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ABSTRACT

Mutations in the p53 gene are among the most common genetic changes
in human carcinomas. They have been found in many tumor types includ
ing colon, lung, and breast. We have used constant dÃ©naturantgel elec-

trophoresis in order to screen samples from 109 breast carcinomas for
mutations in four conserved regions, exons 5, 7, and 8, of the p53 gene.
Samples were also analyzed for allelic loss of the p53 gene and of markers
more distal on chromosome 17p. Mutations were confirmed by DNA
sequencing. Mutations were found in 18 of the 109 samples (16.5%). Loss
of heterozygosity at 17p was detected in the majority of informative
mutated cases. All cases were also screened for germ line mutations, but
none were found. The results obtained were analyzed with respect to
clinical parameters and prognosis. There was a significant association
between p53 mutation and low content of estrogen receptor protein in the
tumors (/' = 0.01). An association with poor prognosis was strongly indi

cated by mortality rates that were 37.5% among the patients with p53
mutation and 9.4% for the control group (mean follow up, 32 months).
P53 mutation was found to be the strongest negative factor against sur
vival in a covariate survival analysis (P = 0.001).

INTRODUCTION

The p53 gene is located on the short arm of chromosome 17. It has
been classified as a tumor suppressor gene and is thought to require a
loss of function mutation for tumor formation. Mutated p53 can trans
form cells in cooperation with the ras oncogene (l, 2). Normal p53,
however, suppresses transformation (3). Alterations within the p53
gene are found in a wide variety of human carcinomas, such as colon,
breast, and lung (4-6). Allelic deletions in the p53 region are common

in human carcinomas (7, 8), and mutations have frequently been
detected in the remaining alÃele,suggesting that loss of normal p53
plays an important role in the tumor formation.

The p53 protein is a 53-kDa DNA-binding nuclear phosphoprotein

which is found in virtually all normal cells at a very low level. The
protein is thought to act as a negative regulator of cell proliferation,
and its expression is regulated through the cell cycle. The normal
protein has a half-life of only 20-30 min, but various oncogenic

mutations increase the stability of the protein (9), resulting in an
elevated level of the mutated protein in the cell. Mutated p53 protein
might sometimes act in a semidominant way by complexing with
normal p53 and, thus, interfere with its normal function (3). Mutant
forms of the protein have transforming activity and interfere with the
cell cycle regulatory functions of the wild-type protein. This could

explain why changes in the p53 gene are so often found in malignant
cells.

It has been shown that the p53 gene has five evolutionary well-

conserved regions (5). The majority of p53 mutations that have been
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detected, occur in four of these well-conserved regions in exons 5, 7,

and 8 (10). In the ras genes, point mutations that can lead to cancer
occur in only a few codons, but mutations in the p53 gene have been
found in >30 codons that are well conserved in distant species.
Therefore, it is likely that mutations in these codons can cause the
protein to lose some of its vital functions. The mutational spectra seem
to vary between tumor types, but there are also mutational hotspots
common to different cancers.

Germ line p53 mutations have been found in families with the
heritable cancer syndrome Li-Fraumeni (II. 12). Germ line mutations
outside Li-Fraumeni families have also been found in individuals with

two different malignancies and in breast cancer families not of the
classical Li-Fraumeni type (13, 14). However, germ line p53 muta

tions are rare, and >98% of p53 mutations found in human cancers are
somatic mutations (10).

By using CDGE3 (15, 16), which is based on the DGGE technique,

we analyzed breast cancer samples for the presence of mutations in
exons 5, 7, and 8 in the p53 gene. This method is based on the melting
behavior of DNA strands which is determined by their sequence. In
this study, we compared 17p allelic loss in mutated and nonmutated
samples and attempted to link p53 mutation to clinical parameters and
prognosis in breast cancer.

MATERIALS AND METHODS

Tumor Material. A fresh excision biopsy specimen was obtained from 109
breast carcinomas. 102 priman' carcinomas, and 7 local recurrences and mÃ©

tastases. DNA was extracted from peripheral blood and tumor tissue using
standard phenol/chloroform extraction. The mean age of patients was 59.3
years (range, 33-94 years) compared with a mean age of 59.4 years for

Icelandic breast cancer patients during a period of 30 years (17). Table I shows
the clinical parameters for the 102 primary tumors.

PCR Amplification. DNA from tumor and blood samples was PCR am
plified using primers covering four regions of the />53 gene as previously
described (16). If mutations were found in tumor material. DNA from blood
leukocytes was screened to determine whether the mutation was present in the
germ line. Four sets of primers were used to amplify the conserved regions of
the p53 gene where most of the mutations have previously been found. PCR
was performed using 100-400 ng of template DNA in 10 imi Tris-HCl (pH
8.4/8.6). 50 mm KC1, 0.75-2.0 mm MgCI2. 0.2 mm each deoxynucleotide.
50-100 pmol of each primer, and 2.5 units of Taq polymerase (AmpliTaq;

Cetus). The total reaction volume was 100 ul. The reaction was amplified on
a Perkin-Elmer thermal cycler (Cetus) for 35 cycles consisting of 94Â°C(45-s
segment A, C, and D; 75-s segment B), 55Â°C(45-s segments C and D. 75-s
segments A and B), and 72Â°Cfor 60 s. The reaction was initiated with a 7-min
incubation at 94Â°Cand ended with 10 min at 72Â°C.The primers were synthe

sized by Genosys (Houston, TX). In every primer pair, one of the primers had
a GC clamp, creating a 60-mer primer (18). Only the 60-mers were ordered

purified.
Fragment A (exon 5) sense primer was (5'-TTCCTCTTCCTGCAGTACTC-

3') and antisense primer was (5'CGCCCGCCGCGCCCCGCGCCCGTCC-
CGCCGCCCCCGCCCGTGGCGCGGACGCGGGTGCCG-3'), fragment B
(exon 5) sense primer was (5'CGCCCGCCGCGCCCCGCGCCCGTCCC-
GCCGCCCCCGCCCGTTCCACACCCCCGCCCGGCA-3') and antisense

' The abbreviations used are: CDGE, constant dÃ©naturantgel electrophoresis; DGGE.

dÃ©naturantgradient gel electrophoresis; PCR. polymerase chain reaction; LOH. loss of
heterozygosity; TAE buffer. 40 m.MTris acetate. 1 mw EDTA, pH 8.O.
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Table 1 Clinical parameters for primary tumors

ValueTumor

type(7r)Infiltrating
ductalLobularOlherUnknownNode

status(%)NegativePosiliveUnknownTumor

size(%)<2
cm2-5
cm>5

cmUnknownEstrogen

receptorC/HNegalivePositiveUnknownProgesterone

receptor (r*)NegativePositiveUnknownAge

(yr)MeanRange79.214.84.02.033.75Ã•.410.922.865.38.93.020.878.21.023.875.21.058.533-94

In exon 8. PCR primers were 5'-Biotin-TTGGGAGTAGATGGAGCCT-.V and
5'-AGTGTTAGACTGGAAACTTT-.V. and the sequence primer was 5'-AG-

GCATAACTGCACCCTTGG-.V. PCR was performed using 2(X) ng of tem

plate DNA in 35 nisi KC1. 2.0 HIMMgCI2. 0.16 rmi of each deoxynucleotide.
25 pmol of each primer, and I unit of Taq polymerase (AmpliTaql. The total
reaction volume was 40 ul. The reaction was amplified for 25 cycles consisting
of 94Â°Cfor 35 s, 58Â°Cfor 60 s, and 72Â°Cfor 30 s. The PCR product was

immobilized by binding it to streptavidin on magnetic beads as a solid support
(Dynabeads M280 streptavidin; Dynal AS. Oslo. Norway) (19) and then se-

quenced by the dideoxy chain termination method with the Sequenase 2.0 kit
(United Stales Biochemicals).

Alleile Loss. Allelic loss was examined by the Southern blotting method
for 5 different markers on chromosome 17 (20. 21 ). Three of the DNA markers
[pYNZ-22 (22). pYNH37.3. and pl44D6| map to I7pl3.3. The two others map

to the p53 locus; one is a genomic p53 probe. pBHP53 (23). and the other is
a PCR-amplified AccU polymorphism within the p53 gene (24).

Statistical Analysis. To assess the effect of the p53 mutation on survival,
multivariate analysis was performed using the Cox proportional ha/ards model
(25 ). We tested whether the presence of the p53 mutation affected survival after
taking into account the effects of nodal status, tumor si/.e, and age at the time
of diagnosis. Covariates were selected in a stepwise fashion, using the maxi
mum likelihood ratio and the statistical package BMDP (BMDP Statistical
Software. Los Angeles. CA).

primer was (5'-GCCCCAGCTGCTCACCATC-3'l; fragment C (exon 7) sense
primer was (5'-CACCATCCACTACAACTACA-3f) and antisense primer
was (S'-GCGGGCGGCGCGGGGCGCGGGCAGGGCGGCGGGGGCGGG-
CAGTCTTCCAGTGTGATGATG-3'); and fragment D (exon 8) sense primer
was <5'-ATCCTGAGTAGTGGTAATCT-3') and antisense primer was <5'-

GCGGGCGGCGCGGGGCÃ‡GGGGCAGGGCGGCGGGGGCGGGCTACC-
TCGCTTAGTGCTCCCT-3'). All PCR products were checked for purity on

7.5% acrylamide gels.
DÃ©naturant Gels. DÃ©naturantgels were made of 12.5% acrylamide in TAE

buffer and /V./V-diallytardiamide as cross-linker (0.93 g/KM) ml). DÃ©naturant

gels were made from varying concentrations of urea and formarnide. DÃ©natur
ant ( l()0'7r) consisted of 7 Murea and 40% formamide. Constant dÃ©naturantgels

had a uniform dÃ©naturantconcentration throughout the gel. but dÃ©naturant
gradient gels had a perpendicular denaturation gradient. Electrophoresis was
performed in TAE buffer at 56Â°Cand a 80 V constant. The size of the gels was

10 x 8 x 0.1 cm. After the gel was electrophoresed. the DNA bands were
visualized by staining in ethidium bromide solution (2 mg/liter of TAE). All
samples were run on CDGE. and suspected mutants were then run on DGGE
(Fig. 1).

DNA Sequencing. DNA sequencing was performed to determine the nu-

cleotide position and the nature of the mutations found with the CDGE tech
nique. PCR was performed with one biotinylated primer. In exon 5. PCR
primer sequences were S'-Biotin-TTCAACTCTGTCTCCTTCCT-.V and
5'-GCAATCAGTGAGGAATCAGA-3'. and the sequence primer was 5'-
CAGCCCTGTCGTCTCTCCAG-3'. In exon 7. PCR primers were 5'-Biotin-
AGGCGCACTGGCCTCATCTT-3' and 5'-AGGGGTCAGCGGCAAGCA-
GA-3'. and the sequence primer was 5'-TGTGCAGGGTGGCAAGTGGC-3'.

RESULTS

Mutations in the p53 Gene. A total of 109 breast tumor samples
were screened for mutations in four "hotspot" regions corresponding

to most of the evolutionary conserved areas of the Â¡>53gene with the
CDGE method. Using this method, we found mutations in 17 samples:
3 in hotspot A (exon 5. codon 128-15.3). 4 in hotspot B (exon 5. codon
155-185). 7 in hotspot C (exon 7. codon 237-253). and 3 in hotspot
D (exon 8. codon 265-301 ) (Table 2). All except one mutation were

confirmed by direct sequencing. As a control, 7 randomly selected
CDGE mutation-negative tumor samples were sequenced, and no

mutations were detected. Mutations were found in 16 of 102 primary
carcinomas (15.7%) and 2 of 7 mÃ©tastasesand local recurrences
(28.6%). Sequencing results showed that in 13 samples a single nu-

cleotide substitution leading to an amino acid change had occurred. In
3 cases, there was a single base deletion leading to a frame shift
mutation. Ten of the base substitutions were transitions, and three
were G â€”¿�Â»T transversions. A wide range of mutations were found, but

the distribution of mutations corresponded to previously published
results (26). Matching blood samples of tumor DNA showing a mu
tation in the />5.i gene were analyzed to determine whether there was
a germ line change in the gene. No such changes were detected.

In one tumor (tumor 42). a complete loss of heterozygosity was
detected with probe BHP53. but no changes were found on the CDGE
gels. When sequenced. a 14-base deletion was detected in the 5' end

Fig. 1. Mutational analysis of the p53 gene. a. constant dÃ©naturantgel of PCR fragment in hotspot B (exon 5) siained with ethidium bromide. The gel was run al 541 dÃ©naturant
ne 2, sample is mutated: lane 7. posilive control, b. DOGE analysis of the same sample. The gel was run in a gradient from 20-70% dÃ©naturant,c. sequencing of the same sample.
â€”¿�>A mutaiion in codon 175.
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Table 2 Munitions in the [>53 gene confirmed by direct sequencing

Sample1131644103107141486370833695422055"102"Hotspot"AABBBBCCCCCCDDDCAExon555555777777888875Codon144151-152175173163182249248248237248241273273262Not

tested251141SequenceCAG->TAG5C-Â»4CCGC-Â»CACGTG->TTGTAC-Â»TGCTGC-Â»-GCAGG->AGTCGG-Â»CAGCGG->CAGATG-Â»ATACGG-Â»CAGTCC-Â»TTCCGT-Â»TGTCGT->TGTGGT->-ATC->A-CTGC-HTCBase

changeC->T1

basedeletedG-Â»AG->TA-Â»G1

basedeletedG-Â»TG-Â»AG-Â»AG->AG-Â»AC->TC-Â»TC->T14

basesdeleted1

basedeletedG-Â»TAmino

acid
changeGly-Â»stopArg->HisVa|->LeuTyr->CysArg-Â»SerArg->GlyArgâ€”

*GlyMettileArg->GlySer->PheArg->CysArgâ€”

Â»CysCys->Phe

" Hotspot A: exon 5. codon 128-153; hotspot B: exon 5. codon 155-185: hotspot C:
exon 7, codon 237-253: hotspot D: exon 8. codon 265-301.

fcSamples are recurrences from breast tumors.

Table 3 ResalÃswith individual probes

Chromosome
location Probe

No. of tumors Heterozygous Allelic
Enzvme tested informative losses

17pl3.317pl3.317pl3.3Total

17pl3.317pl3.117pl3.1Total

17pl3.1YNZ22YNH37.3I44D6BHP53Tiu/1Taq\Rsa\flimiHIAccl\"6734439088248854233679361637201222401561937.052.261.150.641.737.551.4
" PCR polymorphism in codon 72 of the p53 gene.

of exon 8 (codon 262). resulting in a frameshift mutation. The deletion
was within the PCR primer region of hotspot D. and therefore, only
the wild-type alÃelewas amplified. A big deletion starting in this

codon has been found in other tumors (6). This tumor was also
checked for allelic loss with three more distal markers on chromosome
17p. Loss of one alÃelewas detectable with all three, but the retained
alÃelewas also clearly visible. This indicates that the deletion in the
p53 locus occurred earlier than the deletion on 17pl3.3.

Allelic Loss. Of 109 samples, 102 were tested for allelic loss with
probes in the p53 gene and for DNA markers more distal on 17p.
Results for individual probes are listed in Table 3. LOH for 17pl3.3
markers was found in 40 of 79 informative samples (50.6%). The most
frequently lost marker was pl44D6 (61.1%). Loss with this probe is
more often associated with loss at the p53 locus than the other two
markers. LOH within the p53 gene, using probe pBHP53 and the PCR
polymorphism in codon 72. was detected in 19 of 37 informative cases
(51.4%). It should be noted that the probes within the p53 gene are
less informative than the 17pl3.3 markers.

LOH was examined for in 17 of the 18 samples with mutations in
the p53 gene. Eight cases were informative for the p53 gene, and 5 of
these showed loss of heterozygosity (62.5%) (Table 4).

Allelic loss with probe I44D6 was detected in 7 of 8 (87.5%)
informative mutated cases. Loss of heterozygosity with probes
YNZ22 and YNH37.3 was found in 7 of 13 (53.8%) informative
mutated cases (Table 4).

Clinical Parameters. All of the patients were checked for clinical
factors such as tumor type, tumor size, estrogen receptor/progesterone
receptor status, node status, age, and prognosis, as well as family
history of breast cancer. Only primary tumors were included in the
statistical analysis. A significant association was found between p53
mutation and absence of estrogen receptor protein in the tumors (P =
0.01) but not with respect to progesterone receptor (P = 0.3). No

statistically significant association was found between p53 mutation
and tumor type, tumor size, node status, age at diagnosis, or family
history. A highly significant association was. however, observed be
tween p53 mutation and survival (Fig. 2). Among the patients with
primary tumors. 6 of 16 patients with p53 mutation had died of breast
cancer by the end of the study period as compared with 8 of 85 of the
control group. Women with the p53 mutation had a 3.3-fold higher
risk of dying during the study period (P = 0.001 ) than those without

the mutation, after taking into account the effects of nodal status,
tumor size, and age at the time of diagnosis. Follow-up time was 3-56

months (mean, 32 months).

DISCUSSION

Mutations in the p53 gene are common in breast cancer. In our
study, we examined unselected consecutive samples. Mutations were
found in 15.7% of primary carcinomas and 28.6% of metastatic tissue.
Other investigators have reported higher frequencies of mutations in
the p53 gene in breast tumors. There is. however, considerable vari
ation in reported frequencies. Runnebaum el ul. (27) studied p53
mutations in breast cancer cell lines and primary tumors and found
p53 mutations in exons 5-9 in 17% (10 of 59) of primary tumors by

Table 4 AlÃeleloas in samples with p53 mutations

Sample no. pBHP53 pYNZ22 pYNH37.3 pl44D6

II31644103107414863708336954220NI*NIHLOHNIMMNINILOHNIHNILOHH_-LOH_NIHNI-NININININI_-LOHHHH-_LOH-LOHHHLOH-LOHNI_-__LOH_LOHH____LOHLOH-_H__LOH_NILOHLOHLOH-__LOH-

102'
LOH

NI
LOH NI

M
LOH
LOH

" PCR polymorphism in Â«xiÃ³n72 of the p53 gene.
'' H. heterozygous; NI. noninformative; -, not tested.
' Samples are recurrences from breast tumors.

100%

0%

Fig. 2. Relationship between p53 mutations and breast cancer survival, a. survival of
patients without p5J mutations, h, survival of patients with p53 mutations.

1639

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/7/1637/2453060/cr0530071637.pdf by guest on 19 M

ay 2023



pii MUTATIONS IN BREAST CARCINOMAS: PROGNOSTIC FACTOR

single strand conformation polymorphism analysis. Thompson et al.
(28) found mutations in 28% ( 17 of 60) of tumors studied in exons 5-9

using the amplification mismatch technique. A Norwegian study, in
which investigators studied exons 5-8 using exactly the same method

and conditions as in the present study, detected p53 mutations in 21%
(35 of 163) of primary breast tumors.4

The sensitivity of the CDGE method has been tested in a compar
ative study involving three laboratories where it was found to detect
100% of mutants under optimal conditions in exons 5-8 of the p53

gene (29). In a collaborative study of germ line mutations in breast
cancer patients from three different populations, 40 CDGE mutation-
negative samples from early-onset breast cancer cases were verified
by sequencing (13) . Randomly selected CDGE mutation-negative

samples from our study were also found to be negative by sequencing.
It is difficult to compare different studies. Our samples came from

a completely unselected series of patients. Most of the tumors were
small due to intensive screening. Overexpression of p53 protein has
been correlated with a higher stage of the disease. If p53 mutations are
more often detected in larger and more advanced tumors as indicated
by some studies (9), this might partly explain the slightly lower
proportion of p53 mutations detected in this population. In addition,
this study did not include exons 6 and 9 of the p53 gene.

The distribution of mutants within the p53 gene is in agreement
with other published data (6, 10. 26). More than 80% of p53 mutations
found have been in exons 5. 7. and 8. but mutations have also been
found in other regions of the gene, mainly in exon 6(10). Extending
the screening area might add to the mutations detected in our samples.
The/Â»5.imutations found in the present series were mainly transitions,
but 3 were transversions and 4 were deletions.

In samples with p53 mutation, loss of heterozygosity at the p53
locus was found in 62.5% of informative cases as compared with only
44.8% of samples that were not mutated. Although this is based on
only a few informative samples, it supports the idea that loss of a
functional p53 plays a part in the formation of the tumors.

Many investigators have found loss of heterozygosity at 17p in
breast tumors (8, 20, 21, 30). indicating that this region is important
for the formation of tumors in the breast. It has been suggested that
there might be two frequently lost regions on I7p. one at I7pl3.l (the
p53 locus) and the other at 17pl3.3 (probes pYNZ22. pYNH37.3, and
pl44D6) (31). In our series, a loss of heterozygosity with all of the
probes at 17pl3.3 was found more often in samples with p53 muta
tions (73.3% ) compared with nonmutated samples (45.3%). Our data
indicate that the I44D6 probe recognizes a site closer to the p53 gene
than do pYNZ22 and pYNH37.3. All of the mutants that do have a
deletion with pl44D6 also have LOH within the p53 gene (Table 4).
Because of lack of informative samples, this finding is based on only
a few samples, but it might indicate that there is another gene in the
I7pl3.3 region.

Changes at more than one site frequently occur in the same tumor.
Amplification of the erhB2 oncogene is another common alteration in
breast cancer and has been associated with poor prognosis (32). We
analyzed amplification of the erbB2 oncogene in these same samples
(data not shown). Amplification at the erhB2 locus was found in 47%
of samples with p53 mutation compared with 24% of nonmutated
samples.5 Altered cell cycle arrest and gene amplification potential

has been associated with loss of wild-type p53 in recent studies (33,
34). Livingstone et al. (33) found that loss of wild-type p53 involving

4T. I. Andersen. R. Holm. J. M. Nesland. K. R. Heimdal. L. Ottestad. and A. L.

BÃ¶rresen.Prognostic significance of TP53 alterations in breast carcinoma, submitted for
publication.

5 S. Thorlacius, B. Thorgilsson. O. Jonasdottir. S. Jonasdottir. J. BjÃ¶msson. H. M.

Ogmundsdottir. and J. E. EyfjÃ¶rd.ErhB2 oncogene amplification and pattern of cellular
expression in breast carcinomas, manuscript in preparation.

both copies of the gene, i.e., one mutated copy and loss of the other,
is necessary for normal cells to be able to undergo AMphospho-
nacetyl)-i.-aspartate (PALA)-selected amplification. Interestingly, in

our study, all of the tumors that had p53 mutation and crhB2 ampli
fication also had a deletion on 17p.

All patients were checked for family history of breast cancer. No
association was found between family history and p53 mutations,
which agrees with a lack of germ line changes in our samples. A
significant association was found between p53 mutation and low
levels of estrogen receptor protein in tumors (P = 0.01 ). This has been

reported in other studies (28, 35). Other factors indicative of the
seriousness of the disease, such as tumor size and node status, did not
show a significant difference between patients with and without &p53
mutation.

The patients in this study have been under observation for 3-56

months. When we look at mortality rates for this period, there is a
striking difference between patients with mutation and the controls. Of
the patients with primary tumors, a total of 14 had died by the end of
the study period: 6 (37.5%) of the patients with p53 mutation and 8
(9.4%) of the control group. According to this, p53 mutation is a
strong prognostic factor, apparently, irrespective of other factors.

In conclusion, in this study, we found p53 mutations in exons 5, 7,
and 8 in 16% of unselected primary breast tumors. Allelic loss around
the p53 locus was found more often in samples with p53 mutation,
supporting the idea that inactivation of both alÃelesof the gene can
lead to tumorigenesis. Amplification of the erbB2 oncogene was also
found to occur more frequently in />5.?-mutated tumors than controls.

Our data indicate that p53 mutation may be an important prognostic
indicator of short-term survival for breast cancer patients.
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