a MSH2 deficiency
(Whiteside et al. 2002), the familial history presented in
this study was not strongly suggestive of HNPCC, al-
though the young age of the parents and their sibs could
explain the absence of cancer within this generation.
Therefore, as shown in this report, the presence of ho-
mozygous mutations of the different MMR genes must
be considered in families with early-onset CNS tumors
and hematological malignancies, even in the absence of
a familial history of HNPCC.
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Hereditary p16-Leiden Mutation in a Patient
with Multiple Head and Neck Tumors

To the Editor:
Recent studies have shown that most Dutch families with
atypical multiple-mole melanoma (FAMMM) have a 19-
bp germline deletion (p16-Leiden) in exon 2 of the p16
gene (p16 [MIM 600160]) (Gruis et al. 1995; van der
Velden et al. 1999, 2001). Incomplete penetrance and
variable clinical expression in p16-Leiden carriers point
to the fact that other genetic mechanisms can compen-
sate for the p16 loss of function (Gruis et al. 1995).
Indeed, van der Velden et al. (2001) reported in the Jour-
nal that variants in the melanocortin-1 receptor modify
the risk of melanoma in p16-Leiden carriers. It is inter-
esting that, apart from reports on simultaneous pancre-
atic tumors, other cancer types have never been found
in such families with p16-Leiden (Gruis et al. 1995).

Recently, we found a hereditary heterozygous p16-
Leiden mutation in a man who neither smoked more
than five cigarettes daily nor abused alcohol, initially

diagnosed at age 54 years, who simultaneously devel-
oped three carcinomas of the pharynx and oral cavity.
The patient showed a familial accumulation of tumor
diseases. Both of his parents and his only sister died of
cancer very early (the mother of gynecologic cancer, the
father of liver carcinoma, and the sister of leukemia).
Dutch relatives are not known.

DNA from tumors and blood was extracted according
to a standard protocol (Sambrook et al. 1989). Mutation
analysis of exon 1 and exon 2 of the p16 gene was done
by PCR-SSCP sequencing as described by Schneider-
Stock et al. (1998).

The p16-Leiden mutation was found in the hetero-
zygous constitution in all three tumors and in the blood
of the patient. We investigated all DNA samples for p16
promotor methylation to check the status of the retained
wild-type allele and, thus, to assess the real functional
significance of this finding. The methylation status of the
p16 promotor was determined by methylation-specific
PCR (Herman et al. 1996). The primer sequences for
the unmethylated reactions were (sense) 5′-TTA TTA
GAG GGT GGG GTG GAT TGT-3′ and (antisense) 5′-
CAA CCC CAA ACC ACA ACC ATA A-3′, which am-
plify a 151-bp product. The primer sequences for the
methylated reaction were (sense) 5′-TTA TTA GAG
GGT GCG GAT CGC-3′ and (antisense) 5′-GAC CCC
GAA CCG CGA CCG TAA-3′, which amplify a 150-bp
product. The two forward primers were labeled with
FAM dye. PCR was done using 1/10 of bisulfite reaction
and a MasterAmp Optimization Kit (Biozym) in an au-
tomated thermocycler (PTC 200) according to the man-
ufacturer’s instructions. PCR products were analyzed us-
ing an ABI310 sequencer (injection time between 20–30
s, Pop 4, dRhodamine Matrix standard ABI Prism [Per-
kin Elmer]). The p16 promotor was methylated in all
three tumor samples but not in the blood of the patient
(fig. 1).

This result led us to suggest a loss of p16 protein
expression and, thus, a complete loss of p16 tumor sup-
pressor function. For p16 immunohistochemistry, a
monoclonal mouse antibody to p16 (1:100 dilution,
Quartett) was used according to the manufacturer’s in-
structions. Indeed, all tumor sections were immunohisto-
chemically p16-negative. The third tumor showed an
additional gross rearrangement in the p53 gene (75-bp
insertion in exon 4).

This is the first report on p16-Leiden mutation in oro-
laryngeal carcinomas, although p16 alterations are very
common in this tumor type (50% p16 promotor methyl-
ation [Bittencourt Rosas et al. 2001], 30% p16 muta-
tions [Esteller et al. 2001a; Poi et al. 2001]). Because of
the heterozygous p16-Leiden constitution, our proband
was a suitable model for studying the type of p16 in-
activation in the three metachronous carcinomas. To
date, the methylation status of p16-Leiden carriers has



Letters to the Editor 217

Figure 1 Analysis of p16INK4 promotor methylation on ABI310
Prism. Methylated (left arrow) and unmethylated (right arrow) signals
can be detected between the 150-bp and the 160-bp ROX matrix
standards. There is a near-equal amplification of unmethylated and
methylated DNA in the three head and neck tumors but no methylation
in the blood DNA of the patient; bl p blood DNA; tu1–tu3 p tumors
1–3, respectively.

never been checked. To the best of our knowledge, this
is one of the only a few clear examples that aberrant
promotor methylation might function as the “second
genetic hit” in a familial cancer syndrome. Whereas no
methylation could be recognized in the blood of the pa-
tient’s DNA, all three tumors showed inactivation of the
retained wild-type allele, with the somatic event being
aberrant promotor methylation. There are only a few
reports demonstrating the role of promotor methylation
for biallelic gene inactivation (Grady et al. 2000; Esteller
et al. 2001b). Furthermore, it has to be mentioned that
the p16-Leiden mutation should also affect the p14ARF

transcript, because alternative splicing of the first exon
and common downstream exons permit this locus to

encode two different products that regulate the cell cycle
via two distinct pathways.

It is noteworthy that contact with the patient began
five months before the actual date of examination when
the patient attended a talk. His presence was not because
of symptoms of a tumor but because of genetic findings.
This early meeting led to discovery of the tumor of the
tongue while the tumor was still in a less-advanced stage.
Therefore, the tumor could be easily resected, leaving
the tongue almost unaffected. Consequently, the patient
is now in good physical condition (Karnofsky 70%–
80%). The patient was informed about the hereditary
mutation and was included in the risk program for up-
per-abdominal screening because p16-Leiden mutation
has been reported to be a risk factor for developing
pancreatic carcinoma (Lal et al. 2000; Vasen et al. 2000;
Lynch et al. 2002).

We think that regarding head and neck cancer, our
data is novel and may have consequences for further
studies of families with FAMMM.
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Another Case of Imprinting Defect in a Girl
with Angelman Syndrome Who Was Conceived
by Intracytoplasmic Sperm Injection

To the Editor:
Intracytoplasmic sperm injection (ICSI) has been estab-
lished as an efficient treatment for male infertility and
also as a supplement to in vitro fertilization (IVF) with-
out obvious male infertility. ICSI is now regarded as a
procedure that is safe overall, and no increase in devel-
opmental delay was found in a follow-up of 221 ICSI-
conceived children in the 2nd year of life (Sutcliffe et al.
2001). However, the possibility of an increased risk of
imprinting defects has been raised (Manning et al. 2000).
Two children conceived by ICSI who had Angelman syn-
drome (AS [MIM 105830]) due to a presumably sporadic
imprinting defect have recently been reported (Cox et al.
2002).

We here report a 3.5-year-old girl with AS due to
a sporadic imprinting defect, born of a pregnancy that
was also the result of ICSI. The girl was the first child
of a 35-year-old mother and a 36-year-old father. The
father has a healthy daughter by another partner, and
sperm analysis was normal on three different occasions.
The mother had one spontaneous abortion and two ex-
trauterine pregnancies before treatment with IVF. Tra-
ditional IVF did not result in fertilized eggs, and ICSI
was therefore performed in spite of the normal sperm
analysis of the father. The first ICSI pregnancy resulted
in another spontaneous abortion, whereas the second
ICSI procedure resulted in a normal pregnancy. Birth
was at term, birth weight was 3,760 g, length was 54
cm, and head circumference was 36 cm (75th percen-
tile). Development was considered normal for the first
3–4 mo, after which she started to have infections. She
walked at age 2 years. She had no epilepsy but had an
abnormal electroencephalogram with large-amplitude
slow-spike waves. There was no language development.
Chromosomes, including subtelomeres, were normal.
At age 3 years, her height and weight were at the 50th
percentile, whereas her head circumference was 1 cm
below the 2.5th percentile. She was mentally retarded
and atactic. She was dysmorphic, with a square face,
deep-set eyes, and a protruding tongue.

FISH analysis using the SNRPN probe (MIM 182279),
as well as microsatellite studies, revealed normal chromo-
somes 15 of biparental origin. A common large deletion
of 15q11-q13 and uniparental paternal disomy could
therefore be excluded. Methylation-specific Southern blot
analysis and methylation-specific PCR (Zeschnigk et al.
1997) for the SNRPN locus showed the presence of a
normal unmethylated paternal band and the complete ab-
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sence of a methylated maternal band, indicating that the
patient had an imprinting defect. Quantitative Southern
blot analysis of the critical AS imprinting center (IC) re-
gion (Buiting et al. 1999) showed a normal dosage; there-
fore, an IC deletion was unlikely. This result was con-
firmed by sequence analysis of the 880-bp AS-IC element,
where the patient was heterozygous for three different
SNPs. Both parents had normal chromosomes and a nor-
mal methylation pattern. These findings suggest that the
patient belongs to the group of patients with a sporadic
imprinting defect (Buiting et al. 1998).

Both patients reported by Cox et al. (2002) had fathers
with sperm abnormalities, and the possibility that the
imprinting defect could be related to male infertility was
discussed. The father of the child reported here had nor-
mal sperm, and a relationship to male infertility is there-
fore unlikely. However, similar to the mother, the ma-
ternal grandmother also had a history of reproductive
difficulties. In addition to three healthy children, she had
four spontaneous abortions and one daughter who was
stillborn at term. Since both the maternal grandmother
and the mother had reproductive difficulties, a maternal
oogenesis defect cannot be excluded.

A sporadic imprinting defect is a very rare cause of
AS, and Cox et al. (2002) therefore considered a rela-
tionship to the ICSI procedure to be likely. The report
of a third patient with this rare disorder further supports
the assumption that ICSI can lead to an increased risk
for imprinting defects.
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