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Low Incidence of a Nucleotide Sequence Alteration of the Neurofibromatosis 2 Gene

in Human Breast Cancers
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We investigated aberrations of the neurofibromatosis type 2 (NF2) gene in breast tumors of 60 patients
by single-strand conformation polymorphism analysis of polymerase chain reaction preducts followed
by nucleotide sequencing. We detected a tumor-specific single-base substitution in codon 398 in exon
12 of the gene, resulting in an alteration of a single amino acid, in DNA from a breast cancer sample.
The results indicated possible but infrequent involvement of mutations of the tumor suppressor NF2

gene in human breast cancers,
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Neurofibromatosis type 2 (NF2) is a genetic disease
inherited in an autosomal dominant fashion and char-
acterized by bilateral vestibular schwannomas and the
development of other nervous system tumors, including
meningiomas of the cranial nerves and the spinal nerve
roots."? The NF2 gene on chromosome 22 has been
isolated.** Sequencing the NF2 gene helped to reveal
mutations of the gene in NF2 patients, since single-base
substitutions and other mutations were detected by sev-
eral polymerase chain reaction (PCR)-based methods
including single-strand conformation polymorphism
(SSCP) analysis.”™” Mutations of the gene have been
found in NF2-related®>*®® and sporadic®'® tumors,
such as schwannomas and meningiomas. These muta-
tions and concomitant loss of heterozygosity (LOH) at
loci flanking the NF2 gene on the long arm of chromo-
some 22 in many of these tumors® '*'2 suggest that NF2
is a tumor suppressor gene.

As the NF2 gene is expressed in various human
tissues,>® aberrations of the gene might be involved in
the carcinogenesis of human cells not only in nervous
systems, but also in many other tissues. In fact, mutations
of the NF2 gene have been detected in melanomas'” and
colon cancers,'” although these tumor types are not
found in NF2 patients.

Frequent 1.LOH at loci on chromosome 22q (10 to 40%
of tumors) has been found in breast cancers'™' and
Bianchi er al. have detected a frameshift mutation and
a missense mutation of the NF2 gene in one case of
the same breast cancer.'? On the other hand, Arakawa
et al.'” and Kanai et al.?™ reported no mutations of the
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NF2 gene in 55 and 68 breast cancers, respectively. In
this study, to evaluate the possibility of the involvement
of abnormalities of the NF2 gene in tumorigenesis of the
breast, aberrations of the NF2 gene in tumor DNA from
60 patients with breast diseases were examined by PCR-
SSCP analysis.

MATERIALS AND METHODS

Preparation of DNA from breast tumors Fresh speci-
mens of primary breast cancers, adjacent metastatic
lymph nodes, metastatic liver or subcutaneous tumors,
phyllodes tumors and non-malignant breast tumors were
resected at the Second Department of Surgery, Tohoku
University School of Medicine (Sendai) from 1986 to
1992 and stored at —70°C. Genomic DNA was extracted
by using the proteinase K-phenol-chloroform method.?
PCR-SSCP analysis Regions containing coding exons,
except exon 16, of the NF2 gene” were amplified into 16
DNA fragments by PCR. The names and the lengths of
amplified DNA, primers used for the PCR, and the
regions concerning which information is provided by
this analysis are indicated in Table I, These data were
based on the published nucleotide sequences for the
NF2 gene.*® DNA samples (0.1 ¢g) were amplified by
PCR in a mixture (5 #1) as described.’® The annealing
temperature for primer pairs was 54 or 55°C, accord-
ing to the GC content of the primers (Table I). The 5'-
ends of primers were labeled by means of the polynucleo-
tide kinase reaction with [y-"P]ATP as described.”™
The PCR mixture was diluted with 45 ¢l of deionized
water. One y] of this mixture was heated with 1 ul of
formamide dye (93% formamide: 20 mM EDTA: 0.05%
xylene cyanol: 0.05% bromophenol blue), then 1 gl of
the preparation was subjected to electrophoresis in 5%
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Table I. Primers Used to Amplify the NF2 Gene
Fragment Primer Region analyzed
Annealing ’ . , .
Name Lal; g)th (i’é?;) Name Nucleotide sequence temp(irca;ure 3 F(ll";;;( & Codon 3 'F(l,f:;;( ng
5 K
A 182 1 (1-38) 1C CTAAAGGGCTCAGAGTGCAG 55 39 1-35 0
1D GCCGGTTACCTCGCAATTGA
B 171 2 (39-80) 2A CITCCCCATTGGTTTGTTATT 54 4 39-80 0
2B TCATCGAGTTCTAGCCCAAC
C 165 3 (81-121) JA TGCAATTCTGCAGGTACTGGA 54 0 83-121 9
3B GAACTGGGGGGTAGCCTTGA
D 136 4 (122-149) 4A TATCATGTCTCCCTTGTTGC 54 9 122-149 0
4B CATTTTTCTTCTTTGAGCCTAC
E 123 5 (150-172) 5A AATCGCCTGCTCTCCCTTTICT 54 9 150-172 0
5B TGAAAAGGGAATTTAATCTCTTAC
F 107 6 (173-200) 6C TTTTGGTAGGTAATAAATCTGTATC 55 0 178-198 0
6B TGAATGGGCCTCACCTGGCT
G 128 7 (201-225) TA ACAGTGTCITCCGTTCTCCC 54 5 200-225 6
_ 7B AAGGAGCTCAGAGAGGTTTCA
H 168 8 (226-270) BA ATCCACAGAATAAAAAGGGCAC 54 0 230-270 4
3B CATCTGCAGTACACACATGTC
I 118 9 (271-295) 9A TTCTGCTTCATTCTTCCAGTTTA. 55 0 272-295 17
9B ATGAAAACCAGGATCTCAACTTA
J 171 10 (296-333) 10A TAACCTTTTAGTCTGCTTCTGTG 55 7 296-333 4
10B CATCAGTTAAAACAAGGTTGTGC
K 175 11 (334-374) 11A CAATGACTGTTTTTCTTCACCC 35 7 334-374 3
11B AACCCCAGCCCCTCAGAAAT
L 257 12 (375-447) 12A CACTTCAGCTAAGAGCACTGTGCC 55 6 375-443 )
12B CCCCCTCACCTCCTICTCTGAC
M 139 13 (448-482) 13A AGCTGACATCTCATCCTTTCCIT 55 4 447478 0
13B GCTCACCGGGTACGTGGGCT
N 169 14 (483-525) 14A AATCCGAAATTTCTCATTAACAGC 55 )] 483-524 0
14B GCACAGGGGGCTACATACTTT
O 220 15 (526-579) 15A GATGCATGATACCCTCTTGCC 35 5 525-579 7
15B CAGCAAAATACAAGAAAGAGACCC
P 177 17 (580-595) 17A CCTCTCAGCTTCTTCTCTGCTTT 55 7 580-595 729

17B AGCTCCCTATGGATGGCTCTCTT

a) Nucleotide sequence in non-coding region of exon 17.

non-denaturing polyacrylamide gel containing 45 mM
Tris-borate (pH 8.3) and 4 mM EDTA. Two gels were
used, one containing 5% glycerol and the other without
glycerol. Electrophoresis proceeded at 30 W for 1 to 4.5
h with fan cooling. The gel was dried and exposed to X
ray film at —80°C for 6 to 18 h with an intensifying
screen.

Direct DNA sequencing DNA fragments with abnormal
mobility shifts in SSCP analysis were eluted from gel
pieces and amplified by 30 PCR cycles using the same
primers.?? The amplified DNA fragments were dena-
tured and annealed with a 5’-labeled primer for sequenc-
ing. Chain elongation and termination®™ were performed
with a dsDNA Cycle Sequencing kit (GIBCO BRL) and
the products were analyzed in 5% HydroLink gels con-
taining 7 M urea.
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RESULTS

We analyzed the NF2 gene by PCR-SSCP, in the
DNAs of 73 surgical specimens from 52 patients with
breast cancer, 2 with phyllodes tumor and 6 with non-
malignant breast tumors. Among the 52 patients with
breast cancer, metastatic tumors were also obtained from
the adjacent lymph nodes of 7 patients, from the liver
of 2 and from the subcutaneous tissue of one. In one
patient with a phyllodes tumor, the tumor locally re-
curred within 3 months of primary tumor resection, The
recurrent tumor was also examined. Non-malignant
tumors examined included 4 fibroadenomas, a mammary
dysplasia and a mastopathy.

Coding exons, except exon 16,” and adjacent se-
quences of introns of the NF2 gene indicated in Table I
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SSCP and nucleotide sequence analyses of fragment L containing exon 12 of the NF2 gene. (A) DNA fragment L

amplified from genomic DNAs from breast cancer cells (T) and lymphocytes (L) from patient Br52 were analyzed by SSCP.
Two isoconformers of a shifted DNA fragment are indicated by arrows. (B) DNA fragment L from cancer DNA showing
mobility shifts in bands of isoconformers indicated by arrows in (A) were eluted from the gel and sequenced. The sequencing
ladders obtained from abnormal fragments (T) were compared with that of normal lymphocyte DNA (L). The two fragments

indicated by arrows in (A) showed the same sequencing ladder.

were amplified into 16 DNA fragments and analyzed by
SSCP. Although the signal was faint, a tumor-specific
mobility shift in fragment L from the breast cancer DNA
of patient Br52 was reproducibly observed (Fig. 1A). A
set of two bands observed was due to isoconformers from
the same fragment. A similar SSCP analysis of the same
DNA sample for the p53 gene showed a shifted band in
the DNA fragment carrying exon 5 of the gene and
indicated that the DNA sample contained about the same
amount of normal and tumor DNAs (data not shown).
Therefore, the faint signal observed in Fig. 1A might not
be due to small population of the tumor DNA in the
sample. PCR-SSCP analysis sometimes shows unexpect-
edly weak signals of a DNA fragment from a polymor-
phic allele. The result observed in an allele of the NF2
gene from patient Br2 (allele B in Fig. 2B) is one such
example. Thus, the faint signal of the shifted band in
tumor DNA in patient Br52 might be due to this type of
feature. However, the possibility remains that only a
fraction of the cancer cells with p53 abnormality has
the mutated NF2 gene. Determination of the nucleotide
sequence of the shifted DNA fragments eluted from the
gel confirmed the presence of the target fragment of the
NF2 gene and revealed a C-to-G transversion in codon
398 in exon 12, resulting in an amino acid substitution
from leucine to valine (Fig. 1B). No tumor-specific mo-
bility shifts of DNA fragments were evident in other
breast tumors.

A B
Br47 Br52 Bré Br52 Br2
L T L T L L T L

Fig. 2. Polymorphic changes of the nucleotide sequence of
the NF2 gene. Mobility shifts of fragment K (A) and fragment
A (B) due to polymorphisms were detected by SSCP analysis.
L and T indicate DNA from lymphocytes and tumors, respec-
tively. The shifted bands are indicated by B in (A) and (B).

During the analysis, there were mobility shifts of DNA
fragments due to polymorphisms in fragment K from
DNA of patients Br6 and Br52 (allele B in Fig. 2A) and
in fragment A from the DNA of patient Br2 (allele B in
Fig. 2B). Nucleotide sequencing of the shifted fragment
K revealed a single-base change from C to T in the third
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base of codon 371 (asparagine, AAC to AAT). The
shifted fragment A with the faint signal described above
contained the polymorphic base change of G to A 18 base
pairs upstream from the first ATG codon.

As described above, the tumor DNA sample from
patient Br52 showing a mutation of the NF2 gene con-
tained about the same amount of normal and tumor
DNAs and therefore about 25% reduction of signal
intensity of one of the two alleles was expected, if the
sample showed LOH. In Fig. 2A, the intensity of the
signal for allele A in normal DNA from patient Br52 was
essentially the same as that of allele B or slightly higher.
On the other hand, the signal intensity of allele A in
tumor DNA seemed to be lower than that of allele B.
Although the result was not conclusive, it suggested the
presence of LOH at the NF2 locus in the tumor DNA
from patient Br52.

DISCUSSION

Here, we analyzed the regions of the tumor suppressor
NF2 gene containing the coding exons and their flanking
intron sequences” in DNAs from human breast tumors.
When the primers used in this study were designed, avail-
able nucleotide sequences of introns of the NF2 gene
were limited. Therefore, mutations at the 5'-end of exons
3,6, 8, 9 and 14 and in adjacent introns, and in introns
adjacent to the 3-end of exons 1, 2, 4, 5, 6, 12, 13 and 14
and at the 3’-end of exons 1, 6, 12, 13 and 14 could not
be detected. The regions providing information in this
study are indicated in Table I. Multiple alternatively
spliced transcripts of the gene'” and two additional exons
have been identified.'"” We did not examine the region
carrying these two exons.

A tumor-specific single-base substitution of the NF2
gene was found in the DNA from one of 52 breast
cancers that was diagnosed as an invasive tubular ductal
carcinoma. The base substitution should result in a mis-
sense mutation from leucine to valine at codon 398.
Almost all mutations of the NF2 gene reported in NF2-
related cancers* ' and in sporadic cancers® 1617
are nonsense and frameshift mutations that result in
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truncation of the NF2 protein. In breast cancers, only
one case with mutations of the NF2 gene has been
reported so far. The breast cancer was also diagnosed as
a poorly differentiated ductal carcinoma and showed a
frameshift mutation due to a deletion of 221 base pairs in
the middle of the transcript and also a missense mutation
of isoleucine to phenylalanine at codon 273.'" Missense
mutations of the NF2 gene have also been found in an
NF2-related schwannoma,” sporadic schwannomas®?
and a sporadic melanoma.'” In the sporadic colorectal
carcinomas, the two mutations are of the missense
type.'” These have been observed in the regions that are
conserved among species and are therefore thought to be
important for biological functions of the protein. The
codon in which we observed a missense mutation was
also in the region conserved in human moesin and mouse
schwannomin.*?® Our results indicated that mutations
of the tumor suppressor NF2 gene might be involved in
some human breast cancers, although the frequency of
such mutations was low. Because of the low frequency of
the NF2 mutation, frequent allelic loss at loci on chromo-
some 22q reported in breast cancers™' might suggest
the presence of another tumor suppressor gene as pro-
posed in human meningiomas.?”

Besides the tumor-specific base substitution, we de-
tected polymorphic base changes, C to T in the third base
of codon 371 in 2 of 60 individuals and G to A 18 base
pairs upstream from the first ATG codon in one of 60
individuals,
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