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Missense point mutations, leading to inactivation of the
p53 tumor suppressor gene product, are currently the
most frequent alterations in human cancer. Little, how-
ever, is known about small intragenic deletions or
insertions occurring in this locus of chromosome 17. We
have analyzed 56 primary ovarian tumors for the pres-
ence of such abnormalities. The analysis was based on
multiplex PCR amplification of exons 1 through 11 of
the p53 gene and fragment analysis of the generated
PCR products. Mutations were detected in 14% (8 of 56)
of the tumors. Deletions were much more prevalent than
insertions (seven vs one). Six of the deletions and the
insertion affected exon 5, and the other deletion was in
exon 7. Two deletions and the insertion did not disrupt
the reading frame; the protein product was expressed in
the tumor at high concentrations in all three cases. The
other five deletions generated a frameshift, which is
predicted to result in the production of a truncated
protein product. In the case of the deletions, a 2–5-bp
repeat was present close to the detected deletion,
whereas the insertion duplicated the sequence immedi-
ately upstream of the insertion site. Overall our findings
indicate that small intragenic p53 deletions/insertions
are not rare events in ovarian cancer, and that p53 exon
5 is the target in the vast majority (88%) of the cases.

The nuclear phosphoprotein p53 is currently the most
studied molecule in human tumorigenesis. p53, mutated
in ;25% of tumors of virtually every origin, has been
accepted to be the most frequently mutated gene in

cancer. Although the exact mechanisms by which p53
exerts its biological functions have not been clearly eluci-
dated, its ability to bind specific DNA sequences [1, 2] and
to activate transcription [2–4] suggests that this molecule
plays an important role in the regulation of cell prolifer-
ation. p53 is believed to be central to the cellular response
to DNA damage. After such damage, p53 concentrations
increase, leading to either cell cycle arrest at the G1 phase
[5–7] or to apoptosis [8]. Both pathways aim to prevent
cells that carry DNA abnormalities from proliferating,
thereby protecting the genome from accumulating dele-
terious mutations. Loss of p53 function may abrogate this
response to DNA damage and may increase the likelihood
of genomic abnormalities [9].

The most common mechanism of p53 inactivation is
somatic mutation. Inactivating mutations are confined to
a portion of the gene, spanning codons 132–281 (corre-
sponding to exons 5–9), which includes four highly con-
served domains [10]. The most frequently observed mu-
tations are missense mutations leading to single amino
acid substitutions. These mutations have been extensively
studied, and their correlation to environmental carcino-
gen exposure in particular tumor histotypes has been
observed in some cases. The most striking paradigm is the
relation between aflatoxin B1 exposure and the G-to-T
transversion in codon 249 in 50% of Southeast Asian
patients with hepatocellular carcinoma [11].

To date, small p53 intragenic deletions and insertions,
which can disrupt the reading frame and lead to the
production of a truncated protein product, have not
received much attention. However, a review that com-
piled 740 p53 mutations from a wide variety of cancers
showed that 10% of the mutations were either deletions or
insertions [12]. Insertions ranged from 1 to 14 nucleotides
in length and in 88% of the cases the inserted nucleotides
duplicated the sequence adjacent to the insertion. Dele-
tions were observed more frequently and ranged from 1
to 37 nucleotides in length. In the majority of the cases, a
direct repeat of 2–8 bp was present in the unaltered
sequence in the vicinity of the deletion. Both p53 gene
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deletions and insertions can be explained by a slipped
mispairing mechanism during DNA replication [12, 13].

Deletions and insertions affecting the p53 gene are
unlikely to be tumor specific because they appear in a
variety of human tumors [12]. In ovarian cancer, investi-
gations of p53 gene alterations have mainly focused on
missense point mutations in exons 5–9 [14–16]. Transi-
tions predominate over transversions [17, 18], suggesting
that p53 mutations in this type of cancer most likely arise
from spontaneous errors in DNA synthesis and repair
rather than from exposure to carcinogens. A recent study
reported a high incidence of p53 deletions/insertions
(15.6%) in this type of cancer [19].

In this study, we systematically searched for p53 gene
deletions and insertions in all 11 exons and intron/exon
boundaries in a series of 56 primary epithelial ovarian
tumors. The method involved multiplex PCR amplifica-
tion of all 11 p53 exons and fragment analysis of the PCR
products on a high-resolution polyacrylamide sequencing
gel [20]. Our results revealed that deletions or insertions
occur with a frequency of 14% in ovarian cancer, the most
frequent being deletions. All aberrations but one were
found in exon 5, suggesting that mutational inactivation
of p53 via this mechanism may be a significant event in
ovarian cancer.

Materials and Methods
tumor specimens
Fifty-six primary epithelial ovarian tumors were collected
at the Department of Obstetrics and Gynecology, Univer-
sity Hospital, Turin, Italy. Immediately after surgery, a
representative portion of each tumor was selected during
quick section procedures in the operating room, snap-
frozen in liquid nitrogen, and stored at 280 °C until
analysis. Genomic DNA was extracted with a phenol/
chloroform-based procedure [21].

multiplex pcr amplification and
fragment analysis
A multiplex PCR method that amplifies two or more
exons of the p53 gene in the same reaction mixture was
used [20]. Four different PCR reactions were performed.
The exons that were simultaneously amplified in each
reaction were as follows: 4, 8, and 11; 1, 5, 9, and 10; 3 and
6; 2 and 7. One of the two primers used for amplifying
each p53 exon was labeled with the fluorescent dye Cy-5
to facilitate detection of the PCR product. The primers and
the PCR conditions are described in detail elsewhere [20].
The PCR-amplified DNA fragments were separated ac-
cording to size on an ALF-Express automated DNA
sequencer [20].

separation of normal and abnormal fragments
The PCR products for which an abnormality was identi-
fied with fragment analysis were subjected to individual
(nonmultiplexed) PCR amplifications. Target DNA (500
ng) was added in a PCR mix containing 10 mmol/L Tris

(pH 8.3), 50 mmol/L KCl, 2 mmol/L MgCl2, 200 mmol/L
deoxynucleoside triphosphates (dNTPs), and 1.25 U of
Taq polymerase (Boehringer Mannheim). The PCR prim-
ers used for exons 5 and 7 amplification are shown below:

Exon 5, E5–59: 59AAGCTCCTGAGGTGTAGACG-39,
E5–39: 59TTTCCTTCCACTCGGATAAG-39

Exon 7, E7–59: 59GGCGACAGAGCGAGATTCCA-39,
E7–39: 59GGGTCAGCGGCAAGCAGAGG-39

All the primers were used at concentrations of 0.4
mmol/L. The temperature cycling consisted of denatur-
ation at 94 °C for 20 s, annealing at 59 °C (exon 5) or 63 °C
(exon 7) for 30 s, and extension at 71 °C for 30 s. The
cycling was repeated 30 times. Each PCR was initiated
with a 3-min denaturation at 94 °C and terminated with a
3-min extension at 71 °C.

The PCR products were electrophoresed on 6% poly-
acrylamide minigels with 13 Tris-borate/EDTA (TBE)
electrophoresis buffer (Novex). Bands corresponding to
heteroduplex DNA products (normal DNA annealed to
abnormal DNA strand) were excised from the gel and
eluted in 100 mL of 10 mmol/L Tris-HCl, pH 7.4, over-
night at 37 °C. A 5-mL aliquot of the eluate was subjected
to a new round of PCR as described above but with two
differences: (a) Only one of the two primers was used, and
(b) the cycling was repeated 40 times to generate sufficient
single-stranded DNA for direct sequencing.

automated sequencing
The primers used for sequencing of exons 5 and 7 were
designed with the computer software Oligo 5.0 (National
Biosciences) according to the p53 sequence deposited in
the GenBank by Chumakov et al. (accession # 54156).
Sequencing primers were labeled at the 59-end with the
fluorescent dye Cy-5 (National Biosciences).

Exon 5, E5–5’S: Cy-5-TCTTTGCTGCCGTGTTCC, E5–
3’S: Cy-5-CCTGGGGACCCTGGGCAA

Exon 7, E7–5’S: Cy-5-CTCCCCTGCTTGCCACA
Single-stranded DNA products were subjected to exo-

nuclease I digestion and shrimp alkaline phosphatase
hydrolysis according to the ThermoSequenase sequencing
protocol (Amersham Life Sciences). The sequencing reac-
tions were performed with the Thermo Sequenase fluo-
rescent labeled primer cycle sequencing kit (Amersham)
according to the manufacturer’s directions. Sequence
analysis was performed with an automated laser fluores-
cence sequencing apparatus (A.L.F. Express DNA Se-
quencery; Pharmacia Biotech).

Results
fragment analysis
With a combination of multiplex PCR amplification and
fragment analysis techniques [20] we analyzed genomic
DNAs from 56 primary ovarian tumors for the presence of
deletions and insertions in the p53 gene (exons 1–11). This
method detects gene deletions and insertions on the basis
of changes in the size of DNA fragments produced by
PCR. Length changes of PCR products are reflected as
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changes in the electrophoresis times. With this method,
length changes of 1 bp or more can be readily detected.
Point mutations, however, which result in single nucleo-
tide substitutions, cannot be detected.

The analysis revealed eight abnormalities detected as
novel peaks after electrophoresis of the multiplex PCR
reactions. Deletions were identified when the new peak
appeared earlier than expected compared with the wild-
type fragment elution time, whereas insertions were sug-
gested when the peak appeared later. To localize the
mutation to a particular exon, the PCR was repeated with
exon-specific PCR primers and the products were sub-
jected to gel electrophoresis on the sequencer. The results
(Fig. 1) were suggestive of six deletions (tumors 61, 80, 82,
87, 93, 97) and one insertion (tumor 120) in exon 5, and
one deletion in exon 7 (tumor 68; data not shown). In all
cases, both the abnormal and the normal peaks were
present, suggesting either heterozygosity or contamina-
tion of the tumor DNA with DNA from adjacent normal
tissue.

p53 deletions and insertions in ovarian tumors
To characterize the genetic abnormalities identified, we
applied direct DNA sequencing. The normal and abnor-
mal DNA fragments, which coexisted in the PCR reaction
mix (Fig. 1), were separated with the following strategy:
PCR products of exon 5 (for tumors 61, 80, 82, 87, 93, and

120) and exon 7 (for tumor 68) were electrophoresed on
6% polyacrylamide minigels (data not shown). The het-
eroduplex DNA products (consisting of one normal and
one abnormal strand annealed together) were excised
from the gel, and DNA was eluted. This DNA was
subjected to another round of thermocycling with one
primer to achieve linear amplification of one of the two
strands (either the normal or the abnormal). These single-
stranded DNAs were used for sequencing.

The seven deletions and the one insertion identified are
presented in Table 1, and partial sequencing results are
shown in Fig. 2. All abnormalities but one (tumor 93,
29-bp deletion; Fig. 2A) affected only three to eight
nucleotides. In all the identified small deletions (3–8
nucleotides) a repeat of 2–5 bp was present in the unal-
tered sequence close to the deletion, as previously ob-
served by Jego et al. [12]. The 6-bp insertion, on the other
hand, was a duplication of the sequence immediately
upstream of the site of the insertion (Fig. 2C). An unusual
abnormality found in two cases (tumors 82 and 97; Fig.
2B) involved 7 bps and consisted of a tandem 3-bp
deletion and a 4-bp deletion separated by one nucleotide.
Tumors 61 and 80 contained an in-frame deletion in exon
5, which would be expected to yield a predicted protein
product of 392 amino acids. The insertion in exon 5
(tumor 120) was also in frame and would result in a
predicted protein product of 395 amino acids. In all three

Fig. 1. Abnormalities in exon 5 of the p53 gene identified with fragment analysis.
Arrowheads denote the normal fragments. Asterisks denote fragments with deletions; the arrow indicates the fragment with the insertion.
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cases, the abnormalities resulted in p53 protein overex-
pression in the tumors (Table 1). In the remaining cases,
where the deletion created a frameshift, a predicted
truncated protein product would be produced. The p53
concentrations in the corresponding tumor, as measured
by immunofluorometry [22], were very low (Table 1). In
Table 2 some clinical information on the patients whose
tumors contained p53 gene abnormalities are presented.

Discussion
Genetic aberrations affecting the p53 gene locus in cancer
patients have been extensively studied since the charac-
terization of this gene as a tumor suppressor. Most studies
have examined missense point mutations within exons
5–9. Little is known about genetic alterations involving
losses or gains of genetic material that commonly lead to
premature arrest in translation and therefore the produc-
tion of a truncated protein product. One study, however,
which compiled data published between 1989 and 1992,
revealed that the frequency of these abnormalities in the
p53 gene in human tumors is ;10% with no obvious
clustering within certain tumor types [12].

The presence of these genetic aberrations in ovarian
cancer was specifically examined in 11 newly established
ovarian carcinoma cell lines [23]. Data collected from
previously published reports [14–16] demonstrate that
small p53 gene deletions have been observed with a
frequency of 4.7% in a total of 127 ovarian tumors
analyzed. Only one of 66 cases had an insertion [15]. A
more recent study demonstrated that 25% of the abnor-
malities found in ovarian tumors were deletions or inser-
tions [19].

Using a combination of multiplex PCR and fragment
analysis techniques [20], we analyzed 56 primary ovarian
tumors for the presence of p53 gene deletions and inser-
tions in all 11 exons of p53. The results revealed that these
abnormalities are found with a frequency of 14% in our
series of ovarian tumor specimens. Of the eight abnormal-
ities identified, seven were deletions and one was an
insertion. Six of the deletions and the insertion were
detected in exon 5, and the other deletion was in exon 7.

Previous studies reported three deletions in exon 4
[16, 19], four in exon 5 [14, 19], one in exon 6 [15], five in
exon 7 [15, 19], and two in exon 8 [19]. Unlike the study
from Skilling et al. [19], who found these abnormalities to
be homogeneously spread between exons 4 and 8, in our
study 88% (7 of 8) of the abnormalities were found in exon
5. Exon 5 is known to be a hotspot for missense mutations.
In a series of 30 ovarian tumors, Mazars et al. [14] found
that all p53 mutations detected were clustered in exons 5
and 7, and they suggested that mutations in these two
exons may reveal a pattern particular to this cancer. Our
results support this speculation.

The deletions found in this study were flanked by short
direct repeats, and the insertion duplicated the sequence
where it was inserted, in agreement with previous reports
[12, 13]. The presence of the repeats suggest that a slipped
mispairing mechanism, which takes place during DNA
replication, might be responsible for the creation of these
gene abnormalities. This mechanism involves a misalign-
ment of the template DNA strands during replication,
which leads either to deletion if the nucleotides excluded
from pairing are on the template strand, or to insertion if
they are on the primer strand. When direct repeat se-
quences mispair with a complementary motif nearby, the
intervening oligonucleotide sequence may form a loop
between the two repeat motifs and be deleted [12]. More
lengthy runs and sequence repeats are more likely to
generate frameshift mutations. In our series, two of the
deletions and the insertion were in frame and gave rise to
392 and 395 predicted amino acid products that were
overexpressed in the corresponding tumors. The rest of
the abnormalities resulted in a frameshift in the gene
sequence; a stop codon was generated, and predicted
truncated protein products were produced that were not
recognized by immunofluorometry of p53 protein.

The possibility that these genetic lesions in p53 consist
of a marker for a novel form of DNA replication error
should not be excluded. Other candidate target genes in
the genome of such tumors should be sought to investi-
gate whether the same underlying mechanism is in-
volved.

Table 1. p53 deletions/insertions identified in ovarian tumors.

Tumor
code Exon Abnormality Sequence

Codons
affected

Predicted protein size
(amino acids)

p53 protein
concentrations

(U/g)

61 5 Deletion CAGCTGTGG 145 392 28
68 7 Deletion TCTGACTGTACC 22–229 244 0.8
80 5 Deletion TCAACAAGAT 131–132 392 32
82 5 Deletion CAACTGGCCAAGACCTGCCCTGT 138–141 166 0.4
87 5 Deletion CACCCGCGTCCGCGCC 155–158 176 0.9
93 5 Deletion GATTCCACACCCCCGCCCGGCACCCGCGT148–157 169 0.6
97 5 Deletion CAACTGGCCAAGACCTGCCCTGT 138–141 166 0.3

120 5 Insertion GACGGAGACGGAGGTT 171–172 395 24

Deleted nucleotides are underlined and the direct repeats are in bold.
p53 protein concentrations were quantified in ovarian cancer cytosolic extracts by using an immunofluorometric procedure described previously [25]. Concentrations

,3 U/g classify tumors as p53 protein-negative.
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In all cases where deletions/insertions were identified,
both normal and abnormal p53 alleles were present. This
may be due to patient heterozygosity or may simply
indicate tumor heterogeneity or contamination with nor-
mal tissue. Unfortunately, the status of the second p53
allele in these tumors is not known. However, even if only
one allele is involved, the mutants may act in a dominant,
negative fashion. The biochemical effects of such mutants
should clearly be further evaluated in this regard.

In Table 2, we present clinicopathological features of
the tumors with p53 gene abnormalities. We could not
identify any relations between the genetic abnormalities

and tumor features or patient survival because the num-
ber of patients was too small for statistical analysis.

In conclusion, our results show that deletion and insertion
mutations of the p53 gene are not rare events in ovarian
tumors. Of the 56 cases studied, eight (14%) harbored
deletions or insertions, of which seven were localized in
exon 5. These data suggest that exon 5 of the p53 gene may
be a hotspot for such intragenic aberrations in ovarian
cancer. Mutations in exon 5 may play an important role in
the clinical outcome of this cancer as previously shown
for colon cancer [24].

Fig. 2. Sequencing of p53 exon 5.
(A) 29-bp deletion identified in tumor 93; (B) a 7-bp
deletion, consisting of a 3-bp and a 4-bp deletion
separated by one nucleotide detected in tumors 82
and 97; (C) A 6-bp insertion identified in tumor 120.
The start of exon 5 and the abnormalities detected
are indicated.

Table 2. p53 deletions/insertions and clinicopathological features of the patients.
Tumor
code Abnormality Age

Menopausal
status Stage Grade

Residual tumor
(cm) Histology

Survival
(months) Status

61 Deletion/exon 5 61 Post III G2 5–10 Serous 31.9 Expired
68 Deletion/exon 7 54 Post IV G3 2–5 Serous 10.4 Expired
80 Deletion/exon 5 71 Post III G3 0 Serous 31.7 Remission
82 Deletion/exon 5 41 Pre III G3 ,2 Undifferentiated 23.7 Remission
87 Deletion/exon 5 76 Post III G3 .10 Undifferentiated 11.6 Expired
93 Deletion/exon 5 60 Post I G2 0 Unclassified 16.4 Remission
97 Deletion/exon 5 49 Pre I G1 0 Mucinous 16.3 Remission

120 Insertion/exon 5 62 Post III G3 0–2 Clear 4.7 Remission
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