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Abstract

Objective  Abrogation of the function of TP53 gene is
supposed to lead to a more aggressive breast cancer phe-
notype that produces a less favorable clinical outcome. The
p21 gene on chromosome 6p21.2 can be stimulated by an
activated TP53 gene. A product of transcription, the p21
protein, an inhibitor of cyclin-dependent kinases, has its
function in gene repair and angiogenesis during cell divi-
sion, and can regulate apoptosis. The purpose of this
analysis was to examine for an association between the
genotypes measured on two single nucleotide polymor-
phisms (SNPs) located within the TP53 and p21 genes.
Methods In a clinical epidemiological case—control study,
814 individuals were recruited. 550 samples (275 cases/275
control) of peripheral blood obtained from women (aged
22-87 years) with breast cancer and from healthy women
(aged 23-87 years) were genotyped for frequencies of the
following gene variances: R72P/rs1042522 (gene TP53)
and S31R/ss4388499 (gene p21).

Results For the variance in gene TP53 no significant
differences between the control group and women with
breast cancer could be estimated. For the variance in gene
p21 a statistically significant association between the SNP
measured within p2]/ and breast cancer status was
observed. The odds ratio for the increased risk for those
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carrying the CA genotype as opposed to the CC genotype is
1.74 (95% confidence ratio = 1.00-3.05).

Conclusion Despite this finding p2/ does not appear to
act as an exclusive prognostic marker for breast cancer
disease.

Keywords R72P/rs1042522 (gene TP53) -
S31R/ss4388499 (gene p21)

Introduction

By searching genetically determined reasons for cancer,
genes have been classified according to their triggering
impact. These genes regulate cellular proliferation and dif-
ferentiation. A mutation can transform a regulating gene into
an oncogene. A pivotal part of cancer research is focused on
tumor suppressor genes, e.g. TP53 gene on chromosome
17q13 and p21 gene on chromosome 6p21.2. The human
tumor suppressor gene TP53 encodes a transcription factor at
the centre of a network which inhibits cell growth and
stimulates apoptosis in response to cellular stresses such as
DNA damage. The TP53 protein is one of the most important
regulator proteins and prevents cell division in case of
irreparable damages to DNA. Increase in the concentration
of TP53 protein results in a transcriptional activation of p21/
gene and arrest of cell cycle (Deppertet al. 1990; Kastan et al.
1991; Kuerbitz et al. 1992; Shohat et al. 1987; Steinmeyer
et al. 1990). Depending on the phase of cell cycle, varying
concentrations of TP53 protein can be determined reflecting
the specific function within, for example growth regulation,
cell proliferation or lymphocyte stimulation (Mercer et al.
1984; Milner and McCormick 1980; Reich and Levine
1984). Mutation of a gene can impair its protective function
and thus promote tumorigenesis.
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Studies of the TP53 gene in women with breast cancer
show a mutation rate of 20—40% (Osin and Lakhani 1999).
Altered TP53 proteins cannot be degraded or are not able to
interact correctly with the DNA. Because of the prolonged
half-life of the altered protein its concentration increases.
Calabretta et al. (1986) have reported this observation as
the trigger for exponential cell growth. Analysis of dif-
ferent human and murine tumor tissues (colorectal tumors,
lung cancer, bone and lymphoid tumors, breast cancer,
sarcomas, Li-Fraumeni syndrome) shows varying TP53
genes (Baker et al. 1989; Doll and Peto 1981; Lavigueur
et al. 1989; Malkin et al. 1990; Takahashi et al. 1989;
Vogelstein et al. 1988).

Besides the TP53 protein a series of other proteins
control cell cycle (cyclins, cyclin-dependent kinases,
cyclin-dependent kinase inhibitors) (Soehnge et al. 1997).
One of these is the p21 protein, which is called cyclin-
dependent kinase inhibitor 1. This protein delays and
stops the cell cycle in the Gl-phase (Kaul et al. 2003)
and has its function during gene repair, within angio-
genesis (Weiss et al. 2003). p21 regulates apoptosis by
blocking phosphorylation of the cyclin-dependent kinase
(Asada et al. 1999; Li et al. 2002). Polymorphism of the
p21 gene results in altered transcripts and suppressed
apoptosis. The repair mechanisms of the cell are then
weakened.

Some publications report of correlations between breast
cancer and polymorphisms of p2I gene (el Deiry et al.
1993; Field and Spandidos 1990; Gulbis and Galand 1993).
Our study examined a variance of the p2/ gene: S31R/
$s4388499, which is known to be correlated to an increased
risk for breast cancer (Lukas et al. 1997). We focused not
only on the single SNPs R72P/rs1042522 of gene TP53 and
S31R/ss4388499 of gene p2l but examined both SNPs
in parallel in the largest German population-based case—
control study to evaluate whether there is an association
with breast cancer risk. In addition, we asked whether there
is a difference between the group of women with breast
cancer and the control group of women without known
malignant disease concerning the variances S31R of gene
p21 and R72P of gene TP53. Further questions were: Are
there differences between the duration of disease and fre-
quency of these variances? Are there differences between
tumor classification (TNM system) and frequency of these
variances? We also evaluated whether there would be an
association between the histological grading of tumors and
the genotype.

Our cohort for the present study including 275
German women with breast cancer and 275 age-matched
women without known malignant disease is a well-
specified and characterized cohort that is described also
in the publications of Kammerer et al. (2004) and Hoyal
et al. (2005).
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Materials and methods
Study population

Our case—control study contains 814 questionnaires for
which 427 women with breast cancer and 387 women
without known malignant disease were recruited. For
example, because of missing information within anamne-
sis, missing matched pair partner or known hereditary
history of breast cancer disease, only 275 samples of each
group were analyzed. The two groups were matched for
age, genetic origin, status of menopause, and substitution
with hormones or antagonists. All women involved repor-
ted both parents to be of German ancestry. Concerning
breast cancer, classification of tumor and histology was
evaluated. The study population has been described pre-
viously (Hoyal et al. 2005; Kammerer et al. 2004). All
women involved in our studies signed a written informed
consent. The study was conducted according to protocols
approved by the Institutional Ethics Committees.

Primer design

The SpectroDESIGNER 2.0 software supplied by Seque-
nom (San Diego, CA, USA) was used to design PCR
primers, which flank the SNP and result in a product of
80-120 bp length.

The PCR primer were chosen from a distance of 10 bp
to the SNP and should fulfill the following criteria: G 4+ C
of about 40-70%, mixture of all four bases, one base
repeated not more than four times, melting temperature at
60°C. The extension primers were chosen to flank the SNP
directly and to result in useful truncations, and a melting
temperature of 53°C. All primers were tested whether they
bind only once to the genome and that they will not interact
among one another. The PCR primer producing the com-
plementary strand to that produced by the extension primer
was supplied with an universal sequence, which later on
allowed the assembly of a biotin molecule (Table 1).

DNA quantification

The blood samples were frozen at —80°C within 12 h of
collection and sent on dry ice to Sequenom, San Diego, CA,
USA. DNA from 5 ml blood of each sample was extracted

Table 1 Overview of used primers and termination mix

TP53 p21
Primer 1 aagacccaggtccagatg gtcegtcagaacccatgegg
Primer 2 gcggtgtaggagetgetg ctccagtggtgtcggtgac
Extension primer gccagaggcetgeteece cagcgageagetgag

Termination mix ddA ddC ddT dG ddC ddG ddT dA
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using a desalting method. DNA pools were generated by
combining equimolar amounts of each sample as described
elsewhere (Bansal et al. 2002; Buetow et al. 2001).

Concentrations of genomic DNA were determined using
PicoGreen reagent and protocol from Invitrogen (Carlsbad,
CA, USA). Fluorescence was quantitated with the Fluo-
roskan Ascent Fluorescence 96/384 Plate Reader (Thermo
Labsystems, Helsinki, Finland), at an excitation wave-
length of 485 nm, and emission wavelength of 538 nm.
DNA samples were adjusted to a concentration of 5 ng/ul
and 5 pl was used for PCR.

PCR protocol

Standardized conditions were used for PCR. 25 ng geno-
mic DNA were added to 200 pmol of each dANTP, 23 pmol
of genespecific primer 1, 1 pmol of genespecific primer 2
with the universal sequence and 10 pmol of biotinylated
universal sequence primer (5'-bio-AGA ACC CAT GCG
GCA GCA AGG-3'). The reaction was started with 1 U of
Tagq hotstart polymerase (Qiagen, Chatsworth, CA, USA).
The final volume was 50 pl. The PCR primer 2 created a
complementary DNA strand to that created by the Mass-
EXTEND primer. The temperature profile used was as
follows: denaturing at 95°C for 15 min, then 45 cycles at
95°C for 20 s, 56°C for 30 s and 72°C for 20 s, completed
by 72°C for 3 min.

Preparation of the single-stranded DNA
for the MassEXTEND reaction

Streptavidin-coated paramagnetic beads (Dynal, Oslo,
Norway) were used to immobilize the PCR products
through their biotin residues. Then the double strand was
denatured by adding 0.1 M NaOH at room temperature.
After removal of NaOH and neutralizing by adding 10 mM
Tris—HCI solution the beads with single-stranded PCR
products were used for the MassEXTEND reaction.

Primer extension protocol

MassEXTEND reactions were carried out with a gene-
specific extension primer and a SNP-specific nucleotide
termination mixture. This termination mixture enables the
extension of the primer or the truncation of the strand
depending on the nucleotide at SNP location. 15 pl of
reaction volume contained 1 U ThermoSequenase (Amer-
sham Pharmacia Biotech, Piscataway, NJ, USA), 50 pmol
of appropriate termination mixture and 10 pmol of test-
specific MassEXTEND primers. The extension reaction
was carried out as follows: initial denaturation step at 80°C
for 30 s, followed by 3 cycles of 45°C for 15 s and 72°C
for 1 min. Extension products were solubilized with

ammonium hydroxide and 15 nl of each sample applied to
a SpectroCHIP by a piezoelectric pipetting machine.

MALDI-TOF mass spectrometry

On a 384-well chip the products together with the matrix
(3-hydroxy-picolinic acid) form homogenous crystals. Next
the chip was analyzed with a MassARRAY mass spec-
trometer (Bruker-Sequenom, San Diego, CA, USA). With a
337 nm laser pulse the extension products were unhinged
from the crystals, ionized and accelerated within the elec-
tric field of the mass spectrometer. The velocity is recip-
rocally proportional to the quotient of mass and electric
charge. The bigger the mass or the longer the product, the
longer was the flying time (MALDI-TOF, matrix-assisted
laser desorption ionization-time-of-flight mass spectrome-
try). The mass spectra were analyzed with SpectroTYPER.

Statistical analysis

The #* test was used to determine associations between
presence of the TP53 and p21 polymorphisms and various
clinico-pathological features of the breast tumors, as well
as for independence of the alleles (Hardy—Weinberg equi-
librium). The associations were also tested with Fisher’s
exact test, which is more robust than the y” test when class
sizes are small. Analysis was carried out using the SPSS
software package (Chicago, IL, USA).

Results

The purpose of the study was to test for an association
between the genotypes measured on two SNPs located
within the TP53 and p21 genes. To verify that systematic
genotyping errors were not introduced, the genotype fre-
quencies of each SNP were compared to their expected
proportions under Hardy—Weinberg equilibrium in the
control subjects. The results of this analysis are shown in
Table 2. Neither SNP showed statistically significant
deviations. This table also provides the observed relative
allele frequencies for each SNP.

To test the association between the genotypes at each
SNP and breast cancer affected status, a simple ;(2 test of
independence was carried out. The genotype frequencies in

Table 2 Control of genotypes, test of deviation from Hardy—Weinberg
proportions in control subjects

2

Allele frequency D b4 P value

TP53  0.7371542
p21 0.9486166

—0.009799403  0.647144  0.4211356
—0.002640254  0.742309  0.3889222
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the cohorts and controls, as well as the results of the
hypothesis test are shown in Table 3. Applying a nominal
significance level of o = 0.05, a statistical significance
could be evaluated for the examined p2/ wild type
CC-allele and breast cancer (P = 0.03391). A more frequent
number of p21 CA-genotypes was recognized compared to
the control. The significance could be confirmed by
Fisher’s exact test (P = 0.04366). The SNP within the p21
gene is statistically significant, with the cases showing an
excess of the CA-genotype as compared to the controls.

In addition to testing for association within each gene
separately, they were also combined to evaluate possible
interaction effects. The results of this test are also shown in
Table 3. This result is not statistically significant. This was
also compared using Fisher’s exact test, as well as mod-
eling the interaction effects in a general linear model. Each
of these supported the results shown in Table 3.

The total group was stratified according to different
parameters: age, age of diagnosis and duration of malig-
nancy, size of tumor (TNM system), lymph node metas-
tases or metastases at all, histological grading of tumors.
Concerning the parameter age the observed higher numbers
of patients in the groups of age 50-59 and 60-69 showed
the typical age relation of breast cancer disease. No sta-
tistical significance was found within the evaluated
parameters. As example, Tables 4 and 5 are given for
duration of malignancy and histological grading.

Table 3 Frequency of mutations and x> test to healthy control
collective

Breast cancer ~ Healthy control ~ Test statistics

p21
(CO) 228 (83.5%) 244 (89.7%) 72 =4.499

P = 0.03391
(CA) 45 (16.36%) 28 (10.18%) Fisher’s exact test

P = 0.04366
Missing 2 3 Not included
TP53
(CO) 17 (6.3%) 14 (5.5%) 75 =0.11

P = 0.94502
(CG) 108 (41.1%) 103 (40.5%) Not significant
(GG) 138 (52.6%) 137 (54%) Not significant

12 21 Not included

p21:TP53
(CC:GG) 115 (44.9%) 121 (48.2%) Not significant
(CC:CG) 91 (35.5%) 92 (36.6%) Not significant
(CC:CC) 12 (4.7%) 12 (4.8%) Not significant
(CA:CC) 5 2%) 3 (1.1%) B2 =45

P = 0.48022
(CA:CG) 15 (6.2%) 10 (4%) Not significant
(CA:GG) 23 (9%) 13 (5.2%) Not significant
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Histological grading of tumors correlated with genotype
did not result in highly significant differences (Table 5).
Statistical analysis showed P values between P = 0.21721
and P = 0.87035. For groups G1 and G2, the distribution
of CG/CC:CA variances was comparably low (G1 3.125%
and G2 7.103%). In group G3, the combination of vari-
ances CG/CC:CA was higher 13.333%.

Discussion

In recent times, a plethora of studies has been published
which have attempted to enhance our understanding of the
determinants of breast cancer disease by analyzing tumor-
associated variances of genes thought to be of biological
relevance in the carcinogenic process. In the present study,
we have evaluated two SNPs located within the 7P53 and
p21 genes: R7T2P/rs1042522 (gene TP53) and S31R/
$s4388499 (gene p21). Concerning these SNPs a case—
control study was performed to epidemiologically distin-
guish between women without known malignant disease
and women with breast cancer. As the origin of patients has
an impact on analysis of genes, women with breast cancer
were therefore matched for origin and also for age
(£3 years) to women without known malignant disease.
Women of control group were 23-87 years old (mean
58.36 years) and women with breast cancer were 22-87
years old (mean 59.26 years).

No significant correlation was observed between the
combination of p21:TP53 genes with the variances CA:CC/
CG and breast cancer compared to control. Also for this
combination of genes there was no indication that an
increased frequency would be observed by analyzing age
subgroups (<39, 40-49, 50-59, 60-69, 70-79, and >80
years). Further the time of diagnosis, duration of disease,
did not influence the results.

Several studies have shown a correlation between
mutations of gene TP53 and the TNM classification
(Castells et al. 1999; Crook et al. 1997). Silva et al. (1999)
reported a significant correlation between breast cancer
with or without changes of TP53 protein in plasma com-
pared to lymph node contribution, the index of prolifera-
tion, and growth of tumors. In our study, we examined
possible correlations between the size of tumor and vari-
ances in the genes TP53 and p21, but we detected none.
Nor did we detect a correlation between variances in these
genes and lymph node metastases. In our study, we did not
examine concentrations of proteins in plasma, but poly-
morphisms of alleles, that contribute to changes in proteins.

The most widely studied is the Ex4 + 119C > G poly-
morphism in codon 72 of exon 4 (TP53-01; rs1042522),
which encodes an arginine-proline substitution. Mean-
while 37 SNPs in the TP53 gene have been identified
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Table 4 Correlation between duration of malignancy and variances of examined genes

Duration of malignancy Amount of malignancies/ TP53 p21 p21:TP53 (CA:CC/CG)

(months) controls
(CA) (CO) (GG) (CA) (CO)

>61 73/73 32/27 8/3 30/40 10/7 63/65 6/5

Test statistics 12 =2.85714 %2 = 0.55379 Not significant
P = 0.09097 P = 0.45677

49-60 10/10 3/6 0/0 7/1 1/1 9/9 0/0

Test statistics Not significant Not significant Not significant

37-48 20720 9/10 0/0 11/10 311 16/18 1/1

Test statistics Not significant 72 = 1.1765 Not significant

P =0.29043
25-36 22/22 6/8 1/1 14/10 4/1 18/21 1/1
Test statistics Not significant 2} = 2.03077 Not significant
P = 0.15414

13-24 39/39 20/15 2/0 15/22 6/4 32/35 3/1

Test statistics X% =0.81873 X% =0.52143 Not significant
P = 0.36556 P =0.47023

<12 81/81 33/28 5/6 42/41 18/11 63/70 9/3

Test statistics %2 = 0.07306 72 = 2.05808 72 = 4.499
P = 0.78694 P =0.1514 P =0.03391

Table 5 Polymorphism and tumor grading

Grading TP53 p21 TP53:p21
Group size (CC/GG/CG) (CCICA) (CG/CC:CA)
G1 tumors
32 0/16/13 29/3 1 (3.125%)
Test statistics 3> = 0.092222 > =1.00994 5> = 1.07205
P =0.76137 P = 0.31492 P = 0.30048
G2 tumors
183 12/90/71 149/28 13 (7.103%)
Test statistics x> = 0.03506 % = 0.04487 2> = 1.00994
P = 0.85146 P = 0.83225 P = 0.31492
G3 tumors
45 3/20/19 35/10 6 (13.333%)
Test statistics 3> = 0.02664 > = 1.152274  z* = 0.48521
P = 0.87035 P = 021721 P = 048713

(Packer et al. 2006). However, a recent pooled analysis of
more than 8,700 women with breast cancer and 10,000
controls indicated no overall association of the codon 72
polymorphism with breast cancer risk, and no evidence for
modification by age at onset (The Breast Cancer Associa-
tion Consortium 2006). So our study is in accordance with
the results of this American study. 7P53 variants can also be
the consequence of spontaneous mutations within the tumor
cell, leading to alterations of tumor progression and che-
moresistance (McCubrey et al. 2008). This recent results
may elucidate all fruitless efforts to charge 7P53 with
responsibility for breast cancer disease.

We found no correlation between variances in gene
TP53 or p21 concerning lymph node metastases or other
forms of metastases. The distribution of histological results
represents a normal distribution as it is depicted in the
regional analysis TZM (Manual des Tumorzentrums
Miinchen) (Sauer 2005) of the area of Munich, Bavaria,
Germany. To explain the analysis grading of tumor as to be
of significance for the G3 tumors (Table 5) the case
number is too low. There is no literature about the corre-
lation between histological grading and analysis of genes
TP53 and p21.

Dunning et al. (1999) have reported a correlation for the
variance R72P and breast cancer. In our study, we could
not confirm these results. Our spectroscopic analysis with
the described protocol could not show such a correlation.
To exclude systemic errors, we compared the analyzed
gene types of women with breast cancer to gene types of
control by Hardy—Weinberg equation. No significant
deviation could be seen within this cohort with a frequency
of 6% for the proline allele in gene TP53 R72P polymor-
phism for the control group.

A frequency of 16% could be shown for the arginine
allele in p21 S31R polymorphism. Chedid et al. (1994)
report a frequency of 14% for the p21 gene polymorphism
in codon 31. Our data also show a significant difference
between cohort and control concerning this variance
(X% = 4.499; P = 0.03391). The odds ratio for the higher
risk of women with CA gene type compared to CC gene
type is 1.74 (95% confidence ratio = 1.00-3.05). Recent
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studies indicate an impact of the S31R variance and
prognosis for other carcinomas (Bahl et al. 2000; Hachiya
et al. 1999; Keshava et al. 2002; Yair et al. 2000). Such a
correlation between breast cancer and SNP S31R is not yet
fully understood (Powell et al. 2002; Sjélander et al. 1996).
Our results indicate for a link within as it is also described
by Powell et al. (2002) and Keshava et al. (2002) for
Australians and Americans with European, African or
South American origin. The serine variant (codon 31
polymorphism) is involved in the increased risk and
development of breast cancer.

Small case numbers are better analyzed by Fisher exact
test. Even with this test, we were able to demonstrate that
the variance in the gene p2/ shows a higher risk for breast
cancer (P = 0.04366). The group size in the latter publi-
cations was in the same range as ours, Powell et al.
(2002)—n = 351, Keshava et al. (2002)—n = 160, our
study—n = 275. In our cohort we had slightly more
polymorphism (16%) than it is reported for the study by
Keshava et al. (2002): 12%, but as many as it was reported
by Powell et al. (2002): 16%. This study did not analyze a
control group but took results from six earlier studies as
reference with n = 1,525. Especially for subgroups with
African and South American origin a significant correlation
between p2/ polymorphism and breast cancer was repor-
ted. Our study confirmed the strong correlation between
p21 polymorphism and breast cancer in our cohort.

The polymorphism S31R/ss4388499 in gene p2I was
significantly more frequent in the breast cancer group.
Despite this finding p27 does not appear to be a probable
candidate biomarker for screening breast cancer disease.
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