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Summary
 Background: This study aimed to examine the relationship between XRCC1, p53 and MDR1 protein, along with 

polymorphisms of their genes and their prognostic values in breast cancer. The following clinical 
and pathological parameters were evaluated: histopathological type of tumor, grade, stage, Her2/
neu expression, ER, PR positivity and involvement of regional lymph nodes.

 Material/Methods: Expression of proteins was determined in 39 samples of breast cancer by immunohistochemis-
try. Nucleotide polymorphisms were analyzed by PCR-RFLP. For statistical analysis, chi-square test 
(Yates), Fisher’s exact test, and correlation test were used to analyze the data.

 Results: The highest protein expression was immunohistochemically found in MDR1 protein, with 54% of sam-
ples testing positive. In addition, the evaluation of MDR1 expression revealed higher positive immuno-
reactivity in lobular (LIC) and other types of tumor in comparison to ductal (DIC) type. The expres-
sion of p53 and XRCC1 protein was equal, but lower compared to MDR1, both testing positive in 36% 
of all tissue samples. Comparison of XRCC1 protein and histopathological type of tumor revealed that 
DIC and LIC types were mostly XRCC1-negative, while other types, papillary and mucinous were more 
likely to be XRCC1-positive. Interestingly, when evaluating LIC samples separately, a negative correla-
tion between the Her2/neu and expression of XRCC1 was detected. Apparently, all Her2/neu-posi-
tive samples were XRCC1-negative (6/86%). The correlation test indicated a negative correlation be-
tween Her2/neu-positive samples and XRCC1-negative specimens (r=1, p<0.05). Statistical analysis did 
not reveal a correlation of p53 expression with clinical and pathological parameters. Similarly, no sta-
tistically significant difference was found between the tested polymorphisms and protein expression.

 Conclusions: We did not find statistically significant correlation between tested polymorphisms and their pro-
tein expression.
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Background

Breast cancer is one of the most common human neoplasms, 
accounting for approximately one quater of all cancers in 
females [1]. Its occurrence is associated with the lifestyle in 
advanced economy countries, with the highest incidence in 
the Western countries. The frequency of breast cancer re-
mains high, and its clinical courses are markedly variable. 
It is therefore of utmost importance to predict the biology 
of the tumor and subsequently the course of the disease in 
the individual patient in order to choose adequate thera-
py and patient surveillance. Surgery remains the principal 
therapeutic approach in breast cancer. Advanced cases re-
quire supplementary therapy involving pharmacotherapy 
and/or radiotherapy. The main reason for therapeutic fail-
ure in cases of invasive breast cancers involves resistance to 
diverse regimens of chemotherapeutics and radiotherapy.

X-ray repair cross-complementing protein 1 (XRCC1) is re-
quired for single-strand break repair in human cells. Several 
polymorphisms in this gene have been implicated in cancer 
risk and clinical prognostic factors. The XRCC1 gene is lo-
cated on chromosome 19q13.2 and contains 17 exons [2]. 
The gene shows that 3 relatively common polymorphisms 
affect the amino acid sequence in codons 194(Arg/Trp), 
280(Arg/His), and 399(Arg/Gln) [3]. Several reports in-
dicate that the variant alleles of the repair gene polymor-
phisms may affect DNA repair function. DNA repair profi-
ciency has also been proposed as a potential susceptibility 
factor for breast cancer [4]. On the other hand, cells defec-
tive in XRCC1 have increased sensitivity to ionizing radiation, 
UV, hydrogen peroxide, and mitomycin [5]. Identification 
of the factors that characterize the resistant cases would 
permit immediate treatment of the patients with alterna-
tive therapeutic approaches.

Many therapeutic agents act by damaging DNA, which may 
in certain contexts function as a signal to trigger apoptosis. 
p53, encoded by the Tp53 gene, is considered as one of the 
most commonly aberrant tumor suppressor genes in human 
cancer. It is a nuclear phosphoprotein capable of binding 
to specific DNA sequences and activating specific target 
genes. Normal p53 exerts its antiproliferative action by in-
ducing reversible or irreversible cell cycle arrest, or apop-
tosis. Various mechanisms, such as Tp53 mutations, alter-
ation of p53 regulators, or alteration of p53 target genes, 
often alter the normal function of p53 in cancer cells. The 
mutations can result in accumulation and overexpression 
of mutant p53 protein. In normal cells, the expression lev-
el of p53 protein is generally below the detection level of 
immunohistochemical methods. Mutations of p53 have 
been detected in more than 50% of human cancers [6]. 
Overexpression of p53 (detected immunohistochemical-
ly) has been found in breast, colon, lung, and brain can-
cers, and is usually associated with tumor progression and 
unfavorable prognosis [6]. This overexpression is thought 
to be due to either stabilization of mutant p53 or stabili-
zation of wild-type p53 by interaction with other proteins 
that prevents its degradation. These events can lead to loss 
of the function of p53 as a transcription factor involved in 
the regulation of the cell cycle.

ABC transporters belong to the family of transporter pro-
teins that contribute to drug resistance via ATP-dependent 

drug efflux pumps. P-glycoprotein (P-gp/MDR1), encod-
ed by the MDR1 gene, is an ABC transporter normally in-
volved in the excretion of toxins from the cells. It also con-
fers resistance to certain chemotherapeutic agents such as 
anthracyclines, vinca alkaloids, colchicines, epipodophyllo-
toxins, and paclitaxel [7]. MDR1 is overexpressed in che-
motherapy-resistant tumors (colon and kidney cancers). It 
is regularly upregulated after disease progression following 
chemotherapy in various malignancies such as leukemia and 
breast cancer. The results from a breast cancer meta-analysis 
indicated that MDR1 expression could be detected in 41% 
of breast cancer patients, with increased levels post-thera-
py [8]. The expression of MDR1 may indicate the presence 
of multidrug-resistant clones from which tumor recurrence 
and dissemination might arise [9].

The main aim of our study was to determine XRCC1, p53 
and MDR1 gene polymorphisms in breast cancer patients and 
to compare them with related protein expressions in tumor 
tissue samples. In addition, the expression levels of XRCC1, 
p53 and MDR1 gene products correlated with histological 
type, stage and grade of tumors, and involvement of region-
al lymph nodes. Finally, the co-expression and relationship 
among XRCC1, p53, MDR1, Her2neu, ER, and PR proteins 
were assessed and evaluated as possible prognostic markers.

Material and Methods

Patients and clinical samples

Immunohistochemical analysis was performed retrospec-
tively on tissue samples taken for routine diagnostic purpos-
es. The cases were selected based on tissue availability and 
were not stratified for known preoperative or pathological 
prognostic factors. The patients gave their informed con-
sent before their inclusion into the study.

Fragment samples from studied tumors were fixed in 9% 
buffered formalin and embedded in paraffin. In every case, 
hematoxylin and eosin stained preparations were subjected 
to histopathological evaluation by 2 pathologists. The stage of 
the tumors was assessed according to the TNM classification 
system [10]. Tumor grade was estimated according to Bloom-
Richardson and the modification of Elston and Ellis [11].

In this study, we used 39 samples of breast carcinoma. The 
samples were obtained from the Department of Pathology, 
Pasteur Faculty Hospital, Košice, Slovak Republic.

Patients and tumor characteristics are summarized in Table 1.

Immunohistochemical detection of XRCC1, p53, MDR1, 
ER and PR

Thirty-nine samples of breast carcinoma were evaluated for 
expression of XRCC1, p53, MDR1, ER and PR. The indi-
rect enzymatic immunohistochemical method was used to 
detect these proteins. Formalin-fixed, paraffin-embedded 
tissue blocks were cut (7 µm) and attached to the slides. 
Next, the slides were processed for immunohistochemistry.

The slides were deparaffinized, rehydrated and washed with 
phosphate-buffered saline containing 0.05% Tween-20 (PBS-
Tween), pH 7.6. Endogenous peroxidase was quenched in 
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0.3% H2O2 (3% H2O2 for ER and PR) in methanol for 30 
min (minutes) at room temperature and slides were washed 
in PBS-Tween. According to the analyzed protein, sections 
were pretreated in citrate buffer solution in the microwave 
oven. The slides stained for XRCC1, p53 and MDR1 were 
pretreated for 2×5 min for estrogen and progesterone recep-
tors in Target Solution (DakoCytomation, Denmark) for 45 
min. XRCC1, p53 and MDR1 staining procedure continued 
by blocking nonspecific staining with blocking buffer (milk 
buffer) for 30 min in a humidified chamber at room tem-
perature. Blocking buffer was removed from slides by flip-
ping the slide without rinsing, and the primary antibodies 
were applied overnight in a humidified chamber at 4°C. As 
primary antibodies monoclonal antibody to XRCC1 (Ab-3 
clone 144, Lab Vision Corporation), monoclonal antibody 
to p53 (BP53-12, Alexis Biochemicals), monoclonal antibody 
to MDR1 (UIC2, Santa Cruz Biotechnology, Inc.), mono-
clonal antibody to mouse anti-human estrogen receptor á 
(clone 1D5, Dako Cytomation, Denmark) and monoclonal 
antibody to mouse anti-human progesterone receptor (clone 
1A6, Immunotech, France) were used. Tissue sections were 
rinsed in PBS-Tween 20 (3×5 min), in the cases of ER and PR 
in Tris buffer, and subsequently incubated with the biotinyl-
ated secondary antibody (Link). After washing, the streptav-
idin-peroxidase (Label) was applied for 30 min at room tem-
perature (Link and Label – Universal LSAB™ + KIT/HRP, 
DakoCytomation, Denmark). The sections were then visual-
ized with 3,3’-diaminobenzidine tetrahydrochloride (DAB) 
at a concentration of 0.5 mg/ml in Tris buffer, pH 7.6, and 
0.015% H2O2. ER and PR immunostained sections were visu-
alized with aminoethylcarbazole (AEC). Sections were stream-
rinsed with tap water, counterstained with hematoxylin for 2 
min, washed in tap water, dried, mounted, and cover slipped.

Sections processed with omission of primary antibody served 
as a negative control of the immunohistochemical procedure.

The cases were diagnosed as XRCC1-, p53-, and MDR1-
positive (11–90% = 2+, 91–100% = 3+) when expression was 
observed in more than 10% of tumor cells or in numerous 
cell clumps. The samples with no reaction (0% = –) or the 
reaction present in only individual tumor cells (<10% = 1+) 
were considered negative.

Immunohistochemical detection of HER2/neu protein

The HercepTestTM kit (Dako Cytomation, Denmark) was 
used for the immunohistochemical detection of HER2/neu 
protein. In relation to the agreement accepted worldwide, 
all steps of the detection strictly follow the guidelines pub-
lished in the kit’s manual.

Statistical analysis

Statistical analysis of the results employed chi-square (967;2) 
test to estimate the significance of differences between the 
expression of 3 proteins (XRCC1, p53, MDR1), the polymor-
phisms of their genes, and clinicopathological parameters used. 
A p-value 0.05 or less was considered statistically significant.

DNA extraction

Blood samples were taken from anti-coagulated (Na2EDTA) 
peripheral venous blood, and genomic DNA was extracted 

using the standard phenol/chloroform extraction method. 
Due to the acquisition of new and better equipment in our 
laboratory, samples collected more recently were extracted 
using the Wizard® Genomic DNA Purification Kit (Promega 
Corporation, USA).

Characteristics No/%

All patients 39/100%

Histopathological type

DIC (ductal invasive c.) 27/69%

LIC (lobular invasive c.) 7/18%

Other 5/13%

Histological grade

G1 – good 10/26%

G2 – moderate (worse) 20/51%

G3 – poor 9/23%

Histological stage

1 9/23%

2 1/2.5%

2A 8/20.5%

2B 4/10.5%

3A 5/13%

3B 9/23%

3C 2/5%

4 1/2.5%

HER2/neu

Positive (3+) 7/18%

Negative (0,1+) 32/82%

Estrogen receptor status (ER)

Positive 26/67%

Negative 13/33%

Progesteron receptor status 
(PR)

Positive 16/41%

Negative 23/59%

Involvement of regional lymph 
nodes

Positive 23/59%

Negative 16/41%

Table 1. Patients and tumor characteristics.
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PCR-RFLP genotyping

The single nucleotide polymorphisms were ana-
lyzed using polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) assays. Primer 
sets (Sigma-Aldrich, Germany) and annealing temper-
atures used for the PCR-RFLP assay were as follows; (1) 
p53 Arg72Pro, 5’-TTT CACCCATCTACAGTCCC-3’ and 
5’-ACCTAGGCTCAGGGCAACTGACCG-3’ (63°C); (2) 
MDR1 C3435T, 5’-TGTTTTCAGCTGCTTGATGG-3’ and 
5’-AAGGCATGTATGTTGGCCTC-3’ (60°C); (3) XRCC1 
Arg399Gln, 5’-TTGTGCTTT CTCTGTGTCCA-3’ and 
5’-TCCTCCAGCCTTTTCTGATA-3’ (63°C).

The PCR program had an initial denaturation step of 3 min 
at 94°C followed by 35 cycles of 30 s (seconds) at 94°C, 30 s of 
annealing at 60°C or 63°C, depending on the primers, and 
45 s at 72°C. The PCR products were digested at 37°C over-
night (minimum 3 h [hours]) using BstUI, Sau3AI and MspI 
for p53 Arg72Pro, MDR1 C3435T and XRCC1 Arg399Gln, 
respectively. The obtained restriction fragments were sep-
arated by electrophoresis on a 3% agarose gel for 45 min 
at 140V and analyzed after staining with ethidium bromide 
under ultraviolet light (Table 2).

results

Evaluation of immunohistochemical reaction

The expression of XRCC1 was seen as a very specific nucle-
ar staining of positive cells (Figure 1). Fourteen (36%) of all 
samples (n=39) were XRCC1-positive. The rest of the cases 

(n=25) showed no XRCC1 immunoreaction (Table 3). The 
stromal background was inert in all cases.

Immunostaining for p53 occurred in a nuclear localization 
and differed in intensity among individual cases (Figure 2). 
The number of p5- positive samples (14 [36%] of all cases, 
showed the same level as XRCC1. Twenty-five (64%) sam-
ples showed no p53-positivity (Table 3). The 25 samples 
that displayed no XRCC1 immunoreaction also showed no 
p53 immunopositivity.

Expression of MDR1 revealed a diffuse intracellular cyto-
plasmic localization (Figure 3). The intensity of reaction 

SNP genotype Fragments after digestion 

p53 Arg72Pro (G>C)
GG
GC
CC

182-bp, 136-bp
318-bp, 182-bp, 136-bp

318-bp

MDR1 C3435T (C>T)
CC
CT
TT

158-bp, (39-bp)
197-bp, 158-bp, (39-bp)

197-bp

XRCC1 Arg399Gln (G>A)
GG
GA
AA

374-bp, 221-bp (20-bp)
615-bp, 374-bp, 221-bp (20-bp)

615-bp

Table 2. PCR-RFLP genotyping of the polymorphisms.

Figure 1.  The expression of XRCC1 protein in cancer cells of lobular 
invasive carcinoma (LIC). Strong brown immunoreaction of 
cell’s nuclei (magnification: ×200).

Figure 2.  Strong reactivity of tumor cells of ductal invasive carcinoma 
(DIC), with the p53 monoclonal antibody as opposed to the 
inert stromal background. The p53 positive cells show clear 
brown nuclear staining (magnification: ×200).

Protein no 39
Quantity of expression/% No/% of negative No/% of positive

(–) (1+) (2+) (3+) Samples

XRCC1 64% 0% 18% 18% 64% 36%

p53 57% 5% 28% 10% 64% 36%

MDR1 31% 15% 33% 21% 46% 54%

Table 3. Number/percentage of samples with XRCC1, p53 and MDR1 protein expression.
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varied among individual cases. Positive immunostaining for 
MDR1 was found in 21 (54%) cases, while 18 (46%) sam-
ples were MDR1-negative (Table 3).

In all 3 protein samples, we found no immunostaining in 
control of the immunohistochemical method (without pri-
mary antibody).

Relationship between XRCC1 and relevant clinical and 
pathological parameters

XRCC1 and histopathological type

The breast carcinoma samples were divided into 3 groups 
according the histopathological type: 1) Ductal invasive car-
cinoma – DIC (27 samples), 2) Lobular invasive carcinoma 
– LIC (7 samples) and 3) Other types (papillary and muci-
nous carcinoma) (5 samples).

Comparison of XRCC1 and histopathological type of tu-
mor revealed that DIC and LIC types are mostly XRCC1-
negative. Only other types of samples (papillary and muci-
nous) showed higher level of XRCC1-positivity. Nine (33%) 
of the DIC cases (n=27) were XRCC1-positive, whereas 18 
(67%) showed no XRCC1 expression. Moreover, LIC sam-
ples (n=7) manifested XRCC1 in 1 (14%) case, while the 
rest of the specimens (n = 6; 86%) were XRCC1-negative. 
The results suggest a strong difference in samples of oth-
er types (n=5), since 4 (80%) samples expressed XRCC1-
positivity and only 1 (20%) specimen exhibited no XRCC1 
immunoreactivity (Table 4).

XRCC1 and LIC Her2/neu positive

Interestingly, the negative correlation between the Her2/neu 
and expression of XRCC1 was detected when evaluating LIC 
samples separately. Apparently, all LIC samples (n=7) were 
Her2/neu-positive, with only 1 sample expressing XRCC1. 
The obtained results represent the negative correlation be-
tween Her2/neu-positive samples and XRCC1-negative speci-
mens, according to correlation testing (R=1, p<0.05) (Table 4).

The correlation of XRCC1 with histopathological type, grad-
ing, staging, Her2/neu, estrogen, progesterone receptor sta-
tus and involvement of regional lymph nodes was not statis-
tically significant (data not shown).

Figure 3.  Cancer cells of ductal invasive carcinoma with the 
expression of MDR1 (magnification: ×100).

 
XRCC1+ XRCC1-

 
Positive Negative

Histo-pathol. type  

DIC (n=27) 9/33% 18/67%  

LIC (n=7) 1/14% 6/86%  

Other (n=5) 4/80% 1/20%  

 Correlation test

LIC Her2/neu positive (n=7) 1/14% 6/86% R=1 (p<0.05)

Table 4.  Number of patients with positive and negative expression of XRCC1 protein compared to different histopathological type of tumor and 
expression of Her2/neu in LIC samples.

 
XRCC1+ XRCC1-

Positive Negative

Grade  

G1 (n=10) 4/40% 6/60%

G2 (n=20) 4/20% 16/80%

G3 (n=9) 1/11% 8/89%

Table 5.  Number of patients with positive and negative expression of 
XRCC1 protein compared to different histological grade.

Protein Total 
number

Histopathol. type

DIC LIC Other

MDR1
positive (+) 21/100% 12/45% 5/71% 4/80%

MDR1 
negative (–) 18/100% 15/55% 2/29% 1/20%

Table 6.  Number/percentage of patients with positive and negative 
expression of MDR1 protein compared to different 
histopathological type of breast carcinoma.

DIC – ductal invasive carcinoma, LIC – lobular invasive carcinoma, 
other types – papillary, mucinous.
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XRCC1 and histological grade

XRCC1-positive samples attained the highest level in grade 
1 (n=4; 40%) and grade 2 (n=4; 20%). In grade 3 the level 
of XRCC1 positivity markedly decreased to 1 (11%) sam-
ple (Table 5). Nevertheless, statistical analysis did not reveal 
significant differences between the expression of XRCC1 
and histological grade.

Relationship between MDR1 and relevant clinical and 
pathological parameters

MDR1 and histopathological type of tumor

The analysis in Table 6 shows the relationship between the 
expression of the MDR1 with the histopathological type of 
breast carcinoma. We found that, in comparison to DIC sam-
ples, the positive immunoreactivity score of MDR1 expres-
sion was higher in samples of LIC and other types. In cases 
of LIC (n=7), 5 samples (71%) showed positive immuno-
reactivity for MDR1 and 2 samples (29%) showed negative 
immunoreactivity for MDR1. Similarly, other types (papil-
lary and mucinous, n=5) expressed MDR1 in 4 (80%) sam-
ples, while 1 (20%) sample manifested no MDR1 immuno-
reaction. Significantly lower MDR1 expression was found in 
DIC samples (n=27), where 15 samples (55%) showed neg-
ative expression of MDR1 protein and 12 samples (45%) 
exhibited MDR1-positivity.

Statistical analysis did not reveal any association between ex-
pression of MDR1 and the clinical parameters mentioned 
above (data not shown).

Relationship between p53 and relevant clinical and 
pathological parameters

Statistical analysis did not reveal a correlation between p53 
expression and the following parameters: histopathologi-
cal type of tumor, grade, stage, Her2/neu expression, ER-
positivity, PR-positivity and involvement of regional lymph 
nodes (data not shown).

Despite the lack of statistical significance of the above results, 
some of the more interesting findings are depicted in tables.

The comparison of the XRCC1, p53, and MDR1 gene 
polymorphisms in terms of protein expression

The association of the variant genotypes of the XRCC1 
Arg399Gln, p53 Arg72Pro and MDR1 C3435T polymor-
phisms with expression of relevant proteins in breast can-
cer tissues was further evaluated, as shown in Tables 7–9. 
The results revealed no statistically significant difference 
between the tested polymorphisms and protein expression.

discussion

We have described the expression of XRCC1, p53 and MDR1 
proteins by immunohistochemistry and the polymorphisms 
of their genes by PCR-RFLP in 39 samples of breast carcino-
ma. The obtained results were subsequently compared to 
clinical and pathological parameters to discover the most 
probable mechanism of drug resistance in this disease. We 
were very careful in drawing general conclusions because 
of the relatively small number of analyzed samples. In this 
regard, our results supported the findings found in the lit-
erature conducted with large-size sets.

XRCC1

In case of XRCC1, we observed that if LIC samples were eval-
uated separately, a negative correlation between the Her2/
neu and expression of XRCC1 was detected. Apparently, all 
Her2/neu-positive samples were XRCC1-negative. The cor-
relation test revealed negative correlation between Her2/
neu-positive samples and XRCC1-negative specimens (R=1, 
p<0.05). We were not able to compare this result with other 
studies because to our knowledge there are no published 
reports on the effect of XRCC1 in LIC samples on Her2/
neu. Our findings indicated no relationship between XRCC1 
protein and the histopathological type of tumor, which is in 
contrast with the results of Dufloth et al. [12], who found 
a relationship between the expression of XRCC1 and duc-
tal type of breast carcinoma.

Variable
IHC

p value OR (95%CI)Positive (2+3) 
(n=9)

Negative (0+1) 
(n=9)

Allele

G 12 40 1.00 (Ref.)

A 6 20 1.000b 1.00 (0.33–3.06)

Genotype

GG 5 13 1.00 (Ref.)

GA 2 14 0.405b 0.37 (0.06–2.26)

AA 2 3 0.621b 1.73 (0.22–13.68)

GA+AA 4 17 0.706b 0.61 (0.14–2.74)

Table 7. IHC according to XRCC1 gene variants.

a (χ2-test); b (Fisher’s exact test).

Med Sci Monit, 2011; 17(12): BR354-363 Rybárová S et al – XRCC1, p53 and MDR1 in breast cancer

BR359

BR



High proliferative activity is considered a high grade ma-
lignancy of breast carcinoma. In our results, the expres-
sion of XRCC1 decreases with grade. We partly agree with 
Dufloth et al [12], who hypothesized that patients who pres-
ent the XRCC1 399(Arg/Gln) polymorphism could repre-
sent a subgroup of low grade cancers that are in general 
sporadic rather than hereditary. With reference to Costa et 
al. [13], XRCC1 Gln/Gln genotype also seems to be associ-
ated with less aggressive tumors, since this genotype corre-
lated with well-differentiated tumors. Deficient efficiency of 
the XRCC1 protein has been described in XRCC1 Gln399 
variant [14]. Moreover, the repair of more complex base 
lesion [15] by BER (base excision repair) pathway can po-
tentially convert non-lethal lesions into lethal double-strand 
breaks [16]. Thus, deficiency in BER may actually reflect a 
well-differentiated nature of the tumor cells in less aggres-
sive tumors, since less lethal lesions are produced.

The hormone receptors (estrogen-ER, progesterone-PR) 
participate in the carcinogenic process in the promotion 
phase, when expansion of mutated cells occurs. We want-
ed to know if there is an association between hormone re-
ceptor status and XRCC1 expression. The results did not 
show statistically significant association between XRCC1 
and hormonal receptor status. These findings are in agree-
ment with the results of Dufloth et al. [12], who also did 
not confirm the association between these 2 parameters. 
Furthermore, polymorphisms of genes that catalyze the bal-
ance of oestrogens, progesterones and androgens are part 
of the steroid hormone pathways and may alter the levels 
and/or effects of endogenous hormones [17]. In addition, 
our findings showed no statistically significant relation be-
tween XRCC1 and grade, stage of tumor, and involvement 
of regional lymph nodes.

Variable
IHC

p value OR (95%CI)Positive (2+3) 
(n=14)

Negative (0+1) 
(n=25)

Allele

A1 9 12 1.00 (Ref.)

A2 19 38 0.437a 0.67 (0.24–1.86)

Genotype

A1A1 2 2 1.00 (Ref.)

A1A2 5 8 1.000b 0.63 (0.07–5.97)

A2A2 7 15 0.591b 0.47 (0.05–4.03)

A1A2+A2A2 12 23 0.609b 0.52 (0.07–4.18)

Table 8. IHC according to p53 gene variants.

a (χ2-test); b (Fisher’s exact test).

Variable
IHC

p value OR (95%CI)Positive (2+3)
(n=21)

Negative (0+1) 
(n=18)

Allele

C 22 16 1.00 (Ref.)

T 20 20 0.485a 0.73 (0.30–1.78)

Genotype

CC 5 3 1.00 (Ref.)

CT 12 10 1.000b 0.72 (0.14–3.79)

TT 4 5 0.637b 0.48 (0.07–3.35)

CT+TT 16 15 0.702b 0.64 (0.13–3.16)

Table 9. IHC according to MDR1 gene variants.

a (χ2-test); b (Fisher’s exact test).
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P53

The inheritance of a Tp53 mutant allele results in a rare 
familial autosomal disorder, the Li-Fraumeni syndrome. It 
is characterized by a high incidence of multiple early can-
cers, including breast tumors. Many investigators have exam-
ined the value of p53 as an unfavorable prognostic marker 
in breast cancer. According to our results, 14 (36%) speci-
mens demonstrated p53 positivity. Similarly, Vousden and 
Lu [18] and Borresen-Dale [19] indicated that between 20% 
and 40% of breast tumors have been shown to express a mu-
tant p53. Generally, mutant p53 generally has an increased 
stability and accumulates in the nuclei of neo-plastic cells. 
Immunohistochemical detection of the amount of nuclear 
p53 has long been used as an indicator of p53 alteration, 
but this parameter appears highly dependent on the type 
of mutation [20]. Investigations of a “mutational hybrid” of 
p53 emphasized that wild-type p53 does not compensated 
for mutated p53; instead, it may be associated with a worse 
prognosis [21]. It is believed that mutation of p53 is a con-
sequence of the inactive p53. However, it must be noted that 
not all p53 mutations are inactivating. Some mutant p53s 
display only partial loss of their DNA-binding activity [22]. 
In agreement with Montero et al. [23], disease-free surviv-
al curves showed that patients with p53-positive tumors had 
a significantly shorter disease-free survival compared to pa-
tients with p53-negative carcinomas. Tsutsui et al. [24] con-
firmed the findings of Montero et al. [23], and added that 
patients with p53-positive tumors had significantly worse 
overall survival compared to p53-negative patients.

Her2/neu amplification/overexpression is a marker of 
poor prognosis in breast cancer, and is one of the signifi-
cant independent prognostic factors. Her2/neu+ tumors 
also containing p53 abnormalities (overexpression) tend 
to be hormone receptor- and bcl-2-negative, and have lym-
phoid infiltration and a high mitotic index [25]. With ref-
erence to our results, the majority of our samples were both 
Her2/neu- and p53-negative, which could predict good 
prognosis for this group of patients. Korkolis et al. [26] 
found a strong correlation between Her2/neu and p53 
overexpression. Moreover, Chariyalertsak et al. [27] con-
firmed the significant correlation between p53 expression 
and Her2/neu (p<0.01). Erdem et al. [28] found that p53 
protein expression correlated positively with Her2/neu ex-
pression. According to de Roos et al. [29], overexpression 
of Her2/neu and p53 was associated with local recurrence 
in patients treated for DIC and DCIS (ductal carcinoma in 
situ). In spite of previous observations, we cannot confirm 
any association between the expression of p53 protein and 
relevant clinical and pathological parameters.

MDR1

The unfavorable prognostic significance of MDR1 expression 
has been documented in several tumors, including breast 
cancer [30]. Most of the studies documented the negative 
prognostic significance in breast cancer with MDR pheno-
type treated with chemotherapy. Few of the studies have sug-
gested that MDR1 participates in the resistance to hormon-
al therapy [31]. According to our results, the highest level 
among all studied proteins was observed in MDR1 protein, 
since 54% of samples demonstrated its positivity. These find-
ings correspond with our previous findings and also with 

observations of other researchers. In a previous study we 
found that 57% of breast carcinomas show MDR1-positivity 
[32]. Other investigators have detected MDR1 expression 
in 55% [33] and 57% [34]. However, some authors pres-
ent different levels of MDR1 in breast carcinoma. Faneyte 
et al [35] found no MDR1 expression in the tumor cells of 
80 chemotherapy-naive tumors, while Yu et al. [36] detect-
ed only 41% of MDR1-positive breast carcinoma.

Next, we have shown that MDR1 immunoreactivity score 
is associated with the histopathological type of tumor. In 
cases of LIC, most of samples manifested MDR1-positivity, 
similar to other types (papillary and mucinous). Most DIC 
specimens were MDR1-negative. According to type of tu-
mor, we could speculate about the relationship between 
the expression of MDR1 and appropriate therapy with re-
gard to MDR1 substrate specificity (drug resistance medi-
ated by this transporter). Finally, similar to results reported 
by Turgut et al. [37], we did not find any statistically signif-
icant difference between clinicopathological parameters 
and MDR1 of breast cancer patients.

Polymorphisms

Polymorphisms in breast cancer susceptibility genes with 
low-penetrance have been shown to contribute to breast tu-
morigenesis in combination with exogenous and endoge-
nous exposures [38]. Nevertheless, confusion exists regard-
ing the role of gene polymorphisms in cancer risk or overall 
prognosis and their role in drug response. According to the 
latest paper by Hosseini et al. [39], breast cancer might be 
significantly associated with 2 functional single-nucleotide 
polymorphisms (SNPs) in the 5,10-methylenetetrahydrofo-
late reductase (MTHFR) genes C677T and A1298C.

IL-6 can play an important role in pathogenesis of breast 
cancer. Its level in patients with breast cancer is higher than 
in the control group, irrespective of distribution of geno-
types and frequency of the IL-6 (–174) C/G polymorphism 
[40]. On the other hand, genetic variants of TNF-related 
apoptosis-inducing ligand (TRAIL) might be associated with 
progression of breast cancer [41].

We tested immunohistochemical protein expression in re-
lation to XRCC1 Arg399Gln, p53 Arg72Pro, and MDR1 
C3435T polymorphisms.

To date, 12 observational studies have examined XRCC1 
polymorphisms 194(Arg/Trp) and 399(Arg/Gln) in re-
lation to breast cancer risk, with inconsistent results [42]. 
With regard to Sterpone et al. [43], a significant associ-
ation was found between breast cancer occurrence and 
XRCC1 399(Arg/Gln) polymorphism in Caucasian wom-
en. Conversely, Saadat [44] found no significant associa-
tion between XRCC1 haplotypes and risk of breast cancer 
among Caucasian subjects. Similarly, another 2 studies con-
firmed the association between XRCC1 399(Arg/Gln) poly-
morphism and breast cancer risk among African-Americans, 
but not among Caucasians [45,46], indicating that this poly-
morphism may be linked to another biologically effective 
mutation. Some of these studies suggested that associations 
between XRCC1 polymorphisms and breast cancer risk are 
stronger in women who have higher exposure to various an-
tioxidants, including smoke [47]. The former study observed 
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an association of breast cancer risk with all XRCC1 polymor-
phisms aside from 194(Arg/Trp) and 399(Arg/Gln) [48]. 
They observed an association between increased breast can-
cer risk and the 280(Arg/His) polymorphism in their study 
population (n=250 cases). Polymorphisms 194(Arg/Trp) 
and 399(Arg/Gln) were shown to affect increased mutagen 
sensitivity after bleomycin treatment, a radiation-mimick-
ing agent that induces double-strand breaks in DNA [49]. 
The polymorphism in coding region of the XRCC1 gene 
at codon 399(Arg399Gln) could alter the XRCC1 function. 
Previous studies have demonstrated the significant associ-
ation of Gln allele with a higher level of DNA adducts and 
glycophorin A mutations in erythrocytes [50,51], increased 
sister chromatid exchange frequencies [52,53], and higher 
sensitivity to ionizing radiation [54]. The present study did 
not find significant correlation between XRCC1 Arg399Gln 
polymorphism, and protein expression was found (p=0.405–
1.000, c2-test or Fisher’s exact test). In contrast to our re-
sults, Cheng et al. [55] found that the protein expression 
was significantly higher in patients with a Gln allele (ArgGln 
or GlnGln) than in patients with the ArgArg genotype in 
locally advanced cervical carcinoma.

Recent studies have suggested that genetic polymorphisms 
in the TP53 pathway influence tumor formation, progres-
sion, and response to therapy. A number of polymorphisms 
have been identified in the TP53 gene. The codon 72 poly-
morphism (G>C) in exon 4 of the p53 gene, which is car-
ried by 20±40% of the population, leads to an arginine-to-
proline substitution. The polymorphism Arg72Pro is the 
most frequent in Caucasian populations and its frequen-
cy varies from the equator to higher latitudes, suggesting a 
selection pressure upon 2 forms of p53 protein, Arg72Pro 
and Pro47Ser [56]. In the Turkish population the frequen-
cy of Arg72Pro genotype was 41.4% in patients [57]. Bisof 
et al [58] provided evidence of the association of the TP53 
gene polymorphisms Arg72Pro and PIN3 (+16bp) with spo-
radic breast cancer in the Croatian population.

We did not observe any significant difference in p53 pro-
tein expression between particular alleles and genotypes of 
this polymorphism (p=0.437–1.000, c2-test or Fisher’s exact 
test). Similarly, Akkiprik et al. [59] did not find an associa-
tion between certain genotypes of p53 Arg72Pro polymor-
phism and the protein over-expression in breast cancer pa-
tients. On the other hand, several authors confirmed that 
the Pro variant is less efficient in suppressing cell transfor-
mation and slower in inducing apoptosis compared to the 
Arg variant [60].

Recent studies have reported the association of a silent 
C3435T polymorphism in exon 26 of MDR1 with altered 
mRNA and protein expression or MDR1 function [61,62]. 
C3435T polymorphism in the Caucasian population in the 
CC genotype was found in 46 (20.8%) patients and in 35 
(31%) control subjects [61,62]. According to Čižmáriková 
et al. [63], the C allele was found in 45.2% of breast can-
cer patients and 54.9% of healthy donors, while the T al-
lele was found in 54.8% of patients and 45.1% of controls. 
Similarly, results from Turgut et al. [37] indicated that the 
T allele was more frequently found in breast cancer patients 
compared to controls. Our results did not confirm the re-
lationship between the tested polymorphism and protein 
expression (IHC) in breast cancer tissue (p=0.485–1.000, 

c2-test or Fisher’s exact test). Although the original study 
by Hoffmeyer et al. [61] showed a borderline-significant as-
sociation (p=0.056), other studies have failed to replicate 
this finding [64–66].

conclusions

The most remarkable findings of this work suggest that the 
MDR1 protein has the highest protein expression when 
compared to XRCC1 and p53 proteins. Moreover, our re-
sults indicated a negative correlation between XRCC1 and 
Her2/neu in LIC samples, and we found a lack of relation-
ship between tested polymorphisms and protein expression.
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