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Abstract: This article contains the analysis of mutations in genes that regulate the cell cycle (TP53 and BRCA1) and
classification relating to tumor suppressor. Shown that the "risk" alleles of these genes may contribute to tumor
development, but the activation of the immune system cytokine spectrum of patients can prevent their destructive
degeneration. The authors proposed a personalized approach to the study for the prevention of possible proliferative
processes. This is confirmed by reversal of "risk" alleles studied genes in tumors in operated patients with cytokine

physiologically normal status.
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INTRODUCTION

Malignant transformation of cells due to the cell
cycle derangement and apoptosis inhibition [1] is the
basis of carcinogenesis, irrespective of tumor
localization. The molecular pathogenesis of cancer
involves a great number of genetic and epigenetic
events leading to activation of oncogenes and
inactivation of tumor suppression genes [2, 3]. One of
the key tumor growth suppressor genes are TP53 and
BRCA1, the protein products of which implement a
wide range of cellular processes, regulation of the cell
cycle, induction of apoptosis, permanent supervision of
genome condition and malignant transformation of cells
[4-7]. The disorder of the functional activity of these
proteins may provoke genetic instability, transcriptional,
signal and mitochondrial functions disturbance [8]. The
proliferative growth of transformed cell and the shift to
autocrine or paracrine mechanism of growth regulation
is possible in case of immune system oppression. It
has been demonstrated that some solid neoplasms
cytokines are able to affect tumor cells growth, altering
the expression of pro- and anti-apoptotic proteins,
various oncogenes and markers of cell proliferative
activity [9]. The self-defense system plays crucial
role for implementing the immune response and
maintenance of homeostasis. In particular, pro- and
anti-inflammatory serumal cytokines imbalance tends
to develop pathological processes including malignant
neoplasms [10, 11]. Thus, during the process of case-
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finding of the genetic predisposition to the cancer
diseases, the integrated approach is the most
prospective and actual area of researches for
molecular mechanisms of malignant cells
transformation.

MATERIALS AND METHODS

Study Materials

For this work were used DNA of 1044 persons aged
18 to 72 (median 35.75), living in the Republic of
Bashkortostan. These include: 956 healthy individuals
without burdened cancer anamnesis and 88 breast
cancer patients who underwent hospital treatment
in national oncology clinic of Bashkortostan Republic.
The research involved patients with different disease
stages, corresponding to the Classification of Malignant
Tumors (TNM): T1-3NO-2MO.

Research Methods

The standard method of Phenol-chloroform
extraction was used for the DNA isolation. The DNA
isolation from tumor tissue was carried out using sets
made by «Fermentas» company. Genotyping of
polymorphic loci examined genes was conducted by
the polymerase chain reaction (PCR) method and
restriction analysis that were followed by DNA
paragraph electrophoresis in 7% polyacrylamide gel.
Gels staining was accomplished by Ethidium bromide
solution (1%), following visualization with the help of
Gel Imager. Cytokine concentration (IL-183, IL1RA, IL2,
IL4, IL6, IL10, a-TNF) in Blood serum of healthy

© 2013 Lifescience Global



212  Journal of Cancer Research Updates, 2013 Vol. 2, No. 3

Gantsev et al.

individuals and breast cancer patients (stages T1-3NO-
2M0) was defined by imunnoenzyme method using
reagents made by  «Vector-best»  company
(Novosibirsk). The blood serum was taken before the
tumor operation and during postoperative period.

The Design of the Study

In the first phase of the study was conducted on
three genotyping of polymorphic variants of the TP53
gene (rs1042522, rs1625895, dup 16 bp in 3 intron),
since, according to the literature, these polymorphic
loci are the most significant and affect the functioning
of both the gene and the encoded their protein [7, 8,
12]. According to the results of genotyping was formed
the control group, which consisted of 143 women who
are carriers of the 'normal' allele of the TP53 gene.
Appropriateness of the control group with the allelic
status of the TP53 gene due to the fact that scientific
studies have proven the fact that the carrier cancer
patients "risk" alleles of the TP53 gene [13-16].
Therefore, to exclude from the control group of people
potentially susceptible to cancer, was used similar
genetic "filter".

DNA samples from women with breast cancer (n =
88) and women (n = 143), selected in the control group
were studied for two gene loci BRCA1 (rs80357629,
rs1799966). BRCA1 gene product plays a dual role in
the pathogenesis of breast cancer: BRCAL1 protein
deficiency increases the rate of mutation of genes,
including TP53 [17], in addition, BRCA1 protein is
involved in hormonal regulation and as a result in the
development of hormone-dependent tumors of the
breast, ovarian and prostate cancers [18, 19]. Results
showed that patients with breast cancer are carriers of
risk alleles of BRCA1, and in the control group, found
56 women who are carriers of alleles that determine
the proper conformation of the protein BRCAL.

The next phase of the study was to determine the
concentrations of cytokines in the serum of women with
breast cancer and 56 healthy, non-carriers of normal
alleles of the TP53 gene.

At the final stage, 15 of women with breast cancer
study of DNA samples of tumor tissue.

Statistical processing was carried out using t-test.
Differences between parameters were considered
statistically significant at p<0,05. To determine the
statistical parameters used in the program MS Excel
and Statistica 6.0. Univariate analysis of variance

(ANOVA) was performed using the statistical package
SPSS (version 13.0). Linkage analysis was performed
using two LD, gaplotipichesky analysis - using the EH.

RESULTS AND DISCUSSION

The analysis of genotypes frequency distribution
according to polymorphic genes loci cell cycle TP53
and BRCAL1 from healthy individuals and breast cancer
patients

The analysis of genotypes frequency distribution
according to explored polymorphic genes loci TP53
(rs1042522, rs1625895, DUP16BP in 3 intron) and
BRCA1 (rs80357629, rs1799966) drew out significant
difference. Thus, according to polymorphic locus
rs1042522 (G/C or w/m on the Figures 1 and 2) in
TP53 gene was found proved elevation of
heterozygous genotype frequency GC (w/m) in the
group of healthy individuals (p=0,005, ¥2=8,30) and in
the group of cancer patients heterozygous genotype
GG (w/w; p=0,023, %2=5,22) occurred more often.
According to the studies of patients, *G (*w) allele
codes the protein, possessing a greater capability of
mitochondrial translocation in comparison with protein
form, which is encoded by allele *C (*m), which
correlates with differences in pro-apoptosis activity,
encoded by these alleles form of protein. P53 protein
contains a number of functionally significant domains.
Nucleotide substitution G/C in polymorphic locus
rs1042522 leads to the replacement of arginine amino
acid (Arg) for proline (Pro) in 72 position of protein
sequence [20]. The section formed by amino acid
leftovers from 43® to 73", creates assident
transcriptional domain [21] which is presumably
involved in the apoptosis process [22, 23]. In particular,
P53 protein with Arg leftover in the 72 position evokes
the apoptosis induction in the most effective way and
its quantity in mitochondrial faction is an order of
magnitude higher in containing of P53 protein than that
of containing Pro leftover [24]. Thus, the polymorphic
condition of the TP53 gene according to explored locus
(rs1042522, G/C) defines the formation of the low-level
protein. During the analysis of the frequency
distribution of genotypes and alleles frequencies of
polymorphic loci rs1625895 (G / A or w / m in Figures 1
and 2) in the TP53 gene was revealed that the
genotypes w / m and m / m, and *m allele were
significantly more frequent in the group of cancer
patients (p=0,0005, %2=100,03; p=0,0014, x2=11,59;
p=0,0005, x2=95,49 correspondingly). Whereas, in the
group of healthy individuals genotype w / w and allele
*w  (p=0,0005, %2=117,36; p=0,0005, ¢2=95,49
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correspondingly) predominated. A polymorphic variant
of the sixth intron was studied rather widely in the
course of breast cancer study and is associated with Li-
Fraumeni syndrome [25]. It was established that this
polymorphic variant can alter the expression of the
TP53 gene [26]. Biros et al. [27] also a significant
increase in the frequency of heterozygotes for the sixth
intron by lung cancer patients compared to controls
was shown. No significant differences were found in
the distribution of genotypes and alleles frequencies of
polymorphic loci DUP16BP TP53 gene possessed by
healthy individuals and cancer patients. Although some
authors suggest that the polymorphic variant is highly
significant, as in the third intron is found MDM2, the
product of which binds to the amino terminal end of the
P53 molecule and stimulates ubiquitination and
proteasomal degradation of P53 [28]. Therefore,
changing of the structure of the third intron can lead to
the disruption of the activation processes of
transcription of the target genes required for the cell
cycle block and the startup of the apoptosis [28].
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Figure 1: The distribution of genotype frequencies of
polymorphic loci and TP53 genes and BRCAL possessed by
patients with breast cancer.

Note: On Figures 1, 2 w - «normal» allele, m - mutant
allele

According to the results of the frequency distribution
of genotypes according to polymorphic loci TP53 gene
among healthy individuals a group was formed in order
to compare the results of the distribution of genotypes
and allele frequencies of polymorphic loci gene BRCA1
(rs803357629, G / A; rs1799966, A / G) analysis. The
comparative analysis of the distribution of studied
polymorphic loci (rs803357629, G / A (w / m);
rs1799966, A / G (w / m) in the gene BRCAl. A

significant increase of the frequency of the
homozygous genotype GG (w / w) and allele *G (*w) in
the group of healthy individuals relative to the group of
cancer patients (p=0,0005, %2=49,40; p=0,0005,
%2=66,10 correspondingly) polymorphic loci
rs803357629 (G / A) in the gene BRCAL1 (Figures 1, 2)
was discovered. Homozygous genotype AA (m / m)
was discovered only in case of cancer patients
(p=0,0005, %x2=66,31). According to our sources, that
structural changes in the 11th exon of the BRCAL gene
lead to a decoupling of BRCA1 protein interaction with
SWI /SNF transcription factor complex, as well as
blocking the stimulation of P53-mediated transcription
[29]. The analysis of the frequency distribution of
genotypes and allele frequencies of polymorphic loci
rs1799966 (A / G or w / m) in the BRCAl gene
identified reliably significant difference between
patients and healthy individuals. Thus, the homozygous
genotype GG (m / m) and allele *G (*m) were
significantly more frequent in the group of cancer
patients (p=0,0005, %2=96,48; p=0,0005, ¥2=98,14
correspondingly). Whereas, in the group of healthy
individuals genotypes AA (w / w) and AG (w / m), as
well as allele *A (p=0,0005, %2=75,46; p=0,006,

x2=7,85; p=0,0005, %2=98,14, correspondingly)
dominated.
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Figure 2: The distribution of genotype frequencies of
polymorphic loci and TP53 genes and BRCA1 polymorphic
loci in the group of healthy individuals.

Healthy Individuals and Breast Cancer Patient
Group Alleles Frequency Distribution and
Polymorphous Genes Variants of Cytokine System
Genotypes Analysis

Comparative analysis of genotypes and alleles
frequency distribution by polymorphic locus rs1143634
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in gene IL-1 B detected significant raise of homozygous
«risk» genotype E2E2 (p=0,05, X2:3,81) and allele *E2
(p=0,006, X2:7,65) frequency in oncological patients
group.

While typing by minisatellite in receptor gene of
interleukin-1 (IL1RA), oncological patients significantly
often have genotype IL-1RA *lI/*Il with frequency
24,39% (p=0,0005, %2=36,24) and allele IL-1RA*Il with
frequency 51,83% (p=0,0005, x2=22, 36). According to
literature data, the production raise of IL1RA in vitro
and in vivo [30, 31] is registered in allele IL1RA*II,
furthermore, presence of allele ILIRA*Il is associated
with production raise of IL-1B in vitro [32]. Some
authors consider carriage of allele ILIRA*Il as genetic
determinant in development of cancer, specifically
breast cancer [33], carcinoma of uterine cervix [34] and
ovarian carcinoma [35].

Also statistically significant differences were
detected between healthy individuals group and cancer
patients by polymorphic locus rs1800796 in promoter
region of interleukin-6 gen. The genotype GC
significantly often appears in cancer patient group
(69,32%, p=0,0005, X2:30,25). According to literature
data, allele *C of gene IL6 carriers have higher
production of proinflammatory interleukin-6 [36]. In turn,
IL-6, being vigorous type-high and differentiation factor
of B-cells, also has angiogenic action and takes main
part in growth malignant cell in cancer [37-39], as well
as increasing dissemination of tumor cells [10, 40, 41].

Analysis of Alleles' Inheritance of Oncosupression
System’s Gens (TP53, BRCA1)

Was formerly held by linkage analysis [42] of
polymorphic loci in gens TP53 (rs1625895, rs1042522,
DUP 16bp) and BRCAL (rs80357629, rs1799966). In
cancer patients identified risk haplotypes *G/*m/*D/*G,
*C/w/*D/*A and *C/*m/*D/*A (rs1042522, TP53 /
rs1625895, TP53 / DUP 16BP, TP53 / rs80357629,
BRCA1 corresponding), were detected in cancer
patients groups, which are absent in comparison group
[42].

The Analysis of Genotype Polymorphous Loci
Combination in Gene: Interleukin-1 and TP53
Family

In populations the activity of the protein P53
substantially modified by genetic polymorphism. The
most significant and examined are three polymorphous
variants of gene TP53: dotted replacement of guanine
by cytosine in 72" codon of exon (rs1042522,

Arg72Pro).Depending on that, which amino-acid
residue situated in position of 72" polypeptide chain
protein P53 changes the ability of P53 to start
apoptosis [43]. Protein P53 with resedue of Arg in
position 72 more effective to bring on apoptosis
induction than protein containing resedue Pro [24, 44];
polymorphous locus in 6" intron (rs1625895) and
insertion/deletion 15 bp in 3% intron changes «dose» of
gene, thus influence on activity of protein P53 [45].

On the basis of above mentioned, the distribution
character of genotypes frequency of three examined
genes of the family interleukin-1 (IL-18 (rs1143634),
IL1Ra (VNTR), IL1RI (rs2287047)) in group of breast
cancer patients, which are genotype carriers Pro/Pro of
gene TP53 (rs1042522, Arg72Pro). 7 combinations of
27 possible were detected (Figure 3). The share of the
genotype combination E1E2//I/I//TC had 25%,
genotype combination of EXAEL//I/II//TC, ELEL/I/IIITC,
and E1E2//II/ITC appeared with 16,6% frequency each
and with 9% frequency combinations of E1E1//I/II//CC,
ELEL/NN/ITT and E2E2/1I/I/ITC.
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Figure 3: Frequencies distribution of genotypes combination
IL-18/ILIRA/ILIRI in genotype carriers group Pro/Pro by
gene TP53 in cancer patients group, %.

The Analysis of Haplotypes Association by Genes
Alleles IL-18, IL1RA, IL1RI

In group of cancer patients the individuals were
singled out who are carriers of «risk» alleles of
polymorphic loci (*Pro (rs1042522), *m (rs1625895),
*196 (Dup 16BP) of gene TP53. The comparison group
was entered by the individuals without oncological
anamnesis, which are carriers of normal alleles of gene
TP53. The monitoring group was forming not accidently
as shown that «risk» alleles of gene TP53 are detected
with frequency from 50 to 86% with different forms of
cancer [13, 46-48].
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The analisis of haplotypes frequency distribution by
gene allele IL-18, IL1RA, IL1RI (Figure 4) in group of
apparently healthy individuals and cancer patients
detected significant haplotype frequency raise
(p=0,004, x°=8,71, carrying «favorable» alleles
combinations *E1/*I/*T in group of apparently healthy
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Figure 4: Comparative analysis of haplotypes frequency
distribution on the based of loci analysis IL-18 (rs1143634),

IL1Ra (VNTR), IL1RI (rs2287047) in breast cancer group and
a healthy individuals group, %.

The haplotype *E2/*I/*T which has one allele with
changed function (IL-18*E2), which associated with
high production interleukin-1, appears in group of
cancer patients more often than in healthy individuals
group (p=0,02, x2:4,73). The haplotype, carrying three
«unprotective» alleles *E2/*11/*C, appears only in group
of cancer patients (p=0,0034, x2:9,14). Our
investigations have revealed by alleles combinations
that individuals have significant higher rates of
interleukin-1B productions and antagonist in serum.
According to Hurme M. et al., [31], such ratio cytokines
can show itself as cytodifferentiation factor.
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According to the results of the molecular genetic
analysis of the number of healthy women were
selected individuals who are the carriers of the 'normal’
allele studied cell-cycle genes (TP53, BRCA1). The
number of patients was 56, which later was related to
as a control group during the comparative analysis of
cytokine concentration in the serum.

Enzyme Multiplied Immunoassay of Cytokines
Concentration in Serum

The analysis of the content of the main pro-and anti-
inflammatory cytokines in the serum of patients with
breast cancer shows a significant change in their level
compared to healthy individuals (Figure 5).

A significant decrease in pro-inflammatory IL-2
cytokine in patients with breast cancer was found. It is
known that IL-2 is an inducer of apoptosis [49],
therefore, these patients have depressed process of
elimination of the damaged cells. In patients with breast
cancer was found increased production of
proinflammatory cytokines IL-6. It is established that IL-
6 has a great influence on the regulation of the immune
response: it stimulates the proliferation and
differentiation of B - cells, enhances the production of
antibodies, it is involved in the production of multipotent
colony-forming factors and megakaryocytes, can inhibit
neutrophil apoptosis [49].

In addition, IL-6 acts as a carcinogenesis trigger,
including a self-sustaining chain that causes the
initiation and maintenance of the malignant state in
mammalian cells [50]. Some authors refer IL-6 to the
cytokines that inhibits apoptosis, which promotes tumor
growth and neoangiogenesis [37, 51]. Concentrations
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Figure 5: Cytokine status of breast cancer patients before surgery and healthy individuals, pg /ml (CRP-mg /l).

Note: The clinical standard values are given in parentheses.
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Table 1: Cytokine Status Indices in Breast Cancer Patients Group Before Operation and During Postoperative Period

before operation during postoperative period
Cytokines - p
n X tm n X tm
IL-18 88 2,5+0,21 88 1,78+0,13 0,7
ILIRA 88 1031,43+75,71 88 1010,5+86,05 0,4
IL2 88 1,26+0,06 88 - 0,08
IL4 88 1,3+0,09 88 1,55+0,07 0,4
IL6 88 25+1,96 88 30,8+1,85 0,8
IL10 88 22,8+1,85 88 18,2+0,92 0,19
a-TNF 88 3,62+0,22 88 3,31+0,16 0,37

Note: significance of differences was estimated by t-criterion.

of other pro-inflammatory cytokines were at the
minimum values of the physiological norm (Figure 5),
which can be explained by the weak immunoreactivity.
Enzyme multiplied immunoassay of cytokines in the
serum of patients with breast cancer which was
conducted after surgery showed no change in
concentrations of pro-and anti- cytokines (Table 1).

The concentration of pro-and anti-inflammatory
cytokines in healthy individuals was at the physiological
ratio according to their functional relationships.

The Analysis of the Association of Polymorphic
Gene Markers with the Average Values of Cytokine
(ANOVA) Quantitative Indicators in Breast Cancer
Patients

With the help of one-way analysis of variance
(ANOVA) in breast cancer patients was revealed the
association of reduced concentration of IL-2 allele with
* m (rs1625895) of gene TP53 (p <0,001). The
pathogenesis of cancer involves the processes of
malignant transformation of cells arising from an
inhibition of the functioning of the tumor suppressor
gene TP53 and mechanisms of immune control
oppression due to the low immunoreactivity.

By means of one-way analysis of variance (ANOVA)
in patients with breast cancer was discovered the
association of low values of IL-10 with allele BRCA1 *
A (rs80357629, p = 0.038). Changing the BRCA1
protein function by nucleotide substitution in the
polymorphic locus rs80357629 of gene BRCA1l
reduces the efficiency of DNA repair, and as a
consequence, leads to the genetic instability. In
combination with a reduction in apoptosis inducers
(IL-10, IL-2, IL-4), these two processes serve to the
progression of transformed cells and the development
of cancer.

Thus, the disruption of the cell-cycle genes together
with the imbalance ratio of serum cytokines involved in
the induction of apoptosis is a factor of poor prognosis
for the development of breast cancer.

Typing of Polymorphic Loci TP53 and BRCAL in
DNA Genes of Peripheral Blood and Tumor Tissue
of Breast Cancer Patients

During the genotyping of polymorphic loci,
rs1042522, rs1625895, DUP 16bp, TP53 gene and
rs80357629, rs1799966 BRCA1l gene in DNA of
peripheral blood leukocytes and tumor tissue in
patients with breast cancer the changes of genotypes
was revealed in seven out of the fifteen biopsies.

In tissue samples number 2 (Figure 6) was revealed
a homozygous genotype ww (rs1625895) in the TP53
gene, as reflected by the emergence of recognition site
for the restriction nuclease Mspl.

Histological presentation of the tumor tissue was
corresponding to the benign tumors characteristics
(Figure 7, 21). Supposedly the genetic constitution of
the TP53 wm gene predisposing to the cancer
pathology, contributed to malignant degeneration of
cells, but the reversion of TP53 allele (wm — ww) in
the tumor has determined a large number of healthy
tissue.

In two samples (Ne 4 and 3, Figure 6) the
discrepancies in genotypes in four out of the five loci
were found. The individual analysis showed that these
patients had stage Il of disease without metastasis
(T2NOMO). Histological studies have identified the
stage of tumor infiltrative ductal carcinoma (Figure 8,
21).
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Figure 6: Electrophoregram of genotyping polymorphic locus rs1625895 TP53 gene samples of peripheral blood and tumor

tissue results.

Figure 7: Intracanalicular fibroadenoma with a marked stromal myxomatosis micronecrosis and polymorphism of individual cells

of the stroma. Staining was carried out by using hematoxylin and eosin, x 100.

Figure 8: Infiltrating ductal carcinoma. Stained with hematoxylin and eosin, x 100.

Note: in a dense fibrous stroma tumor cells form a solid-serous structure. Tumor cells of different size and shape, hyperchromic

nuclei, single mitosis.

Five risk alleles in genes TP53 and BRCAL that are showed that the concentration of anti-inflammatory

able to start cell proliferation are identified in the patient
number 3. The personalized analysis of cytokine profile

cytokine IL-10 was significantly increased, indicating
the hard work of the immune system (Table 2).
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Table 2: The Indicators of Cytokine Status in Women, Possessing Nucleotide Changes in the Tumor Tissue

Ne specimen Concentration of cytokines, pg/ml
IL-1B ILIRA IL2 IL4 IL6 IL10 a-TNF CRP
(0-15) (to 1500) (0-10) (to 4) (to 10) (to 20) (0-6) (mo 5)
2 1 271,8 0 0,93 2 2 0 1,44
3 1,6 314,2 1,87 0,2 6,5 38,5 4,8 1,14

Note: The clinical standard values of cytokine production are given in parentheses.
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