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In recent years, an increased number of different 
tumor types have been diagnosed in domestic bitches, 
and cancer is the most frequent cause of mortality and 
morbidity in female dogs (10). The mammary gland 
tumor is the most frequent one diagnosed in domestic 
bitches. Histopathological characteristics of canine 
mammary tumors (CMT) are well defined; however, 
the knowledge on the molecular carcinogenesis of 
CMT is far from complete, although significant simi-
larities and also differences exist between canine and 
human mammary tumors at the molecular level (8). 
Currently, several techniques have been developed 
to define the canine genome map and new molecular 
markers for CMT induction, invasion, and/or progres-
sion (15). In our study we describe the application of 

DNA sequencing analysis to identify mutations and/or 
polymorphisms in the TP53 gene in domestic bitches 
with mammary tumors.

TP53 belongs to the transcription factors that regu-
late the target gene expression profile and induce cell 
arrest, apoptosis, cell senescence, as well as DNA 
repair and cell metabolism. Moreover, TP53 is one of 
the proteins involved in the induction of cell apoptosis 
through a  non-transcriptional cytoplasmic process. 
In unstressed cells, p53 is kept inactive through the 
actions of the ubiquitin ligase MDM2 as well as via 
mutations of the TP53 gene itself. Furthermore, the 
inactivation may be associated with loss of cell signal-
ing upstream or downstream of p53 (2, 19, 21).

Since the activity of TP53 is associated with cells 
senescence, the incidence of mutations in female 
dogs may be related to body aging as well as tumor 
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Summary

Blood samples were collected from 22 bitches with diagnosed mammary gland malignant tumors, according 
to the WHO’s International Classification of Disease for Oncology System. The control group (n = 35) consisted 
of geriatric (> 5 to 10 years old), mature (2-5) and young (1-2) females. We found two novel single nucleotide 
variants in the coding region of exon 3 and in intron 7 of gene TP53. We did not observe statistical significance 
in allele or genotype distribution between the tumor and control groups. However, the prevalence of allele C 
(Odds ratio = 3.0; p = 0.2024) similarly to genotype CT (Odds ratio = 3.3; p = 0.1783) was higher in the control 
group than in the investigated cancer group. Nonetheless, additional studies on larger groups of canines are 
required to confirm the presented results.
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genesis. TP53 gene mutations and polymorphisms 
in canines were recognized in transmissible venereal 
tumors, osteosarcoma and brain tumors (7, 16, 18, 24). 
Although an association of TP53 gene polymorphisms 
and the incidence of human cancer has been described, 
the link between canine TP53 gene polymorphisms 
and the incidence of mammary gland tumor remains 
poorly recognized (23).

Therefore, the aim of the present study was to iden-
tify TP53 gene mutations/polymorphisms in bitches 
of different ages and with diagnosed mammary gland 
malignant tumor.

Material and methods
Animals and sample collection. We analyzed causes of 

“neoplasmatic diseases” in 22 bitches with malignant mam-
mary tumors, obtained during surgery in the Small Animal 
Clinic at the University of Live Sciences, Poznan, Poland. 
The tumors were diagnosed by histological examination. 
Representative portions of tissue samples were fixed in 10% 
buffered formalin and then dehydrated and embedded in 
paraffin. In HE sections, tumors were classified according 
to the WHO criteria for canine mammary neoplasms (13) 
and coded according to the WHO International Classifica-
tion of Disease for Oncology System (ICD-O). All of the 
tissue samples were closely examined by a pathologist and 
recognized as simple, complex or special type of carcinoma. 
Additionally, whole peripheral blood samples were taken 
from all 22 oncological patients and 36 bitches free of any 
type of cancer (served as controls). The blood was taken 
from the cephalic vein during routine procedures in the 
clinic, collected in vials with EDTA and frozen in –80°C 
until further molecular analyses. Controls were divided into 
three subgroups differing in age according to the classifica-
tion proposed by Jugdutt et al. (7): geriatric (> 5 to 10 years  
old, M 8,1, SD 1,8; n = 15), mature adult (> 2 to 5 years old, 
M 3,3, SD 0,8; n = 10) and young (1 to 2 years old, M 1,5, 
SD 0,3; n = 11) bitches.

Isolation of DNA from peripheral blood mononuclear 
cells and its sequencing. Genomic DNA was extracted 
from the whole peripheral blood using QIAamp DNA 
Blood Mini Kit from Qiagen, according to the manufac-
turer’s instructions. The DNA was re-suspended in 50 µl 
of Qiagen elution buffer AE and stored at –20°C. TP53 
gene polymorphisms were determined by polymerase 
chain reaction (PCR) amplification with primers designed 
using Primer3 software. Exons 2 to 10 of TP53 gene were 
amplified including about 60-bp flanking regions of each 
exon. We did not manage to amplify exon 1 due to techni-
cal difficulties. The primers’ sequences and PCR conditions 
are shown in Table 1. The reactions were carried out in 
a volume of 12.5 µl containing: 10 × Taq DNA Polymerase 
buffer with MgCl2, 5 × GC-rich solution, 0.24 mM dNTPs, 
0.5 µM of the primers, 1 unit of Taq Polymerase (Roche) 
and 40-60 ng of genomic DNA. The PCR cycle conditions 
were as follows: an initial denaturation at 95°C for 30 sec, 
annealing at temperature shown in Table 1 for 1 min and 
elongation at 72°C for 30/60 sec, with a final extension at 
72°C for 7 min. PCR products were separated by electro-
phoresis in 1.5% agarose gel, purified on Millipore plates 
and used as templates for a sequencing reaction, based on 
Sanger’s method (17). The re-amplification was performed 
using one specific primer (in forward direction for exons 2, 
3, 6, 9 and 10, and in both forward and reverse directions for 
exons 4, 5, 7 and 8). Re-amplification products were puri-
fied using EDTA and ethanol precipitation and separated by 
capillary electrophoresis using ABI 3130 sequencer from 
Applied Biosystems.

Statistical analysis. On the basis of the obtained 
sequences of the analyzed gene regions, single nucleotide 
changes were assessed and calculation of the Chi-square 
test for deviation from Hardy-Weinberg equilibrium (HWE) 
was performed. Genotype and allele frequencies were 
obtained and Fisher’s exact test was used for comparison. 
Additionally, odds ratio values (OR) were evaluated with 
95% confidence intervals (95% CI). TP53 gene structure 
was generated using commercially available Haploview 3.2 
software (http://www.broad.mit.edu/mpg/haploview/) and 
the pairwise linkage disequilibrium (LD) was calculated 
as R2 value.

Tab. 1. Polymerase chain reaction conditions for the TP53 gene
Amplified 

gene region Primer sequence Primer annealing 
conditions

exon 2 Forward 5’-GGAAGCAAACCAGCACTGAC-3’
Reverse 5’-GGACCGAGAGGAGTCTCAAA-3’

59°C for 30 sec

exon 3 Forward 5’-GACTGGGTGTGGGGAGGT-3’
Reverse 5’-GGACCGAGAGGAGTCTCAAA-3’

59°C for 30 sec

exon 4, 5 Forward 5’-CTTCTCCCTCTGCCTGTGTC-3’
Reverse 5’-GGGAGGTTGAAGGAGGAGAA-3’

58°C for 60 sec

exon 6 Forward 5’-GGCTTTCTCCTCCTTCAACC-3’
Reverse 5’-ATTCCACATTGGGACAGGAA-3’

58°C for 30 sec

exon 7, 8 Forward 5’-TCTGTAGGCTTTGGCTCTACG-3’
Reverse 5’-CTAGCCTCACATGTGCTCCA-3’

60°C for 60 sec

exon 9 Forward 5’-TGCTGCAGATTGGCACTTAC-3’
Reverse 5’-GGATCAGTTCCCTTCCACCT-3’

59°C for 30 sec

exon 10 Forward 5’-GGACCCTTCCAAGCCTAGAT-3’
Reverse 5’-ACACCGGAATAGGTGTGCTC-3’

59°C for 30 sec

Fig. 1. Histochemical analysis of adenocarcinoma in bitches
Explanation: The histochemical slides were performed after 
routine procedure of HE. The blood samples were collected from 
22 bitches with diagnosed adenocarcinoma. All of tissue samples 
were strictly examined by pathologist.
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Results and discussion
Based on sequencing 

analysis, the genotypes 
of TP53 gene were deter-
mined. There were two 
new single nucleotide 
changes in the coding 
region of exon 3 and intron 
7, respectively. One single 
nucleotide change, named 
c.213C>T, occurred in 
the control group and was 
located at the 213 position 
in mRNA, where position 
1 refers to the first base 
in ATG start codon, and 
did not result in an amino 
acid change (p.Ser103Ser). 
The other, ex7+150T>C, 
occurred both in control 
and tumor groups and it 
was located 150 bp down-
stream of the last nucleo-
tide of exon 7. Both vari-
ants were heterozygous 
and frequencies of alleles 
and genotypes in both 
positions were determined. 
Distribution of TP53 geno-
types was consistent with 
HWE (data not shown). 
The frequency of alleles 
and genotypes of TP53 
gene variants in tumor 
patient and control groups 
are summarized in Table 2. 
The odds ratio values, 
calculated for the less fre-
quent allele and genotype 
in each group, revealed no 
significant differences in 
the allelic and genotypic 
frequencies either between 
control groups or between 
control and investigated 
tumor groups. Despite the 
lack of statistical signifi-
cance, there was a higher 
prevalence of allele T 
in the c.213C>T change 
in controls compared to 
tumor affected bitches (OR 
= 1.9, p = 1.0). However, 
the incidence of the allele 
T was more pronounced 
in comparison to the age-
groups of controls (OR = 
3.0, p  = 1.0 for geriatric 

Tab. 2. Distribution of TP53 genotype and allele frequencies
TP53 Tumor Patients Controls p value OR (95% CI)

c.213C>T Genotype frequency (n = 22) (n = 36)

CC 22 (1.0) 35 (0.97)

CT 0 (0) 1 (0.03) 1.0 1.9 (0.074-48.78)

group G1) (n = 11)

CC 10 (0.91)

CT 1 (0.09) G vs. A 1.0 3.0 (0.109-82.403)

group A2) (n = 10)

CC 10 (1.0)

CT 0 (0) A vs. Y 1.0 1.48 (0.027-80.47)

group Y3) (n = 15)

CC 15 (1.0)

CT 0 (0) G vs. Y 0.4231 4.43 (0.164-119.49)

Allele frequency

C 44 (1.0) 71 (0.99)

T 0 (0) 1 (0.01) 1.0 1.72 (0.069-43.22)

group G

C 21 (0.95)

T 1 (0.05) G vs. A 1.0 2.86 (0.11-74.37)

group A

C 20 (1.0)

T 0 (0) A vs. Y 1.0 1.49 (0.028-78.1)

group Y

C 30 (1.0)

T 0 (0) G vs. Y 0.4231 4.26 (0.165-109.6)

ex7+150T>C Genotype frequency (n = 22) (n = 36)

TT 20 (0.91) 27 (0.75)

CT 2 (0.09) 9 (0.25) 0.1783 3.33 (0.65-17.15)

group G (n = 11)

TT 8 (0.73)

CT 3 (0.27) G vs. A 1.0 0.88 (0.13-5.82)

group A (n = 10)

TT 7 (0.7)

CT 3 (0.3) A vs. Y 0.6532 1.7 (0.27-10.93)

group Y (n = 15)

TT 12 (0.8)

CT 3 (0.2) G vs. Y 1.0 1.5 (0.24-9.39)

Allele frequency

T 42 (0.95) 63 (0.875)

C 2 (0.05) 9 (0.125) 0.2024 3.0 (0.62-14.59)

group G

T 19 (0.86)

C 3 (0.14) G vs. A 1.0 0.89 (0.16-5.04)

group A

T 17 (0.85)

C 3 (0.15) A vs. Y 0.6723 1.59 (0.29-8.8)

group Y

T 27 (0.9)

C 3 (0.1) G vs. Y 0.6890 1.42 (0.26-7.82)

Explanations: 1) geriatric group, 2) adult group, 3) young group
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vs. adult, and OR = 4.43, p = 0.4231 for geriatric 
vs. young). This indicates an increased incidence of 
the T allele in bitches of lower age. Furthermore, 
no statistical significances were observed for differ-
ences in genotypic and allelic frequencies linked to 
ex7+150T>C changes comparing control and tumor 
patient groups, and control age-groups. Nevertheless, 
the prevalence of allele C (OR = 3.0, p = 0.2024) and 
those of genotype CT (OR = 3.33, p = 0.1783) were 
3-fold higher in controls compared to the tumor group.

The construction of gene structures failed in tumor 
bitches due to the undifferentiated genotypes within 
the c.213C>T change. TP53 gene structure analysis in 
the control group revealed a complete lack of linkage 
between c.213C>T and ex7+150T>C changes (R2 = 0). 
The LD plot for analyzed single nucleotide changes is 
shown in Figure 2.

Tumor growth, invasion, progression as well as the 
entire process of carcinogenesis is regulated by a dis-
turbed cluster of target gene expression which leads 
to changes in cell cycle division and cell metabolism 
(5, 9). Moreover, tumor development is also dependent 
on aberrations in a DNA sequence and/or improper 
DNA repair mechanisms in the cell. Recently, several 
data have been published, indicating the incidence of 
new mutations and the association of specific poly-
morphisms with human cancers (3, 12, 22). Although, 
the available DNA sequencing methods permit the 
detection of mutations, there are still only few reports 
indicating links with canine tumor incidence. The TP53 
gene encodes a protein responsible for the transcrip-
tion of genes which regulates among others cell cycle 
and cell division. As demonstrated in human cancers, 
mutation in the gene encoding TP53 protein signifi-
cantly influenced the manifestation of uncontrolled 
cell divisions and induction of tumor growth. It was 
also stated that malfunction in TP53 gene expression 
or incidence of polymorphisms may be correlated 
with cell senescence and aging (4, 11, 15, 20). In our 
study, we have analyzed mutations in the TP53 gene 
in bitches with diagnosed mammary adenocarcinomas 
and in healthy females of different ages. We identified 
two polymorphic variants in exon 3 and in intron 7 of 
the TP53 gene. We did not find differences in allele or 
genotype distribution between the tumor and the con-

trol groups. However, we suppose that the occurrence 
of the C allele may play a protective role with regard 
to the incidence of mammary carcinoma in bitches.

In this study we found single nucleotide polymor-
phism in the non-coding sequence of intron 7. This 
change does not significantly influence the amino acid 
sequence and protein synthesis. However, it is a well 
documented theory that changes in the non-coding 
sequence of introns may significantly affect mRNA 
expression, especially in the case of several transcrip-
tion factors binding sites. Therefore, we may suggest 
that the polymorphism in intron 7 observed in our study 
may lead to disregulation in TP53 transcript expression, 
which may be a main reason of dysfunction in cell cycle 
division as well as lead to cancerogenesis induction.

The occurrence of TP53 polymorphisms in canines 
was studied by Rivera et al. (14). Ten candidate genes 
which may be related to human mammary gland tumor 
development were investigated and the results were 
compared with the appearance of CMT in English 
Springer Spaniels. No association was observed 
between TP53 polymorphisms and the incidence of 
tumor in 212 CMT and 143 control dogs. However, 
a significant association was found between BRCA1 
and BRCA2 gene polymorphisms and CMT. It was 
concluded that this type of tumor may be a good model 
for human breast cancer. In a further study, Borge et 
al. (1) investigated the association between CMT and 
incidence of polymorphisms in eleven candidate genes 
(BRCA1, BRCA2, BRIP1, CDH1, CHEK2, EGFR, 
ESR1, HER2, PTEN, STK11 and TP53) to determine 
the genetic risk factors for CMT development in 
bitches. They found 46 single nucleotide polymor-
phisms (SNPs); nine of the coding SNPs were non-
synonymous, where four of them were located in gene 
regions conserved across the four breeds. It was con-
cluded that the genetic changes differed significantly 
in the studied breeds and, therefore, it was difficult to 
clearly define the genetic risk of CMT in canines.

Although TP53 gene polymorphisms were identified 
in several canine tumors, such as transmissible venereal 
tumor, osteosarcoma or brain tumors, there are only 
two reports which partially recognize an association 
between TP53 gene polymorphisms and the incidence 
of canine mammary gland adenocarcinoma or aging, 
respectively (1, 14). Since it was clearly demonstrated 
in humans that TP53 gene polymorphic variants are 
linked with several tumor types, it seems to be rational 
to investigate similar associations with canine mam-
mary adenocarcinoma. Our results may confirm that 
the occurrence of allele C could represent a protective 
factor against the incidence of mammary gland adeno-
carcinoma and the TP53 polymorphisms are linked to 
mammary tumors in canines. Since we did not observe 
an association between c.213C>T and ex7+150T>C 
polymorphisms of the TP53 gene in the control group, 
it may be suggested that these polymorphisms are not 
related to canine aging.

Fig. 2. Linkage disequilibrium plot for TP53 
gene in controls
Explanation: TP53 gene structure was gener-
ated using commercially available Haploview 
3.2 software (http://www.broad.mit.edu/mpg/
haploview/) and the pairwise linkage disequi-
librium (LD) was calculated as R2 value.
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