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OPUTUHAJIbHBIE NCCNELOBAHMUA
THE CONTRIBUTION

OF GENETIC POLYMORPHISMS
OF XENOBIOTIC-METABOLIZING
ENZYMES IN THE RISK OF BREAST
CANCER DEVELOPMENT

IN WOMEN

Summary. Breast cancer (BC) is multifactor disease, the occurrence of which is con-
sidered as a result of the number factors interaction, including genetic. Polymor-
phism of genes encoding for detoxification xenobiotics enzymes may be associated
with increased risk of various diseases, including BC. Aim: to evaluate the contribu-
tion of polymorphic variants G1934A, G681A, C430T, A1075C and C3435T of CY-
P2D6, CYP2C19, CYP2C9 and MDR1 genes in the BC risk in women. Object and
methods: the study enrolled 67 patients with histologically verified BC diagnosis of
stages I and II, that had burdened by heredity. The control group was represented
by women without cancer pathology with unburdened by heredity (n = 300). Ge-
notyping of the C430T, A1075C, G681A, G1934A and C3435T polymorphic va-
riants of CYP2C9, CYP2C19, CYP2D6, and MDR 1 genes was performed by PCR-
RFLP. Results: it was established that the 1934AA genotype by G1934A polymorphic
variant of CYP2D6 gene contributes to the risk of BC developing, and in combina-
tion with other genotypes of xenobiotic-metabolizing enzymes genes this risk increa-
ses significantly. «Wild-type» (1934GG) genotype by polymorphic variant G1934A
of CYP2D6 gene shows a pronounced protective effect in the risk of BC development
in women. Conclusion: the study revealed that genotypes for investigational polymor-
Pphic variants of xenobiotics detoxification system genes in various combinations in-

creased BC risk in women with aggravated heredity.

Breast cancer (BC) is multifactor disease, which oc-
currence is considered to be the result of interaction bet-
ween series of genetic and environmental factors, inclu-
ding geographical, social, industrial, etc. [1]. The basis
of tumor process independently from localization of tu-
mor is cells malignant transformation as a result of ab-
normality cellular cycle regulation and apoptosis depres-
sion [2]. Molecular pathogenesis of oncological diseases
includes large amount of genetic and epigenetic events,
which cause the oncogenes activation and inactivation
of tumor suppression genes [3, 4].

At the same time, modifying impact on the functioning
of oncosuppressors genes may have such factors, as xeno-
biotics detoxification enzymes genes, which are responsi-
ble for metabolism (activation and inactivation) of wide
range endo- and exobiotics, including carcinogens [3, 6].
The main enzymes of I phase xenobiotics detoxification
are enzymes of cytochrome P450 superfamily. It is expec-
ted that the cytochrome P450 gene polymorphism may
affect the risk a number malignant neoplasms, includ-
ing BC. To the system of detoxification is also referred
ATP-dependent transporter — P-glycoprotein, which re-
alizes energy-dependent transport of substances in cells.

CYP2D6 gene (according to the electronic systema-
tization of genes — OMIM*124030) is localized on
the chromosome 22q13.1. In CYP2D6 gene (product—
cytochrome P450 2D6) mostly in our region is detected
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allele variant *4 — single nucleotide replacement G1934A
(rs3892097) on the boundary between intron 3 and
exon 4, presence of which causes the incorrect splicing
of mRNA, that results in a reading frame shift, premature
completion of the translation and formation of the de-
fective protein product devoid of enzymatic activity [7].

Cytochrome P450 2C19 gene — CYP2C19
(OMIM*124020) is localized on the chromosome
10q24.1-q24.3. Allele variant *2 of CYP2C19 gene
(rs4244285), which in literature is marked also as
CYP2C19m1 and is typical only for Europeans, is formed
by replacement of guanine (G) by adenine (A) in 681 po-
sition of 5" exon «wild type» (CYP2C19*] — G681) and
creates aberrant splicing site [8]. Such single nucleotide
replacement causes the displacement of mRNA reading
frame, starting from 215 amino-acid residue, and un-
timely creates stop-codon on 20 amino-acid residues
earlier that results in truncated, non-functional protein.

CYP2C9 gene (OMIM*601130) is localized on
the chromosome 10q24 and encodes cytochrome
P450 2C9 (CYP2C9 enzyme). Today are known two
allele variants, which are significant for Caucasians
population: *2 and *3. Allele *1 is «wild type» and en-
codes normal protein. Allele *2 contains replacement of
C430T, that causes the replacement of arginine by cys-
teine in position 144 of amino-acid sequence (R144C,
rs1799853). Allele *3 is determined by nucleotide replace-
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ment A1075C, that causes replacement of isoleucine by
leucine in position 359 of amino-acid sequence (1359L,
rs1057910). Both variants are associated with significant
decrease of enzyme activity [9].

Multidrug resistance 1 gene (MDR1), which is lo-
calized on the chromosome 7 (7¢21.1), encodes P-gly-
coprotein (P-gp) — ATP-dependent transporter. It has
been proved that polymorphism C3435T (rs1045642)
in 26" exon influences the P-gp expression. Action of
P-gp is aimed on the regulation of substances entering
speed (endo- and exogenous origin), including drugs,
and their excretion from cells and, thus, it determines
the bioavailability of many drugs, which are applied regu-
larly at different pathologies. Alterations of P-gp function
may cause the development of autointoxication that, in
turn, may influence the development of different patho-
logical states (including malignant neoplasms); drug re-
sistance may be the result of its hyperactivation.

The interrelation between features of female sex hor-
mones metabolism and risk of hormone-dependent
breast tumors, endometrial and ovarian tumors for a long
time has been considered to be proved [6]. Polymorphic
variants of genes, which products participate in synthe-
sis of androgens and estrogens (CYP450), can increase
risk of neoplasms reproductive system development [13].
Coding proper enzymes (for example, aromatase), they
can influence the generation of estrogens.

Earlier we have studied overall alleles and geno-
types frequency according to the polymorphic variants
of most significant of xenobiotics detoxification system
genes [11]. Also we has been determined the connection
of genotypes frequency by polymorphic variant G1934A
of CYP2D6 gene with increased risk of BC inwomen [ 12].
Since frequency of genotypes according to the polymor-
phic variants of xenobiotics detoxification system genes
for Ukrainian population is quite high, it has been deci-
ded to carry out comprehensive analysis of involvement
of these genes in the risk factors of BC in women.

The aim of this study was to evaluate contribu-
tion of polymorphic variants G1934A, G681A, C430T,
A1075C and C3435T of CYP2D6, CYP2C19, CYP2C9and
MDRI1 genes to the risk of BC in women.

PATIENTS AND METHODS

Protocol of study has been approved by the Ethics
Committee of SI «Institute of Genetic and Regener-
ative Medicine of NAMS». All individuals enrolled in
study group have signed informed consent for the par-
ticipation in study. The main group included 67 patients
aged from 18 to 80 (mean age — 44.8 + 13.6) with histo-
logically verified diagnosis of BC of I and II stage bur-
dened by heredity (patients who have 2 or more BC cas-
es among the relatives of I—II degree of kin) and have
been receiving treatment in Kyiv City Clinical Oncologi-
cal Centre. Control group was represented by 300 women
without oncological pathology with unburdened heredity
(mean age 46.1 = 16.6). The inquiry of all, who partici-
pated in study, with entering the information in the de-
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veloped by us card and further analysis of pedigree, has
been carried out.

As material for molecular-genetic studies has been
taken peripheral blood, which was kept in closed sys-
tems for venous blood sampling with potassium salt
of ethylene ethylenediaminetetraacetic acid (EDTA) as
anticoagulant. Genomic DNA was extracted with use
of commercial kit « DNA-sorb-B»(Central Research In-
stitute of Epidemiology of Ministry of Health of RF).
Genotyping by polymorphic variants C430T, A1075C,
G681A, G1934A and C3435T of CYP2C9, CYP2C19,
CYP2D6 and MDRI1 genes has been carried out by me-
thod of polymerase chain reaction. A product of DNA
amplification fragments of CYP2C19, CYP2D6 and
MDRI genes subject to hydrolytic cleavage by Smal,
BstNI (Mval) and Mbol («Fermentas», Lithuania) en-
donucleases of restriction, correspondently. Detection
of allele-specific amplification and restriction fragment
length polymorphism products has been carried out by
method of horizontal electrophoresis in 2% (2.5% for
CYP2C9) agarose gel, which contained ethidium bro-
mide. Visualization of results has been carried out in ul-
traviolet light with the help of automatic Vi-Tran system
in transilluminator «Biocom» (RF). Lengths of ampli-
fication and restriction fragments have been analyzed
by comparison with marker DNA.

Statistical processing of obtained results has been
carried out with use of application program package
Statistica 10.0 («StatSoft Inc.», USA) and MS Excel.
For comparison of genotype frequency distribution and
their compounds in study groups has been used Pearson’s
chi-squared test (3%). When the volume of sampling did
not exceed 10 cases, has been used Yates’ correction for
continuity. Odds ratio (OR) with 95% confidence inter-
val (CI) has been used for evaluation of relative risk of
disease development for each genotype and their com-
binations. Analysis of gene-gene interactions has been
carried out with the help of Multifactor Dimensional-
ity Reduction (MDR) bioinformatic method proposed
by M.D. Ritchie and co-authors [13] with the aim of
modeling genome interactions of high order, which are
impossible to evaluate with the help of parametric me-
thods that are traditionally used in genetic epidemiolo-
gy. In all types of analysis, values p < 0.05 were consi-
dered significant.

RESULTS AND DISCUSSION

During our research the genotyping by studied
polymorphic variants of CYP2D6, CYP2C19, CYP2C9
and MDRI genes in the main and control group
of women has been carried out. Obtained genotypes
frequency for BC patients and women of control group
has been compared with use of statistical methods. Re-
sults of analysis has showed that frequency of genotype
1934AA by polymorphic variant G1934A of CYP2D6
gene is significantly higher in group of BC patients
compared with control group (Table 1) that signifi-
cantly increases of BC risk and does not contradict
data obtained by us earlier [11].
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At the same time, genotype 1934GG of gene CYP2D6
decreases this risk almost two times, i.e. has protective
effect. Also it has been determined that genotype 681GG
of gene CYP2C19significantly more often is found in wo-
men with BC compared with control group. For the rest
of polymorphic variants of studied genes has not been
detected statistically significant difference in distribution
of genotypes frequency in compared groups (p > 0.05).

Associations, detected by us allowed to explain the ge-
netic component of BC development in women, and
since significant distinctions have been determined not
for all studied genes, we have decided to analyze com-
binations of genotypes by studied polymorphic variants.
At first we analyzed paired genotypes combinations of
CYP2D6 gene with polymorphic variants of CYP2C9,
CYP2C19 and MDRI genes in compared groups. Total-
ly in analysis have been included 36 possible paired com-
binations. The detected significant distinctions between
compared groups are represented in Table 2.

As show the results of comparison of paired geno-
types combinations of CYP2D6 gene with other studied
genes, risk of BC compared with control has 8 times
increased at such genotypes combination as CYP2D6
(1934AA)/CYP2C19 (681GG), while the risk of BC
was 5 times decrease (protective effect) for 1934GG
genotype of CYP2D6 gene in combination with hete-
rozygous genotype by polymorphic variant G681A of
CYP2C19 gene.

Analyzing genotypes frequency of paired com-
pounds, we made certain that generated combination
1934AA(CYP2D6)/430CC (CYP2C9) does not change
risk of BC if to be compared with data in Table 1 for
genotype 1934AA of CYP2D6 gene (OR = 7.28 in both
cases). Also modifying influence of 1075AA genotype of
CYP2C9gene on the risk of BC development at interac-
tion with 1934GG and 1934AA genotypes of CYP2D6
gene was noticed, that caused the decrease (OR = 0.46)
and increase (OR = 7.98) of risk correspondently. The
significant increase of 1934AA/3435CT combination

genotypes frequency in group of women with BC in
contrast to the control has been determined. OR in-
dex for this compound has constituted 18.98, but had
wide limits 95% CI that can be explained by small vo-
lume of sampling.

Next we have analyzed combinations of 3 genotypes
by studied polymorphic variants of CYP2C9, CYP2C19
and MDRI genes with polymorphic variant G1934A of
CYP2D6 gene. Totally have been studied 243 combina-
tions of genotypes, significant differences in frequency
of their distribution in compared groups have been de-
termined for combinations of genotypes represented in
Table 3.

Analyzing data of Tables 1—3, we have determined
that protective effect of genotypes combination 1934GG
(CYP2D6)/681GA (CYP2C19) insignificantly increa-
ses at annexation by 1075AA genotype of CYP2C9 gene
(OR = 0.18) and decreases in combination with 430CC
genotype of CYP2C9gene (OR = 0.28). Also it has been
noticed that 1934AA variant of CYP2D6 gene in combi-
nation with other genotypes of studied genes influences
the significant increase of BC risk in women.

Analysis of genotypes combination with polymor-
phic variant G 1934A of CYP2D6 gene with other studied
genes (4 genotypes) have been studied 324 combinations.
Obtained significant differences in compared groups are
represented in Table 4. For combinations of 4 genotypes
is also confirmed protective effect for 1934GG genotype
of CYP2D6 gene, but only in one combination (2D6(193
4GG)/2CIN681GA)/2C9*2430CC)/2C9*3(1075AA)),
that is associated with almost 5 times decrease risk of BC
development.

Frequency of genotype combinations 1934AA of
CYP2D6 gene with genotypes by polymorphic variants
of CYP2C9and CYP2C19genes prevailed among BC pa-
tients that 9.5 times increased risk of BC development.
Combinations, which included heterozygous genotype
with polymorphic variant C3435T of gene MDR1, also
caused the risk increase, but these data were not taken

Table 1
Significant differences in distribution of genotypes frequency by studied polymorphic variants in compared groups
Genotyps (gosie) BC Control Results of statistical analysis
n % n % ) OR 95% CI p
1934GG (CYP2D6) 33 49.25 196 65.33 6.04 0.52 0.3-0.88 0.01
1934AA (CYP2D6) 6 8.96 4 1.33 9.3 7.28 1.99-26.57 0.002
681GG (CYP2C19) 56 83.58 215 71.67 4,17 2.01 1.01-4.03 0.04
Table 2
Significant differences in distribution of paired genotypes combinations frequency of CYP2D6 gene
with other studied polymorphic variants in compared groups
Genitynes combination BC Control Results of statistical analysis
P n | % n | % ¥ | OR | 95%CI | P
CYP2D6/CYP2C19
1934GG/681GA 3 4.48 47 15.67 7.59 0.2 0.06-0.65 0.001
1934AA/681GG 5 7.46 3 1.00 7.91 7.98 1.86—34.28 0.006
CYP2D6/CYP2C9*2
1934AA/430CC 6 | 89 | 4 | 133 | 93 | 728 | 1.99-26.57 | 0.003
CYP2D6/CYP2C9*3
1934GG/1075AA 25 37.31 169 56.33 7.95 0.46 0.27-0.8 0.006
1934AA/1075AA 5 7.46 3 1.00 7.9 7.98 1.86-34.28 0.006
CYP2D6/MDR1
1934AA/3435CT | 4 | 597 | 1 | 03 [ 9.09 [ 1898 | 2.09-172.72 | 0.004
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Table 3

Significant differences in distribution of three genotypes combination frequency by polymorphic variants

of CYP2D6, CYP2C9, CYP2C19 and MDR1 genes in compared groups

Genotypes combination

BC

Control

Results of statistical analysis

%

%

X2

p

OR

95% CI

2D6 (1934AA) /
2C19 (681GG) /
MDR1 (3435CT)

4.48

0.33

5.3

0.02

14.02

1.43-136.92

2D6 (1934AA) /
2C19 (681GG) /
209 (1075AA)

5.97

0.67

6.57

0.01

9.46

1.7-52.78

2D6 (1934GG) /
2C19 (681GA) /
2C9 (1075AA)

2.99

43

14.33

5.54

0.007

0.18

0.04-0.78

2D6 (1934AA) /
MDR1 (3435CT) /
2C9 (430CC)

5.97

0.33

9.09

0.004

18.98

2.09-172.72

2D6 (1934GG) /
29 (430CC) /
29 (1075AA)

21

31.34

14

47,00

5.44

0.002

0.51

0.29-0.9

2D6 (1934AA) /
2C9(430CC) /
2C9 (1075AA)

1.46

0.33

13.16

0.0009

2.77-210.00

2D6 (1934GA) /
2C19 (681GG) /
209 (430CC)

20

29.85

53

17.67

5.1

0.03

1.98

1.09-3.62

2D6 (1934AA) /
2C19 (681GG) /
2C9 (430CC)

146

1.00

7.91

0.006

7.98

1.86-34.28

2D6 (1934GG) /
2C19 (681GA) /
209 (430CC)

4.48

43

14.33

0.02

0.28

0.08-0.93

2D6 (1934AA) /
MDR1 (3435CT) /
209 (1075AA)

5.97

0.33

9.09

0.004

18.98

2.09-172.72

Significant differences in 4 genotypes combinations frequency of CYP2D6 gene
with studied genes in compared groups

Table 4

Genotypes combination

BC

Control

Results of statistical analysis

%

%

X2

OR

Cl

2D6 (1934GG) /
2C19 (681GA) /
2C9*2 (430CC) /
209*3 (1075AA)

2.99

39

13.00

4.57

0.01

0.21

0.05-0.87

2D6 (1934GA) /
2C19 (681AA) /
2C9*2 (430CC) /
209”3 (1075A4)

17

25.37

42

14.00

5.45

0.02

2.09

1.1-3.96

2D6 (1934AA) /
2C19 (681AA) /
2C9*2 (430CC) /
2C9*3 (1075AA)

5.97

0.67

6.57

0.01

9.46

1.7-52.78

2D6 (1934AA) /
2C19 (681AA) /
2C9*2 (430CC) /
MDR1 (3435CT)

4.48

0.33

5.3

0.02

14.02

1.43-136.92

2D6 (1934AA) /
2C19 (681AA) /
2C9*3 (1075AA) /
MDR1 (3435CT)

4.48

0.33

5.3

0.02

14.02

1.43-136.92

2D6 (1934AA) /
2C9*2 (430CC) /
2C9*3 (1075AA) /
MDR1 (3435CT)

5.97

0.33

9.09

0.004

18.98

2.09-172.72

into consideration, since they have to be verified on

the larger groups of study.

At analysis of genotypes combinations, which con-
tained 1934AA genotype of CYP2D6 gene, has been con-
firmed their involvement in increase risk of BC deve-
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of level of significance.

lopment, but has been determined significant decrease

Analyzing genotypes combination of all studied
polymorphic variants (243 combinations in 5% geno-
types), we have determined significant increase risk of
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BC development only for one genotypes combination —
1934AA (2D6) / 3435CT (MDRI) / 681GG (2C19)
/ 430CC (2C9) / 1075AA (2C9) (x*= 5.3, p = 0.02,
OR = 14.02 (95% CI 1.43—136.92). These results are
the evidence that the main role in formation risk of BC
development in women belongs to exactly 1934AA geno-
type of CYP2D6 gene.

Next stage of study was carrying out modeling of in-
teraction between studied genes in compared groups. For
this purpose has been used MDR method, which allowed
to conduct simultaneous analysis of many genes poly-
morphic variants, choosing such combinations, which
have pathogenetic significance in development of disease.

Forevaluation of interaction between genes polymor-
phic variants by MDR method has been used algorithm
of exhaustive search, which evaluates all possible com-
binations of studied DNA-markers concerning the risk
of BC development.

Testing balancing accuracy was highest (58.04%) for
model, which included one gene — CYP2D6 that con-
firms significance involvement of this gene in forma-
tion risk of BC development in women with burdened
heredity, which was obtained with use of other statisti-
cal analysis methods, One more model of gene-gene in-
teraction at BC development in women compared with
control group has demonstrated 100% cross-validation
consistency. It was five-locus model of gene-gene inte-
raction CYP2D6 (G1934A) / MDR1(C3435T) / CYP2C9
(C430T)/ CYP2C9(A1075C) /CYP2C19(G681A), which
is characterized by accuracy of prediction 54.35%, but
did not stand the permutation test and that is why it’s not
statistically significant.

With the help of MDR program for study groups
has been built dendrogram, which reflects the pattern
of gene-gene interaction of BC development in women

(Figure).

056%

2C9"3
0,34%

2064

0,28%| 237%

0,77%,

1.72%)
2092
023%

MDR-1
0,61%

Figure, Dendrogram of gene-gene interactions at BC (blue and
green colors are used for indication of antagonism between loci,
brown — independence of particular loci effects)

Analyzing graphic presentation, we have deter-
mined that the most part of entropy at BC develop-
ment in women was connect with polymotphic variant
G1934A of CYP2D6 gene and constitutes 2.37%, that
finally confirms the role of exactly CYP2D6 gene
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among other xenobiotics detoxification system genes
in formation risk of BC development in women.
Thus, basing on the results of our study, we may
state that CYP2D6 and CYP2C 19genes are involved in
formation of BC development risk in women. Signi-
ficance of these genes may be caused by participation
of their products in metabolic transformation in wo-
man’s organism of both endogenous estradiol and wide
spectrum of xenobiotics, including carcinogens [10].

CONCLUSION

1. 1934AA genotype by polymorphic variant
G1934A of CYP2D6 gene makes significant contribu-
tion to formation of BC risk, and this risk significantly
increases in case of combination of this genotype with
genotypes of other genes, which code enzymes of xe-
nobiotics detoxification.

2. «Wild type» genotype (1934GG}) by polymorphic
variant G1934A of CYP2D6 gene demonstrates appa-
rent protective effect concerning of BC risk in women.
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BHECOK EHIB CUCTEMMW OETOKCUKALIT
KCEHOBIOTUKIB Y ®OPMYBAHHSA
PU3UKY PO3BUTKY PAKY MOJIOYHOI
3AJTO3U Y XKIHOK

H.M. Jleéxosuu, H.I. Ioposenxo

Pestome. Pax monounoi 3an03u (PM3) — ye myromu-
ghakmopre 3ax60pPHOGAHHSA, GUHUKHEHHS AK020 PO3-
2n80aromo AK pe3yabmam 63aemMo0il HUKU YUHHUKIG,
y momy yucai ii eenemuynux. Ilonimopghiam eenia, axi
Kodyromb ghepmenmu cucmemu 0emokcukayii KceHo-
Giomukis, nos’azyromo i3 ni0BUU{EHUM DUSUKOM DO3-
eumky pady 3axeopioeéaHs, 30kpema PM3. Mema:
oyinumu eHecok nonimopgrux eapianmie (G1934A,
G681A, C430T, A1075C ma C3435T) eenie CYP2DG6,
CYP2C19, CYP2C9 ma MDR1y chopmysarns pusuxy
poseumxy PM3 y xcinok. O6’exm i memoou: y docai-
OXCeHHS BKAIOMEHO 67 nayicHmok i3 2icmoaoziuto nio-
meepodxcerum diaznozom PM3 1 i II cmadii, wo manu
obmsxceHy cnadkogicms. KoumpoasHa epyna 6yna
npedcmaenena xcinkamu 6e3 oHK0A02I4HOI namonoeii
3 Heobmsaxcernolo cnadkosicmio (n = 300). I'enomuny-
eannsa 3a nosimoprumu sapianmamu C430T, A1075C,
G6814, G1934A i C3435T eenie CYP2CY, CYP2C19,
CYP2D6 ma MDR I npogodunu memodom nosimepasHoi
NQHYI02080i peaKyii/noaimoppiamy 006iCUH pecmpux -

yitinux gppazmenmis. Pesyabmamu: euseneHo, uio ze-
Homun 1934AA 3a noaimopghrum eapianmom G1934A
2ena CYP2DG6 3ymoentoe eazomuti 6Hecok y hopmyean-
HA pusuxy pozsumky PM3, a 6 cnoayvenni 3 eenomu-
namu iHwux 2eHis, axi Kooyromo hepmenmu demox-
cuxayii kcenobiomukie, yeii pusux docmoeipHo nio-
suugyemoca. «uxuii mun» (1934GG) 3a nosimoprum
eapiaumom G1934A eena CYP2D6 nposeasnc supaxce-
HUli npomexmueHuli egheKm CIMoCoOBHO PU3UKY BUHUK -
Henna PM3y xcinok. Bucnosok: y pesyremami docai-
OXHCeHHS ROKA3AHO, W0 2eHOMUNU 3a 00CAIONCYBaAHUMU
noaimopgrumu eapianmamu 2eHie cucmemu 0emoKcu-
Kayii kceHobiomukie y pisHux KoMOIHAYIAX enauearoms
Ha niosuwenns pusuxy pozsumxy PM3 y xcinok 3 06-
MSNCEHOI0 CNAOKO0BICMIO.

Kmo90Bi clioBa: pak MOJIOYHOI 321031,
TIOJiMOp(}i3M reHiB, KCEHODIOTHKMN.
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