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Introduction

Abstract

The induction of carcinogenesis as well as cancer growth and development
are often associated with an altered expression of genes encoding proto-
oncogenes and proteins responsible for regulation of cell division cycle. Although
the role of RAF1 protein in development of apoptosis resistance mechanisms is
well known in many types of human cancer, the association between changes in
the structure of RAF1 gene and induction of canine carcinogenesis and/or aging
remains still poorly recognized. Therefore, the goal of this study was focused on
new mutations in the RAF1 gene as well as on association between frequency
of RAF1 gene polymorphisms and the occurrence of mammary tumor in groups
of domestic bitches of various ages.

In this study, blood samples were obtained from 22 female dogs diagnosed
with mammary tumors. Moreover, blood samples were also collected from
geriatric (>5 to 10 years old; n=15), mature adult (>2 to 5 years old; n=10) and
young (from 1 to 2 years old; n=11) dogs. Thirty six bitches examined for other
reasons served as controls.

After Sanger sequencing analysis, 13 single nucleotide variations were
identified, of which two were localized in coding regions (exons 3 and 9) and
the rest 11 - in introns (introns 3, 4, 5, 7, 8, 10 and 16). We observed differences
in prevalence of heterozygotes and alternative alleles between study groups in
4 polymorphisms, two of which could indicate the putative protective variants
(c.T237C, c.A918C) and the other two could indicate the putative risk variants
(9-A4805C, g.A6902C) with reference to the cancer occurrence in dogs.

In conclusion, we demonstrated that RAF1 polymorphisms may serve as a
protective and/or risk factor for the occurrence of mammary tumor in domestic
bitches, manifesting a type- and localization of mutation-dependent manner.
Although the frequency of occurrence of these polymorphisms was often not
statistically significant, haplotype blocks revealed strong linkage between
investigated polymorphisms.
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improper protein [7,11]. Induction of carcinogenesis is often caused
by mutation in the genes encoding proteins responsible for cell cycle

The carcinogenesis is a complex process, involving many
molecular, biochemical and morphological changes, which finally
lead to growth and development of cancer [1,2,3]. It has been
suggested that various types of cancer reflect type of affected tissue,
tissue morphology as well as organ origin [4,5,6]. Moreover, several
lines of experiments indicated that canine cancers display many
similarities to human cancers, especially in respect to morphology,
growth of cancer, clinical features and clinical prognosis. Therefore,
some of the authors regarded canine cancers to represent a model of
human carcinogenesis [7,8,9,10].

Induction of carcinogenesis was demonstrated to be strongly
associated with molecular changes and disruptions. Furthermore, in
several studies changes in gene sequences caused by spontaneous or
heritable mutations/polymorphisms were found to lead in a simple
way to disruptions in amino acid sequence and/orto formation of

control, formation of free radical and oxygen species, apoptosis or
uncontrolled prolongation of cell life as well as for formation of
fibrous collagen and cell cytoskeleton [12,13,14].

The RAFI is known as an oncogene that can be targeted to
the mitochondria by BCL2 as well as it is known to belong to the
main regulators of apoptotic cell death [15]. Active RAFIenhanced
BCL2-mediated resistance to apoptosis and may be involved in
phosphorylation of BAD. Alavi et al [16]. Demonstrated that FGFB
and VEGF may differentially activate RAFI, which leads to protection
through distinct pathways of apoptosis in human endothelial cells and
chick embryo vasculature. The two studies showed that activation of
RAFI is strongly associated with resistance to apoptosis, which may
provide the main reason for uncontrolled cell cycle divisions leading
finally to induction of carcinogenesis.
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Table 1: PCR primer pairs with thermal conditions used for the amplification of exons of RAF1 gene.

Exon Sequences Annealing temp./elongation
exon 2 F 5-TGTCACTTAAGAGAAAGTCCACAT3' 59 °C /30 sec
R 5'-TTTGCCCATCTACAAGGTGA-3'
exon 3 F 5'-CAAATAATGCTGTCATAAATCTGC-3' 58 °C / 30 sec
R 5'-GAGTTGTCTATGCACAAGGGAAT-3'
exon 4 F 5'-TGGGGATAATCGTACTTTGTAGG-3' 60 °C / 30 sec
R 5-TGGCATAATGACAGCTTTAAACA-3'
exon 5 F 5'-CACATAAGACCTCTTGGAAACCA-3' 59 °C / 30 sec
R 5'-TCTAAAACCCACACTTGTCAGC-3'
exon 6 F 5'-AAATGGCTGAGGAAGATGAGA-3' 60 °C / 30 sec
R 5'-GGGATACAAAGGCACTCTGG-3'
exon 7 F 5'-GAATTTGCCCCTGAGTGTCT-3' 60 °C / 30 sec

R 5'-CCCAGGGTCCTGAGAAAGTA-3'

exon 8, exon 9

F 5-CTTTGTTCCTGCAAGTTCTCC-3'

58 °C / 30 sec

R 5'-CCCCCAATTAAAAGTATTCTCG-3'

exon 10 F 5-ATGGAGGAATGGGTGGATTT-3' 58 °C /30 sec
R 5'-GCAATCAAGTGTCCCTGGAG-3'

exon 11 F 5-TTCCATTTGTGTGGTACATGTTAT-3' 59 °C /30 sec

R 5'-TGCAGCCCACTTCCTCTG-3'

exon 12 F 5'-GCCATCCACCCAGATCATAA-3' 58 °C /30 sec
R 5'-ACCCCAGAGGCTTACTTTCC-3'

exon 13 F 5-CTTTAGTTCCTCGCCAGGTG-3' 58 °C /30 sec

R 5'-CCCAAACATGTATCTCAACCCTA-3'
exon 14 F 5-GTGCAGAAAAGGCTGGAGAC-3' 58 °C /30 sec

R 5-GAAGGCCTCCCTGAGGTATC-3'

exon 15, exon 16, exon 17

F 5'-GAGGCTTCCTGAGCTTGTGT-3'

59 °C /60 sec

R 5-AAATGAGCTCTCTGCCTCCA-3'

The problem of mammary tumor of non-identified origin in aging
bitches is increasing. Therefore, the aim of the study was searching for
new molecular markers that would predict the occurrence of tumor
in bitches as well as determining the correlation between frequency of
RAFI gene polymorphisms and the occurrence of mammary tumor
in domestic bitchesin relation to aging.

Materials & Methods

Subjects and samples collection

Blood samples were obtained from 22 female dogs of mongrel
dogs diagnosed with mammary tumors, histologically classified
as malignant tumors, during surgery in the Small Animal Clinic,
University of Life Sciences, Poznan, Poland. Blood was collected
during standard surgery procedures. Thirty six bitches served as
controls. The affected bitches were divided into 3 subgroups of
different age, according to the classification by Jugdutt et al. [17]:
geriatric (>5 to 10 years old; n=15), mature adult (>2 to 5 years old;
n=10) and young ones (from 1 to 2 years old; n=11). Blood was
collected from from the jugular vein into vials with EDTA and frozen
at-80 °C until further analyses.

Molecular analyses

Genomic DNA was extracted from whole peripheral blood

using QIAamp DNA Blood Mini Kit (Qiagen), according to the
manufacturer’s instructions. DNA was re-suspended in 100 pl of
Qiagen elution buffer and stored at -20 °C. Sixteens exons of the
RAFI gene (exon 2 - exon 17) were amplified in Polymerase Chain
Reaction (PCR), including up to 70-bp flanking regions of every exon.
The sequences of the primers used with thermal and time conditions
are listed in Table 1. The reactions were carried out in a total volume
of 12.5 yl containing: 10 x Tag DNA Polymerase buffer with MgCl,,
5 x GC-rich solution, 0.24 mMdNTPs, 0.5 uM of the primers, 1 unit
of Taq Polymerase (Roche) and 40-60 ng of genomic DNA. The PCR
cycle conditions were: an initial denaturation at 94 °C for 4 min,
followed by 35 cycles of denaturation at 95 °C for 30 sec, annealing at
temperatures 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
purified using membrane plates (Millipore) and used as templates in
PCR-sequencing reamplification. The latter reaction was performed
in Veriti 96 well Thermal Cycler using BigDye Terminator v3.1 Cycle
Sequencing Kit (Life Technologies) and one of the specific primers
(Forward or Reverse). Reamplification products were purified with
EDTA and ethanol precipitation and separated by electrophoresis
using ABI 3130 sequencer (Applied Biosystems).
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Statistical analyses

Genotypes obtained in the study were aligned with the reference
sequences from Ensemble database. Single nucleotide variations were
assessed and calculation of the chi-square test for deviation from
Hardy-Weinberg Equilibrium (HWE) was performed. Genotype and
allele frequencies were evaluated and compared between study and
control groups using the Fisher’s exact test. Odds Ratio Values (OR)
were also evaluated and p<0.05 was considered to indicate statistically
significant differences. Additionally, we used Haplo view 3.2 software
to obtainRAFI gene structure. Linkage Disequilibrium Values (LD)
was calculated as R? value and Gabriel et al [18]. Algorithm was used.

Results

We performed Sanger sequencing of 16 exons (exon 2 to exon
17, exon 1 is a non-coding region of this gene) with approximately
70-bp non-coding splicing regions of RAFI gene in 58 subjects, in
total. Upon alignment of obtained and reference sequences 13 single
nucleotide variations were identified. Two of them were localized in
coding regions (exon 3 and 9) and the rest 11 - in introns (in tron
3,4,5,7,8, 10 and 16). Numbering of nucleotides was carried with
reference to the first nucleotide in the first AUG coding triplet in
exon2. All single nucleotide variations identified in the study are
listed in Table 2.

All of the nucleotide changes were substitutions and were
biallelic. Both variations localized in exons were synonymous and did
not change the amino acid sequence of the protein.

Genotype and allele frequencies

We determined frequencies of alleles and genotypes for all 13
variants. Distribution of all RAFI genotypes was consistent with HWE.
Frequencies and OR values for chosen variations are shown in Table
3. There were differences in genotype and allele frequencies between
cancer and control group for heterozygote, alternative homozygote
and for alternative alleles for several polymorphisms. Although the
differences were not statistically significant or they remained at the
boundary of statistical significance, nevertheless they could suggest
an inclination to risk or protective variants with reference to a larger
population of subjects.

We found higher OR values both for the CT heterozygote and for
the alternative CC homozygote in control group in comparison with
the cancer cases (OR=2.6 for the CT genotype, p=0.4025 and OR=1.9
for the CC genotype, p=0.6978) for c.T237C polymorphism. Also,
there was a higher frequency of the alternative C allele in control
group in comparison with the cancer group (OR=3.9, p=0.2143).
Furthermore, we observed higher incidence of the same genotypes
and the C allele in the youngest control subjects (Young group)
in comparison with two older subgroups (Adults and Geriatrics)
(OR=5.5 for Young vs. Adults and OR=1.5 for Young vs. Geriatrics
for the CT genotype; OR=3 for Young vs. Adults and OR=3.9 for
Young vs. Geriatrics for the CC genotype; OR=10 for Young vs.
Adults and OR=3.1 for Young vs. Geriatrics for the C allele).

Alike, there was a higher prevalence of the AC heterozygotes and
the alternative CC homozygotes in control subjects in comparison
with cancer subjects (OR=2.6 for the AC genotype, p=0.4025 and
OR=1.9 for the CC genotype, p=0.6978) in c.A918C polymorphism.

Table 2: Single nucleotide variations identified in RAF1 gene in studied subjects.

Name of variation | Localization | ntchange aa change
1 c.T237C exon 3 T>C syn: H79H (CAT>CAC)
2 g.A4805C intron 3 A>C -
3 g.A6902C intron 4 A>C -
4 g.G7478A intron 5 G>A -
5 9.G11494A intron 7 G>A -
6 g.C14523T intron 8 C>T -
7 c.A918C exon 9 A>C syn: S306S (TCA>TCC)
8 g.A23254T intron 10 A>T -
9 g.C28107T intron 16 C>T -
10 g.C28111T intron 16 C>T -
11 9.A28119G intron 16 A>G -
12 g.C28179T intron 16 C>T -
13 g.C28193T intron 16 C>T -

(g. =genomic; c. =coding; syn=synonymous; NT=nucleotide; aa=amino acid)
Also, the frequency of the alternative C allele was almost 4-fold higher
in control group vs. cancer group (OR=3.9, p=0.2143). Moreover,
we observed a higher prevalence of heterozygotes, alternative
homozygotes and alternative alleles among the youngest subjects
(Young group) in comparison with the other two subgroups of more
advanced age: Adults and Geriatrics (OR=5.5 for Young vs. Adults
and OR=1.5 for Young vs. Geriatrics for the AC genotype; OR=3 for
Young vs. Adults and OR=3.9 for Young vs. Geriatrics for the CC
genotype; OR=10 for Young vs. Adults and OR=3.1 for Young vs.
Geriatrics for the C allele).

On the contrary, we observed high OR values for AC heterozygote
and the alternative C allele in tumor vs. control subjects (OR=5.1 for
the AC genotype, p=0.3254 and OR=5 for the C allele, p=0.3277) in
g.A4805C polymorphism. Those results could indicate a possible risk
variant for cancer occurrence. However, the higher OR value for the
alternative CC homozygote in cancer group was most likely due to a
distinct number of subjects in each group, as the CC genotype was
detected neither in control group, nor in the cancer group. Also, no
differences between control subgroups were found and the OR results
were all around the neutral ‘1’ value.

There were more consistent data for the other putative risk
variant, g.A6902C. We observed much higher prevalence of the AC
heterozygote, the alternative CC homozygote and the alternative allele
C in cancer cases in comparison with control subjects (OR=1.7 for
the AC genotype, p=0.6095; OR=5.1 for the CC genotype, p=0.3254;
OR=3.5 for the C allele, p=0.1585). Moreover, there were also higher
OR values for the heterozygote and the alternative allele in the most
age advanced subgroup of controls (Geriatrics) in comparison with
the younger subgroups (Adults and Young) (OR=3.9 for Geriatrics
vs. Adults and OR=4.3 for Geriatrics vs. Young for the AC genotype;
OR=3.6 for Geriatrics vs. Adults and OR=3.9 for Geriatrics vs.
Young for the C allele). Although those results were not statistically
significant, they could indicate a very possible risk variant for cancer
occurrence, also with reference to age of a subject.

In reference to other identified variants it is worth mention
that we also observed a slightly higher prevalence of the alternative
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Table 3: Frequencies and odds ratio values for chosen single nucleotide variations for RAF1 gene. (Y=young; A=adult; G=geriatric)

Variation Car_mer Controls Pvalue OR (95% ClI)
subjects

c.T237C Genotypefrequency (n=22) (n=36)

T 21(0,95) 31(0,86)

cT 1 (0,05) 4(0,11) Cvs. T 0,4025 2,6 (0,3-25,1)

cc 0 1(0,03) Cvs.T 0,6978 1,9 (0,07-48,7)

subgroup Y (n=11)

TT 8(0,73)

CT2(0,18)

CC 1(0,09)

subgroup A (n=10)

TT 10 (1,0)

CToO Yvs. A 0,2891 5,5(0,2-130,4)

cco Yvs. A 0,5157 3(0,1-82,4)

subgroup G (n=15)

TT 13 (0,87)

CT2(0,13) Yvs. G 0,7358 1,6(0,2-12,2)

CCo Yvs. G 0,4228 3,9 (0,1-104,7)

Allele frequency

T 43 (0,98) 66 (0,92)

c 1(0,02) 6 (0,08) Cvs.T 0,2143 3,9 (0,5-33,6)

subgroup Y

T18(0,82)

C4(0,18)

subgroup A

T20(1,0)

Cco Yvs. A 0,1315 10 (0,5-198,1)

subgroup G

T 28 (0,93)

C2(0,07) Yvs. G 0,2159 3,1(0,5-18,8)

g.A4805C Genotypefrequency (n=22) (n=36)

AA 21(0,95) 36 (1,0)

AC 1 (0,05) 0 Tvs.C 0,3254 5,1 (0,2-130,7)

subgroup Y (n=11)

AA 11 (1,0)

subgroup A (n=10)

AA 10 (1,0)

subgroup G (n=15)

AA 15 (1,0)

Allele frequency

A 43 (0,98) 72 (1,0)

c 1(0,02) 0 Tvs.C 0,3277 5 (0,2-125,5)

subgroup Y

A22(1,0)

Cco

subgroup A

A 20 (1,0)

Cco

subgroup G

A 30 (1,0)

Cco
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g.A6902C

Genotypefrequency

(n=22)

(n=36)

AA

19 (0,86)

34 (0,94)

AC

2(0,09)

2(0,06)

Tvs.C

0,6095

1,7 (0,2-13)

cC

1 (0,05)

0

Tvs.C

0,3254

5,1 (0,2-130,7)

subgroup Y (n=11)

AA 11(1,0)

subgroup A (n=10)

AA 10 (1,0)

subgroup G (n=15)

AA 13 (0,87)

AC 2 (0,06)

Allele frequency

A

40 (0,91)

70 (0,97)

C

4(0,09)

2(0,03)

0,1585

3,5 (0,6-20)

subgroup Y

A22(1,0)

co

0,3832

3,9 (0,2-86,4)

subgroup A

A 20 (1,0)

Cco

0,4167

3,6 (0,2-79)

subgroup G

A 28 (0,93)

€2(0,07)

¢.A918C

Genotypefrequency

(n=22)

(n=36)

AA

21(0,95)

31(0,86)

AC

1(0,05)

4(0,11)

Cvs. T

0,4025

2,6 (0,3-25,1)

ccC

0

1(0,03)

Cvs. T

0,6978

1,9 (0,07-48,7)

subgroup Y (n=11)

AA 8 (0,73)

AC 2 (0,18)

CC 1(0,09)

subgroup A (n=10)

AA 10 (1,0)

ACO

Yvs. A

0,2891

5,5 (0,2-130,4)

CCo

Yvs. A

0,5157

3(0,1-82,4)

subgroup G (n=15)

AA 13 (0,87)

AC 2(0,13)

Yvs. G

0,7358

1,5 (0,2-12,2)

CCo

Yvs. G

0,4228

3,9 (0,1-104,7)

Allele frequency

A

43 (0,98)

66 (0,92)

C

1(0,02)

6 (0,08)

0,2143

3,9 (0,5-33,6)

subgroup Y

A 18 (0,82)

C4(0,18)

subgroup A

A 20 (1,0)

co

Yvs. A

0,1315

10 (0,5-198,1)

subgroup G

A 28 (0,93)

€2(0,07)

0,2159

3,1(0,5-18,8)
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AA homozygote (OR=2.1, p=0.3066) and for the alternative allele
A (OR=1.8, p=0.1536) in control subjects vs. cancer subjects in the
¢.G7478A variant. There were also higher OR values in the Young
subgroup in comparison with older subjects (OR=2.3 for Young vs.
Adults and OR=2.3 for Young vs. Geriatrics for the CC genotype;
OR=1.5 for Young vs. Adults and OR=1.9 for Young vs. Geriatrics
for the C allele). Similarly, there was a higher incidence of the
alternative AA homozygote (OR=3.9, p=0.1045) and alternative allele
A (OR=1.9, p=0.1167) in control vs. cancer group in the g.G11494A
variant. The genotype and allele frequencies in separate control
subgroups were inconclusive and the OR values were mostly around
the neutral ‘1’ value. Nevertheless, we assume that both variants could
represent putative protective variants. Moreover, both variants were
in 83% linkage in RAFI gene structure and this strongly significant
association was seen both in control and cancer subjects (83% and
80%, respectively). We did not observe differences in genotype and
allele frequencies for the rest of the identified variants, the OR values
were mostly around the neutral ‘1’ value or, if higher, were most likely
due to a presence of a single genotype or allele in one of the groups.

Haplo view analysis

RAFIgene structure of case-control association study revealed 2
haplotype blocks, according to the Gabriel et al. [18] algorithm (Figure
1). The haplotype block 1 consisted of two variants: g.G7478A and
¢.G11494A and showed 83% of linkage between the polymorphisms.
Both of them were also in strong linkage separately in control group
(83%) and in tumor group (80%) (Data not shown). Interestingly,
those two variants were observed to be the putative protective variants
with reference to tumor occurrence. The haplotype block 2 consisted
of two variants: g.C28107T and g.C28111T and showed 100% linkage.
The same linkage was observed separately for the control and the
tumor groups (data not shown).

Similarly, a very strong linkage (100%) was observed for variants
¢.T237C and c.A918C in case-control association structure, but also
in separate study groups. Both polymorphisms were suggested to be
putative protective variants.

We also observed some differences in linkage disequilibrium
values between control subjects and tumor patients with reference
to several pair of variants. There were over 3-fold higher linkage

i

£ T237C
0.A4805C
g AB802C
0.C14523T

/
9 A23254T |
0.C28107T, \,‘
3.A28119G
.C28179
0.C28103T

=
&
<
)

cAIBC

Block 2 (0 kb)
10 11 12

Y]
w
~
®
©
(]

o
=]
=
=
@
=

Figure 1: Structure of RAF1 gene shown as case-control association.

values for the control group in comparison with the tumor group for
variants: c.A918C (putative protective variant) and g.C28179T (72%
vs. 23%) and for the variants: ¢.T237C (putative protective variant)
and g. C28179T(72% vs. 23%). Also, we observed over 4-fold higher
LD values for the control group in comparison with the tumor group
for variants: g.C14523T and c.A918C (putative protective variant)
(29% vs. 7%) and also for variants: c.T237C (putative protective
variant) and g.C14523T (29% vs. 7%). On the contrary, we observed
over 2-fold and over 3-fold higher LD values for the tumor group in
comparison with the control group for variants: g.A6902C (putative
risk variant) and g.C28179T (52% vs. 22%) and for variants: g.A6902C
(putative risk variant) and g.C14523T (30% vs. 9%), respectively.

Discussion

Carcinogenesis is a process which may be associated with
multiple molecular and biochemical changes finally leading to
changes in cell and tissue morphology as well as induction of cancer
growth and development. It was found that the main factors that lead
to induction of carcinogenesis and cancer growth are associated with
uncontrolled cells division and resistance to apoptosis [19,20,21].
Therefore, many new gene mutations and/or polymorphisms were
found to be markers associated with frequency of cancer in several
populations. Canine cancer, especially the mammary gland tumor,
belong to the cancer types which display a lot of morphological and
clinical prognosis similarities to human tumors [22,23]. Therefore, in
many cases, canine cancer was found to provide a model of human
carcinogenesis.

Aging is the process of multiple biochemical, molecular and
metabolomics changes that involve many chemical reactions (e.g. free
radical reactions) which finally lead to irreversible changes [24,25].
The aging is also characterized by molecular-genetic changes detected
in telomerase activity and chromosome morphology [26,27].

This study was performed to identify new mutation and/
or polymorphisms in the RAFI gene. Since the RAF1 proteins
function is to protect cells from apoptosis pathway as well as to
produce in the cells the mechanisms of apoptosis resistance, it was
hypothesized that changes in the RAFI gene structure may lead
to induction of carcinogenesis and cancer growth in the case of
uncontrolled cell division and protection against cell programmed
death. After sequencing analysis we found 13 new single nucleotide
polymorphisms, two of them localized in exons 3 and 9. Although
all identified polymorphisms were synonymous, inducing no change
of amino acid sequence in the protein structure, it is suggested
that many of haplotype blocks revealed strong linkage of the
polymorphisms. Even if the results were not statistically significant,
it is worth mentioning them, as they were observed in study groups
only separately, and could indicate slightly different pattern of genetic
segregation in cancer and control subjects. Moreover, each pair of
the discussed above polymorphic variants included one putative
protective or risk variant, which could be of importance while
considering genetic susceptibility to carcinogenesis in dogs. RAFI
gene structure and genotype and allele frequencies suggest it to be a
candidate gene for cancer occurrence in female dogs.

In the case of association between aging process and RAFI
gene mutations, significant changes were observed in ¢.T237C
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polymorphisms and frequency of C allele between three age-related
groups of females. The results were not statistically significant and
the nucleotide substitution in this variant did not change the amino
acid sequence of the protein. Nevertheless, the results suggest that
variant ¢.T237C could be recognized as a possible protective variant
in relation to cancer occurrence as well as it could be associated with
aging process in bitches. Similarly, we found an increased prevalence
of heterozygote, alternative homozygote and alternative allele in the
youngest subjects (Young group) in comparison with the other two
age-related groups. The results were not statistically significant and
the nucleotide substitution did not change the amino acid sequence of
the protein. Still, similarly to variant ¢.T237C, difference in genotype
and allele frequencies in c.A918C variant could indicate not only the
alternative allele C as a protective variant but also a lower incidence
of the tumor presence as related to age of a subject. Interestingly,
both putative protective variants (c.T237C and c.A918C) manifested
a 100% linkage, which was seen both in control and tumor groups.

Although importance of proto-oncogenes and cell division
cycle regulators in induction of carcinogenesis and/or growth
and development of cancer was well recognized, the role of RAF1
expression remains still not entirely known. Moreover, few data
are only available concerning association between mutations and
polymorphisms of RAFIgene and the occurrence of mammary tumor
in humans. There exists no evidence of the role of RAFIgene structure
changes and occurrence of any types of cancers in domestic bitches.
Therefore, the results of present study are of high significance for
understanding of the role of this proto-oncogene in canine mammary
tumor development as related to aging process. Kiefer et al. [28] used
Non-Small-Cell Lung Cancer (NSCLC) cell lines as the model for
investigation on variable pattern of cellular oncogene expression
and focusing of Epidermal Growth Factor (EGF) binding sites in the
NSCLC genome. They found that each investigated cell line showed
its own oncogene expression pattern. Moreover, they concluded
that the transcriptional activation of proto-oncogenes such as
RAFIis involved in activation of EGF signaling pathway as well as
it may serve as a marker of NSCLC development. In another study,
Kang et al. [29] investigated mutation in several proto-oncogenes
such as RAS, RAF and PIK3CA and AKT1I in the Extra Mammary
Paget’s Disease (EMPD). They observed a distinct mutation prolife
in EMPDs with 27 (19%) cases mutatedRAS and RAF oncogenes and
50 (35%) cases harboring oncogenic mutation in PIK3CA and AKT1.
They demonstrated that mutation in these important proto-oncogene
signaling pathways (RAS/RAF and PI3K/AKT) may be a reason for
altered expression of related genes as well as are for their significant
association with pathogenesis of EMPD. It may be concluded that
these genes and encoded by them proteins may be used a target of
pharmacogenetic therapy in skin cancer. In a similar study, Swanson
et al. [30] searched for mutations in a member of RAS/ERK signaling
pathway genes, such as RAFI, in relation to development of Noonan
Syndrome (NS). They showed that RAS/ERK signaling pathway
genes such as PTPN11, KRAS and RAFIwere highly associated with
development of various sporadic neoplasms, although this association
was determined at variable levels of frequency.

The RAFI, as a main proto-oncogene, was previously used as a
target gene and protein in analyzes of human cellular senescence,
however the association between mutations/polymorphisms of RAFI

gene in relation to aging in canines was never investigated before. In
the study of cellular senescence, the WI-38hTERT/GFP-RAF1-ER
model of immortal cell line was previously used for studying RAF1-
induced senescence of human fibroblasts [31]. The authors observed
that, when the fibroblasts were cultivated in 5% oxygen, RAFI
activation generated negligible reactive oxygen species, whereas
RAF1-induced senescence occurred efficiently in the culture even
in the presence of anti-oxidants or inhibitors of DNA checkpoint
pathways. They demonstrated that explicative and oxidative stresses
are not the required factors, responsible for RAF1-induced cellular
senescence. It was recently also demonstrated that accumulation
of 8-0x0-7,8-dihydroguanine (8-0xoG) in the DNA structure leads
to genetic instability and spontaneous mutagenesis, providing the
reason for induction of carcinogenesis, induction of aging processes
and development of various aging-related disease [32]. 8-0x0G is
removed from the DNA via DNA Base Excision Repair Process (BER),
which is initiated by 8-oxoguanine DNA glycosylase-1 (OGG1). The
results obtained by German et al. [32] demonstrated that 8-oxoG
was removed from DNA via activation of OGG1-BER. Moreover, it
results in activation of RASGTPase, which leads to phosphorylation
of the downstream RAStargets RAF1, MEK1,2 and ERK1,2. These
results showed a novel mechanisms of OGGl-initiated DNA BER,
which may serve as a marker of processes counteracting induction
of aging.

In conclusion, RAF1 described as a proto-oncogene and/or
apoptosis resistance protein is involved in induction of carcinogenesis,
cellular senescence and processes of aging. The results obtained
in this study revealed that RAFI mutations may influence cancer
development in a biphasic way, such as a risk or a protective factor.
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