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The objective: determining gene polymorphism features ERS1,
CYP2D6 in patients with breast cancer (RHZ) and endometrial
cancer (EC) and the impact assessment studied genetic charac-
teristics compared to receptor sta; tus (immunohistochemical
determination of expression levels of ER, PR) tumors and the
results of the treatment.

Patients and methods. Article presents the results of complex
clinical, morphological, clinical-genealogical, and molecular-
genetic examination of 28 females: 19 patients with breast can-
cer (BC), 9 patients with endometrial cancer (EC), including 5
patients with primary-multiple tumors (PMT) with and without
tumor pathology aggregation in families.

Results. The It was determined that in patients’ families malig-
nant tumors of breast, uterine body and/or ovaries prevail that
corresponds to Lynch type II syndrome (family cancer syn-
drome). Molecular-genetic examination of genomic DNA of
peripheral blood and histological sections for the presence of
SNPs of ESR and CYP2D6%4 genes comparing with the results of
immunohistochemical study of tumors for receptors ER and PR
status have not found associations between these characteris-
tics; although among EC patients the occurrence of genotypes
397TT and 3571AA was significantly higher comparing with BC
patients (55,55% and 10,5% for genotype 397TT,and 15.8% for
genotype 351AA, respectively). At the same time the patients
with BC and primary-multiple tumors (PMT) of female repro-
ductive system organs (FRSO) that carried mutations in BRCA1
in all the cases demonstrated positive ER and PR receptor sta-
tus and adverse combinations of polymorphous variants of the
genes ESR1 (397CC, 397TC) and CYP2DG6*4 (1846G, 1846GA),
suggesting combined effect of these factors on the development
of malignant neoplasias of FRSO in families with positive family
cancer history. In BC patients, receiving standard hormone ther-
apy with tamoxifen, those, who had genotype 71846GG of the
gene CYP2DG6*4, in 3 patients (15,8%) of 19 (100%) patients
disease recurrence was diagnosed.

Conclusion. The obtained results allow clinical use of the assess-
ment of polymorphism frequency of the genes ESR71 and
CYP2DG6%*4 for selection of individual hormone therapy regimens
schemes for BC patients, to increase efficacy of dispensary obser-
vation after finishing of special therapy for such patients, and also
personalization of complex and combined treatment regimens.
Key words: breast cancer, endometrial cancer, family cancer syn-
drome, single nucleotide polymorphisms (SNPs) of the genes ESR1,
CYP2D6*4.

Modern stage of oncology development is marked by improve-
ment of traditional ways of prevention and diagnostics for
malignant tumors of various geneses. Increased incidence of cancer
of breast, ovaries, uterine body and other organs brings to the fore-
front novel methods of cancer early diagnostics and prevention that
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can be based on molecular biology achievements. Therefore, med-
ical-genetic counseling and genetic testing of patients with malig-
nant processes get increasingly growing widespread.

The first stage during medical-genetic counseling is an exami-
nation of cancer family history by clinical genealogical investigation
of proband’s (the person, who's family tree is observed) family his-
tory and determination of number of patients with cancer of differ-
ent localizations in several generations of a family. The second stage
— is testing of proband and family members for occurrence of muta-
tions of genes-suppressors of tumor growth, namely BRCA7 and
BRCA2, and also for polymorphism of estrogen receptor gene ERST.
Determination of such genetic alterations is an evidence of genetic
component existence in tumor disease [1-4].

According to recent research data, the family of cytochrome
oxidases CYP has important role in the processes of neutralization
of the majority of exogenous detrimental compounds, endogenous
metabolites, and drugs. Activity of CYP enzymes that implement
the first step of detoxification depends on structure of their coding
genes. In separate cases at high activity of the enzymes of first
detoxification step and low activity of enzymes of second detoxifi-
cation step the increase of harmful effect on organism is observed
due to the growth of cellular toxicity of intermediate compounds
and their insufficient clearance from organism. Apart of this,
because of indicated properties, metabolic processes of drugs trans-
formation have different targeting and they influence on treatment
efficiency and the risk of toxic effects development.

It is recognized that the enzyme CYP2D6 on cellular level is
involved in transformation of almost 90% of detrimental com-
pounds, endogeneous metabolites and drugs; and features and rate
of metabolic transformations determine both the risk of oncologic
diseases development and peculiarities of response to treatment or
susceptibility to cytostatic therapy. Formation of patients’ pheno-
type of increased susceptibility to detrimental factors action and
adverse effects in drugs administration is associated with inherited
alteration in gene structure. Allele variant of the gene CYP2D6*4 is
presented by single nucleotide variation G1846A in gene sequence;
in its occurrence the enzyme with reduced or missing catalytic
activity is produced. In one Ukrainian study it was demonstrated
that indicated polymorphous variant of the gene modified the risk
of the development of benign pathology and cancer of female repro-
ductive system organs (FRSO) [5].

Most of published works to date have examined the mecha-
nisms of reduction of tamoxifen sensitivity in the presence of certain
allele variants of the gene CYP2D6. The enzyme CYP2D6 was found
necessary for tamoxifen transformation into intermediate active
metabolite endoxifen, possessing therapeutic anti-estrogen activity,
and genetic variants influence on rate and efficacy of active metabo-
lite generation and response to treatment.

During preliminary analysis of family cases of malignant and
benign pathology in females of Cherkassy region we determined the
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growth of risk for tumors development depending on presence in
patients of polymorphous variants of the gene ESR7 that have an
effect on reduction of receptors sensitivity and hyperestrogenemia
development [4, 5]. The assessment of combined effect of estrogen
receptors status and environmental pro-cancerogens, activating in
the first detoxification step, on neoplasias risk and their course and
also on treatment results have not been studied yet. Therefore,
according to different authors’ data, complex analysis, considering
tumors histological properties, is required [6—12].

The objective: of this work was determination of peculiarities
of polymorphism of the genes ERS7, CYP2D6 in patients with can-
cer of breast and uterine body, and also assessment of the effect of
examined genetic peculiarities, comparing with receptor status
(immunohistochemical determination of expression level for ER,
PR) of tumors and results of received treatment.

PATIENTS AND METHODS

Over the last five years we are providing clinical, clinical-
genealogical and molecular-genetic studies in patients with malig-
nant tumors of female reproductive system organs (FRSO). For this
purpose we use questionnaire method to obtain clinical-genealogi-
cal data; primary patients with BC and UBC filled the question-
naire, developed by us, and then they received complete medical-
genetic counseling by oncogynecologist. After clinical-genealogical
analysis of family trees the presence or absence of family cancer syn-
drome FCS) was determined. Molecular-genetic methods included
identification of polymorphous variants 7-397C, A-351G of the
gene ERS7 and of the gene CYP2D6*4(G1846A) in peripheral
blood and surgical material by multiplex polymerase chain reaction
(PCR). Molecular-genetic study was provided in SE «Reference
centre for molecular diagnostics of the Ministry of Public Health of
Ukraine».

The study involved 28/100% patients with FRSO cancer:
19/67.9% with malignant tumors of breast and 9/32,1% patients
with endometrial cancer, including 5 females in whom synchronous
or metachronous primary-multiple tumors (PMT) of FRSO were
diagnosed: two patients with bilateral breast cancer (BC) and
metachronous ovarian cancer (OC) in 2 and 3 years, respectively;
one patient with BC and OC which developed also metachronous-
ly in 2 years; one patient with BC with metachronous OC in 7 years;
one patient with BC, which developed metachronously in 3 years
after treatment for thyroid cancer. All examined females had
Ukrainian nationality.

All probands received complete physical examination according
to examination standards, adopted in Ukraine. During interview
with proband and during filling the questionnaire we paid attention
to the following data: number of relatives of I-IIT degree of kinship,
suffering with cancer, their family relation to proband. Clinical-
genealogical analysis was provided according to Amsterdam criteria
TI (three or more relatives with Lynch-associated tumors — colorec-
tal cancer, cancer of breast, uterus, ovaries, stomach and others, at
that one of oncologic patients should have I degree of kinship with
other relatives, and malignant cancers — at least in two genera-
tions). In the majority of female patients from the study group both
in BC (68,4%), and in EC (55,5%) family cancer syndrome (FCS)
of Lynch I type was determined after family tree analysis (Tabl. 1).
All patients with BC and EC that underwent clinical-genealogical
examination received medical care, including surgical, complex or
combined treatment for cancer according to treatment standards in
Ukraine in the CE «Cherkassy Regional Oncologic Dispensary» of
Cherkassy Regional Council. Tumor process stage in patients with
cancer was assessed according to FIGO classification, tumors veri-
fication was performed by morphologist. In surgical materials of
tumors of all patients with BC and EC immunohistochemical stud-
ies were performed for detection of ER and PR expression levels. All
the probands gave their written consent for use of results of the
study of their biological material for scientific research results.

Molecular-genetic study of polymorphous variants of the genes
ESR (A-351G, T-397C) and CYP2D6*4 (G1846A) was performed
in peripheral blood samples of 28 patients with BC (n=19) and EC
(n=9). Peripheral blood collection was provided into 2,5 ml sterile
tubes of closed system «Monovette» with ethylenediamine tetraac-
etate (EDTA) manufactured by the company <«Sarstedt». Sterile
tubes with collected material were stored at -20 ¢C (not more than
1 month) in refrigerating chambers before transportation to State
Establishment «Reference Centre for Molecular Diagnostics of the
MPH of Ukraine» (Kyiv). Samples transportation was performed
in frozen state in cold containers. For DNA isolation from peripher-
al blood commercial kit “DNA-sorb-B” was applied (according to
manufacturer’s instruction). Determination of studied genes poly-
morphism was provided using polymerase chain reaction (PCR)
with reagents of the company Thermo Scientific, for PCR perform-
ance modified protocol with appropriate primers was applied. The
state of obtained amplification fragment was analyzed with elec-
trophoresis in 2% agarose gel. Amplicons were subjected to
hydrolytic degradation by restriction endonucleases, obtained frag-

Table 1

Distribution and characteristics of FRSO malignant tumors in examined female patients (n=28)

Number of female
patients examined

Malignant pathology

Without tumor
pathology aggregation

Family cancer syndrome
(FCS) presence according

n=28 (100%)

to family trees analysis in family trees

Breast cancer, n=19 (100%) 19 (67,8) 13 (68,4) 6(31,6)

Endometrial cancer, n=9 (100%) 9(32,2) 5 (55,5) 4 (45,5)
Primary-multiple tumors (combination of )

FRSO malignant tumors), n=5 (100%) *5(17.9) 5(100)

Table 2

Distribution of probands (patients with BC and EC) by age and age median

Female patients examined

Age (years)

41-50 51-60
BC patients, n=19 (%) 1(5,3) 4(21,1) 11 (57,8) 3(15,8) - -
Median 44
Average age, years 44,6
EC patients n=9 (%) - | 101 1(11,1) | 2(222) | 5(555 | -
Median 56
Average age, years 57,2
Totally, n=28 (100%) of patients 1(3,5) | 5(17,9) 12 (42,8) | 5(17,9) | 5(17,9) | -
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Reproductive-menstrual status of examined patients with breast cancer and endometrial cancer

Characteristics

Patients with FRSO cancer, n=28 (100%)

Table 3

Before age of 12 9(32,1)
Onset of menarche 12-15 years 28 (100) 17 (60,7)
Older than 15 years 2(7,1)
0 28 (100) 7(25
Number of deliveries 1-2 deliveries (21 patient 17 (60,7)
More than 3 had deliveries) 4(14,3)
0 20 (71,4)
Number of abortions 1-2 28 (100) 1(3,6)
More than 3 7 (25)
0 26 (92,9)
Number of miscarriages 1-2 28 2(7,1)
More than 3 -
Was absent
. up to 6 months -
Lactation 28 (100)
6-12 months 21 (75)
>1year -
Up to 3 days -
Number of menstrual days 4-6 days 19 (100) 17 (89,5)
7 days and more 2(10,5)
Regular (24-32 days) 28 (100)
Menstrual duration 28 (100)
Irregular (more than 2 days) -
Up to 5 years 3(33,3)
Menopause duration 5-10 years 9(100) 1(11,1)
more than 10 years 5 (55,6)
Were absent -
FRSO surgeries in anamnesis In uterine appendages - -
In breasts -
At prophylactic examination 9 (UBC after US examination 9(32,2)
Tumor diagnostics Self-reported 19 (BC) 19 (67,8)
By oncologist B -

ments were analyzed with the method of restriction fragment
length polymorphism (RFLP). Restriction was carried out in
microthermostat at a temperature 37 °C for 12 hours.

Restriction of polymorphous variants of ESR7 gene was termi-
nated by heating at a temperature of 65 °C for 20 minutes. The
obtained fragments were analyzed with electrophoresis in 2%
agarose gel with addition of ethidium bromide and further visuali-
zation by computer system Vitran.

For determination of polymorphous variants of the gene
CYP2D6*4 (G1846A) modified protocols with oligonucleotide
primers using PCR (polymerase chain reaction) and further analy-
sis of restriction fragment length polymorphism (RFLP) was
applied. Specific fragments of the gene CYP2D6*4 (G1846A) were
amplified using commercial kit DreamTaqGreen PCR MasterMix
(of the company «ThermoScientific», USA) in accordance to the
conditions of the reaction.

The tubes with prepared amplification mixture were placed into
thermocycler «FlexCyclerBU» (Analytic Jena, Germany) to ensure
proper temperature regimen of polymerase chain reaction.

Restriction was provided in microthermostate at 37 °C for 12
hours. Amplified fragments state was analyzed in 3% agarose gel
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(agasose of the company «ThermoScientific», USA), with addition
of ethidium bromide, molecular weight marker GeneRuler 50
bpDNALadder («ThermoScientific», USA), following with visual-
ization by computer system Vitran. The obtained results were visu-
alized in transilluminator.

Statistical processing was carried out with programs MS Excel
2010 and Statistica 10. To analyze the differences of obtained numer-
ical indices variation statistics methods were used, and for genotypes
frequency — Pearson’s criterion u? was applied, for less then ten sam-
ples Yate’s correction was applied and odds ratio (OR) was calculat-
ed with confidence interval (95% confidence interval, CI).

RESULTS AND THEIR DISCUSSION

Among the total number of examined females (n=28/100%)
the largest was the number of patients with BC (n=19,/67,8%),
EC (n=9/32,2%); among these patients in 5 cases metachronous
or synchronous PMT were found (n=5/17,9%), these data are
presented in the Tabl. 1. The age of the patients with FRSO from
families with positive cancer history and without tumor patholo-
gy aggregation in their family trees (Tabl. 1) ranged in similar
margins — from 29 to 72 years (Tabl. 2). The values of average age
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Table 4

Malignant tumors incidence in probands' relatives, suffering from cancer, according to family trees data

Data of oncogenetic counseling and clinical-

genealogical analysis of family trees

Patients with FRSO cancer (n=28/100%), of them in 11/39,3% FCSs were deter-
mined (47/100% relatives, suffering from cancer in family trees of 28 probands)

| degree of kinship

Maternal lineage
(those who had 2

Suffered from cancer 11 (23,4%)

and more relatives) Paternal lineage

Suffered from cancer 8 (17,0%)

Il degree of kinship

! Maternal lineage
(2 and more relatives,

Suffered from cancer 19 (40,4%)

upto6) Paternal lineage

Suffered from cancer 9 (19,2%)

and median for decade had significant differences in the groups of
examined females with BC and EC: breast cancer developed in
patients, on average, 10 years earlier than uterine body cancer
(p?0,05).

Reproductive-menstrual status of examined females with
FRSO cancer is presented in the Tabl. 3; according to obstetric
anamnesis data no statistically significant differences were deter-
mined between groups of patients with BC and EC, therefore in
the table they are presented together.

As the table demonstrates, in patients with BC and EC
menarche more frequently was observed in the age 12—15 years,
also the majority of females (more than 70%) did not have abor-
tions and miscarriages in anamnesis, and the number of deliveries
were in a range 1-2 per lifespan. 75% of females had deliveries,
apart from this, lactation duration was in a range 6—12 months,
and menstrual cycle in all female patients examined was regular;
all of them did not have surgeries in appendages and breasts in the
past. The majority of BC patients detected tumors by themselves;
further these tumors were verified during oncologist’s examina-
tion. Talking about EC, all of them were detected at gynecolo-
gist’s prophylactic examination followed with evaluation in small
pelvis US examination with vaginal probe that further led to diag-
nostic curettage and endometrial cancer verification. The above
dictates the need and importance of health communication among
population concerning timely cancer detection to increase aware-
ness of females, having relatives with cancer in their families. The
above dictates the need for clinical-genealogical analysis of family
trees at primary examination of patients by family doctor, gyne-
cologist or other specialists.

The analysis of clinical-genealogical data in 28 family trees of
patients with BC (n=19) and UBC (n=9) has revealed malignant
pathology aggregation, in particular, 47 (100%) cancer cases in
families, among them FRSO malignant tumors dominated: EC —
8 (17%), BC — 9 (19,1%), OC - 2 (4,3%) and also there were
14 (29,8%) cases of cancer of gastro-intestinal tract (GIT) organs
— colorectal cancer, stomach cancer, pancreatic cancer and other
tumors localizations (cervical cancer, lung cancer, laryngeal can-
cer and others). Incidence of FRSO cancer, hormone-dependent
tumors was rather high and comprised 33 (70,2%).

Resulting from clinical-genealogical analysis of family trees of
28 (100%) patients with BC and EC (aged from 29 to 72 years) in
18 (64,3%) cases where there were 2—6 relatives of I-1I degree on
kinship, suffering from cancer (Lynch IT syndrome), probands’ rel-
atives on the maternal lineage more often suffered from cancer
(30/63,8%), than the relatives on paternal lineage (17,/36,2%)
that is addressed in the Tabl. 4. During family tree analysis
(Tabl. 1) statistically reliable increase of the incidence of family
cancer syndrome in BC patients comparing with EC patients
(68,4% and 55,5%, respectively) was discoverd.

All primary patients with BC and EC who received medical-
genetic counseling, regardless of the presence or absence of malig-
nant tumors aggregation in their family trees, were provided with
molecular-genetic study of histological material of excised tumors
or peripheral blood for detection of mutations in the genes BRCA7
(185delAG, 5382insC) and BRCA2 (6174delT), which results were
described in details in previous publication [3], polymorphism of
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ESR1 A-351G

Fig. 1. Electrophoregram of restriction analysis of products of
ESR1 (A-351G) gene fragment.

Samples: 1, 8, 10 - genotype AG; 2, 4, 6, 7, 9 - genotype AA; 3, 5 - genotype
GG; 11 - molecular weight marker

ESR1 T-397C

Fig. 2. Electrophoregram of restriction analysis of products

of ESR1 (T-397C) gene fragment.

Samples: 1, 3, 4, 6, 9 - genotype TC; 2 - genotype CC; 5, 7, 8, 10 - genotype
TT; 11 - molecular weight marker

CYP2ID6*4 G1846A

1 12 13 14 15 15

4 5 ¢ 89 40

Fig. 3. Electrophoregram of restriction analysis of polymorphism
of CYP2D6*4G1846A.

Samples: 1, 5, 8, 10, 13 - genotype GA, samples 2, 3,6, 7,9, 11, 12, 14, 15
- genotype GG, sample 4 - genotype AA, 16 - molecular weight marker

the genes ESR1 (A-351G, T-397C) and CYP2D6*4(G1846A).

Molecular-biological study of polymorphisms of the gene
ESR1 (A-351G, T-397C) comprised the detection of restriction
analysis products of fragment of the gene ESR7 in BC and EC
tumors, which results are presented in the Figs. 1 and 2.

According to the results of histological and immunohisto-
chemical examination of the material of excised tumors it was
found that in BC G2-3 differentiation grade (moderately and low-
differentiated tumors) was observed more frequently, in particu-
lar, in 15 (78,9%) of 19 (100%) patients with breast cancer, and in
EC — G1 (high-differentiated tumors) in 6 (75%) of 8 (100%)
patients with uterine body cancer. Provided molecular-genetic
testing for mutations in the genes BRCA1,2 in examined patients
has not revealed in any case mutations in the gene BRCA2, but in
5 patients, notably with BC and with FCS according to family
trees data, the same mutation was determined — 5382insC in the
gene BRCAT (Tabl. 5).

Molecular-genetic study of genomic DNA of peripheral blood
and histological tumor sections for SNP of the genes — ESR7,
CYP2D6*4y in general group of examined patients with BC and
EC did not revel associations with immunohistochemical status of
detected tumors. The genotypes for which at previous analysis we
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Table 5
Comparative analysis of differentiation grade data and receptor status of FRSO malignant tumors and the results of molecular-
genetic study in patients with BC and EC

Case number Diagnosis Grade G TE35:71C AE385|:1G BRCA1 BRCA2 g‘{%ﬁgi
107-1 BC+0OC 3 CcC GG +5382insC - GG 2+ 2+
101 BC 2 TC AG - - GA 2+ 2+
91- 1 bilateral BC+OC 2+2+2 TT AA - - GG 2+ 1+
83 BC 2 TC AG - - GG 2+ 2+
76 BC 2 TC AG +5382insC - GA 1+ 1+
70 BC 3 CcC AG - - GA 1+ 1+
68 BC 1 CcC AG - - GG 1+ 1+
64 BC 2 TC AG - - GA 2+ 3+
63 BC 3 TC AG +5382insC - GA 1+ 1+
60 -1l BC+thyroid cancer 2 CcC AG - - GG 1+ 1+
59 BC 3 TC AG - - GG 1+ 1+
54 BC bilateral+OC 2+2+2 T AA +5382insC - GA 2+ 2+
53 BC 2 TC AG - - GG 2+ 2+
42 BC 1 CcC GG - - GA - -
15 BC 1 TC AG - - GA 1+ 1+
27 BC 3 TC AG - - GG - -
24 BC 3 TC AG - - GG - -
23 BC 3 TC AA +5382insC - GA 1+ -
37 BC 1 TC AG - - GG 1+ 1+
*PMT (n=5)
106 EC 3 T AA - - GG 2 2+
96 EC 3 T AA - - GG 1+ 2
35 EC 1 T AA - - GG 2+ 2+
33 *BC+0OC 2+1 TC AG - - GG 1+ 2+
28 EC 2 T AA - - GG 2+ 2+
20 EC 1 TC AG - - GG 2+ 2+
16 EC 1 T AA - - GG 1+ 3+
13 EC 1 CcC GG - - GA 2+ 2+
7 EC 1 CcC GG - - GG 2+ 2+

*BC - 19, of them 5 PMT (2 with bilateral BC+OC, 1 with BC+0C, 1 with BC+EC, 1 patient with BC and thyroid cancer),*EC - 9 (1 of them is included in study of
both groups of patients, as this patien was diagnosed with PMT - EC+BC.

determined the relation with malignancies development, were
similarly distributed in patients with positive levels of ER and PR
expression. However, all EC patients had positive receptor status
of estrogen and progesterone receptors — 9 of 9/100%, and in BC
—in 16/84,2% patients of 19/100% positive status of two recep-
tors was found (10/52,6% cases of BC with molecular type lumi-
nal type A and 6/31,6% — with luminal type B), at the same time
in 3/15,8% patients triple negative molecular type of BC was
diagnosed (based on the data of expression levels of membrane
protein of epidermal growth factor receptor her2/neu, which is
associated with the negative prognosis of disease course).
Individually, her2/neu-positive molecular type of BC in examined
group was not detected.

Comparing distribution of genotypes of the gene ERS7 in
patients with BC and EC we determined that among patients
with uterine body cancer genotypes 397TT and 3571AA were more
frequent than in patients with breast cancer (55,55% and 10,5%
with genotype 39777 and 15,8% with genotype 357AA, respec-
tively) what is shown in the Tabl. 6.

At the same time in patients with BC and primary-multiple
tumors (PMT) of female reproductive system organs (FRSO)
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who were the carriers of the mutation in the gene BRCAT in all
cases positive receptor status in ER and PR, and also adverse com-
binations of polymorphous variants of the genes ESR1 (397CC,
397TC) and CYP2D6*4 (1846GA) was determined that suggests
combined effect of above factors on the development of FRSO
malignancies in families with cancer positive family history.

In BC patients, receiving standard hormone therapy with
tamoxifen (20 mg daily for 5 years after finishing of complex or
combined BC treatment) we determined combinations of geno-
types 1846 GA of the gene CYP2D6*4 and ESR1 (397 TC, 397CC;
351 AG, 351GG) in 3 (75%) of 4 (100%) of patients with disease
recurrences (in 2-3 years after special treatment). The patient
with combination of genotypes CYP2D6%4
(1846GA)/ESR1(397CC,351GG) died of recurrence. The
obtained results of clinical application of the assessment of poly-
morphism frequency of the genes ESR7, CYP2D6*4 can be used
for selection of individual regimen of chemotherapy treatment
(considering CYP2D6 role in drug metabolism, in particular, cyto-
statics) and hormone therapy (taking into account the data about
the absence of tamoxifen transformation into active substance in
human organism in the presence of adverse polymorphisms of the
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Table 6

Distribution of polymorphous variants of the genes ESR1 (A-351G, T-397C) and CYP2D6*4 (G1846A) in patients with BC and EC

Patients with FRSO cancer, n=28

BC (n=19/100%)

ESR1 (T-397C)

TT - 2/10,5%
TC - 12/63,2%
CC - 5/26,3%

ESR1 (A-351G)
AA - 3/15,8%

AG - 14/73,7%
GG - 2/10,5%

CYP2D6*4 (G1846A)
GG - 10/52,6%
GA - 9/47,4%
AA-0

EC (n=9/100%)

TT -5/55,5%
TC -2/22,2%
CC -2/22,2%

AA - 5/55,5%
AG - 2/22,2%
GG - 2/22,2%

GG - 8/88,9%
GA-1/11,1%
AA-0

gene CYP2D6*4) in BC patients to increase treatment efficiency
due to treatment personalization and improvement of patients’
total survival prognosis.

Therefore, under the same conditions and genetic predisposi-
tion, determined with several factors, female patients with the
genotype 397TT will be more frequently diagnosed with EC. As
shown in the Tabl. 5, 6, we discovered in histological sections from
four patients the mutation of the gene BRCA7 in patients with BC
and PMT with positive receptor status. In all these four patients
the adverse polymorphous variants of the genes ERS7 and CYP2D6
were found; and three patients had their combinations. The peculi-
arities were have discovered suggest combined effect of above men-
tioned factors on malignancies development in families with malig-
nant tumors aggregation and indicate the need for complex molec-
ular-genetic examination of such patients and their relatives.

Our results open the perspective of a novel strategy of further
studies of the problem of early diagnostics and prevention for
FRSO malignancies. It focuses not only on detection of families
with aggregation of malignant tumors in their family trees, but
also in determination of the carriers of mutations of genes-sup-
pressors BRCA1 and BRCA2, polymorphous variants of the genes
ESR7 and Cyp2D6*4 in families with FCS or in PMTs detection.
Establishment of clinical-genetic register of such persons within
certain regions of Ukraine to address issues concerning monitor-
ing of their health, prevention and pre-clinical diagnostics of
hereditary forms of FRSO cancer and other tumors within the
frame of family cancer syndrome is one of the actual tasks of clin-
ical oncology.

CONCLUSIONS
1. Clinical-genealogical family trees analysis of 28 (100%)
patients with BC and EC (aged from 29 to 72 years) determined
tumor association in 18 (64,3%) families of patients with BC and

Mo>XXNIMBOCTI KJTiHIY4HOr0 BUKOPUCTaHHSA TECTYBaHHSA
Ha noniMmopdHi BapiaHTn redie ESR1 ta CYP2D6*4
Y XBOPUX Ha paK rpyaHoi 3a503u Ta eHAOMETPIA
O.B. Maninyyk, J1.3. Moniwyk, 3.1. Poccoxa

Mema Oocnidscenns: BusHadeHHs ocobauBocTeil moaiMOpdiaMy
reuiB ERS1, CYP2D6 y xBopux Ha pax rpyzHoi 3asno3u (PI'3) i pak en-
nomerpist (PE) ta oliHioBanHs BIUIMBY BUBYEHHX T€HETHYHNX 0CO0O-
JIMBOCTEN y TIOPIBHSHHI 3 PELENTOPHUM cTaTycoM (iMyHoricToximiune
Bu3HaueHHs piBHiB ekcripecii ER, PR) myxuiun i pesysbratamu nmpose-
JICHOTO JIKYBaHHS.

Mamepiaau ma memoou. Byio 3iilicHeHO KOMIUIEKCHE KJiHiuHe,
MopdostoriuHe, KIiHIKO-TeHeaoridHe i MOJEKYISIPHO-TeHEeTHYHE 00-
crexxenns 28 xinox: 19 — xBopux Ha PI'3 1a 9 — xBopux na PE, y To-
MY 4HCT 5 XBOPHUX 13 epBUHHO-MHOKUHHUMHE myxinHamu (ITIMIT) 3
Ta 6e3 arperaitii yXJIMHHOI MATOJIOTIT y pOJANHAX.

Pe3synvmamu. Y CTaHOBIICHO, IO Y POAMHAX XBOPUX CIIOCTEPITAIOTHCS
BJOSKICHI MYXJUHU TIEPEBAKHO TPYAHOI 3aJ103H, Tijla MATKU Ta/abo
SIEUHIIKIB 1 TPAaBHOTO TPaKTYy, o Bianosinae cunapomy Jlimua II tumy
(cimeitHnii pakoBuii cuHAPOM). MoJIeKyJISIpHO-TeHeTHYHE JJ0CJIi/PKEeH-
us reromHoi /IHK nepudepiitnoi kpoBi Ta ricTosorivaux 3pisis myx-
sun Ha SNP reniB ESR1, CYP2D6*4 y nopiBHsHHI 3 pe3yJbTaTaMu
IMYHOTICTOXIMIYHOTO AOCTI/PKCHHS IIyXIMH Ha PELENTOPHUI cTaTyc
ER, PRy 3araibHiii rpyii o6cTe/KeHUX He BUSBUIIO acoIlialtiil Mis Hu-
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EC that corresponded to family cancer syndrome (Lynch 2 syn-
drome). At that, relatives on the maternal lineage more often suf-
fered from cancer (30/63,8%), than relatives on the paternal line-
age (17/36,2%).

2. Molecular-genetic examination of genomic DNA of periph-
eral blood and histological sections for the presence of SNPs of
ESR and CYP2D6*4 genes, comparing with the results of
immunohistochemical study of tumors for receptors ER and PR
status, did not find associations between these characteristics;
although among EC patients the occurrence of genotypes 397TT
and 357AA was significantly higher comparing with BC patients
(55,55% and 10,5% for genotype 39777, and 15,8% for genotype
351AA, respectively).

3. Also in patients with BC and PMT of FRSO that were the
carriers of the mutation in the gene BRCAT in all the cases posi-
tive receptor status in ER and PR and adverse combinations of
polymorphous variants of the genes ESR1 (397CC, 397TC) and
CYP2D6*4 (1846GA) were determined that suggests combined
effect of above factors on the development of FRSO malignancies
in families with cancer positive family history.

4. In BC patients that have recurrence after application of
standard hormone therapy with tamoxifen we found combina-
tions of genotypes 1846GA of the gene CYP2D6*4 and ESRT (397
TC, 397CC; 351 AG, 351GG) in 75 % of cases.

5. Our results suggest the necessity of clinical-genealogical
and molecular-biological examinations in patients with BC and
EC both with positive and with negative cancer family history to
increase efficacy of special treatment due to its personalization.
And determination of SNPs of the gene CYP2D6*4, considering
its role in metabolizing not only cancerogens, but also drugs,
including tamoxifen, will further assist planning of individual reg-
imens of hormone therapy and chemotherapy in patients with
FRSO cancer.

Mmu, ane y nanientok 3 PE Biporigno wacrime ¢ikcyBaau renorunm
397TTi 351AA nopisisinio i3 xgopumu Ha PT'3 (55,55% ta 10,5% 3a re-
noruriom 39717 i 15,8% 3a renorunom 351AA Binnosiamno). Y Toii ca-
MUil yac y nmamienTox i3 PI'3 Ta nmepBHHHO-MHOKNHHIMH Ty XTHHAMA
(IIMITI) opranis xinouoi perpopykrustoi cucremu (OYKPC), ski Gy-
s HocisiMu MyTatiil y reri BRCA7, 6yB BUsiBIeHHil B yCiX BUMagKax
MO3UTUBHUI penenTypHuii cratyc 3a ER T1a PR i Hecrpustiausi
koMmOinartii mosiMopduux Bapiantis renis ESR1 (397CC, 397TC) ta
CYP2D6%*4 (1846GG, 1846GA). lle cBimuuth npo KoMOiHOBaHMI
BILTHB 3a3HAY€HIX YNHHUKIB Ha PO3BUTOK 3JIOSIKiCHUX HOBOYTBOPEHD
OJKPC y poamHax i3 00Ts5KEHUM Ha PaK CiMeilHIM aHaMHe30M. Y XBO-
pux Ha PI'3, sAxi oTpuMyBasn crangapTHy TOPMOHOTEPAMII0 TAMOKCH -
dhenom, 3a nasBrocti renoruny 1846GG rena CYP2D6*4 'y 3 (15,8%)
319 (100%) xBopux OyB [[iarHOCTOBAHMH PEIU/INB 3aXBOPIOBAHHSI.
3axmouenna. OnepxKani pe3yabTaTi J03BOJISIOTH KIIHIYHO BUKOPUC-
TOBYBATH OIIHIOBAHHS dYacTOTH moJsiMopdismiB renis ESRT,
CYP2D6 *4 st ninbopy iHAMBiyabHOT CXeMU TOPMOHOTEpAIIii y XBO-
PUX Ha paK 'PyHOI 321031 Ta MiBUIIEHHS eDeKTUBHOCTI IUCTIaHCep-
HOTO CIIOCTEPEXKeHHS IicJs 3aKiHueHHs crieliajgbHoi Tepamii Takux
MAI€HTOK | MepcoHasi3allii cXeM KOMIIEKCHOTO i KOMOiHOBaHOTO
JIKyBaHHS.

Kmouogi caosa: pax epyonoi sanosu, pax ewoomempis, pooosoou,
CIMeUHULl paxkosuil CUHOPOM, OOHOHYKACOMUOHT 3AMIHU, NOLIMOPPIzMU
(SNP) zenie ESR1,CYP2D6*4.
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OHKONnorum4

B03MOXXHOCTU KJIMHUYECKOr0 UCMOJIb30BaHUSA
TecTUpOBaHUA Ha NoIMMOPdHbIE BapuaHTbl FEHOB
ESR1 n CYP2D6*4 y 60/1bHbIX PaKOM rpyAaHoi
XXenesbl U IHAOMETPUSA

O.B. Manwiivyk, J1.3. Monuwyk, 3.J1. Poccoxa

Ienv uccaedosanus: onpenesnerre ocobeHHOCTEl MOIUMOPGhU3Ma re-
nos ERS1, CYP2D6 y Gouabiibix pakom rpyianoii xemnessl (PIYK) u
pakom snjomeTpust (PJ) u olleHKa BAUSHUS U3YYEHHBIX IeHeThyec-
KHX 0COOEHHOCTEl 110 CPABHEHUIO € PELENTOPHBIM CTaTycoM (MMMY-
HOTHCTOXUMUYECKOE orpe/iesieHne ypoBHeii akcripeccun ER, PR) omy-
XOJIeHl 1 pe3yIbTaTaMy ITPOBEIEHHOTO JIeUeH ST,

Mamepuanvt u memoOut. B0 BBINOIHEHO KOMILIEKCHOE KJIMHUYEC-
Koe, Mop(oJIoTHYecKoe, KITMHIKO-TeHealormdecKoe 1 MOJIeKyIIPHO-Te-
Heruueckoe obesenosanue 28 sxenumn: 19 — 6obubix PTK, 9 — 6oib-
Hbix P3O, B ToM uncsie 5 G0JbHBIX ¢ TIePBUYHO-MHOKECTBEHHBIME OITyX0-
ssvu (ITMO), ¢ 1 Ge3 arperariu oIyXoJieBoli ITaTOJIOTUU B CEMbSIX.
Pesynvmamut. YCTaHoBIEHO, 9TO B CEMBSIX GOJIBHBIX HAOJIONAIOTCS
3JI0KQUEeCTBEHHBIE OITYXOJIH TIPEUMYIIECTBEHHO IPY/IHOI JKeJIe3bl, Tesa
MaTKW 1/WIH SUIHUKOB U THIIEBAPUTEIBHOTO TPAKTA, YTO COOTBET-
crByet cunzipomy Jlnnya Il tuna (cemeitHblii pakoBbiii cunipom ). Mo-
JIeKyJIIPHO-TeHeTHuecKoe rccyenosanne renomuoil JJHK mepudepn-
YeCKOH KPOBM M T'MCTOJIOTHYECKUX cpe3oB oryxoJseit Ha SNP renos
ESR1, CYP2D6%*4 B cpaBHEHUN ¢ pe3yJbTaTaMI NMMYHOTHCTOXHMH-
YeCKOro MCCIe/I0BaHus OIyXoyid Ha perientophelii cratyc ER, PR B

o6uieil rpyrme 00cIe/IOBAHHBIX He BBISBUIO ACCOIMAINIT MEK/Y HU-
MM, HO y HanueHTok ¢ PO BeposATHO yaiie (GUKCHPOBAIN TEHOTUIIBI
397TT wn 351AA no cpasrenuto ¢ 6oabtbimu PTIK (55,55% u 10,5% 110
renoruity 397TT u 15,8% 1o renoruity 357AA coorsercrBento). B to
ske BpeMs y narueHTok ¢ PI7K u [IMO opranoB jKeHCKOI perpo/yK-
tuBHOii cucrempbl (OJKPC), koTopbie ObLIM HOCHTENAMU MyTalluii B
rere BRCA1, GbuI BBISIBJICH BO BCEX CJIYYasiX MO3UTHBHBIN PEIENTYP-
wptii crarye o ER u PR u nebuaronpustible KOMOMHAIMU TTOJIH-
MopdHBIX BapuantoB renoB ESRT (397CC, 397TC) n CYP2D6*4
(1846 GG, 1846GA). IT0 CBUAETENLCTBYET O KOMOMHUPOBAHHOM BJIU-
SIHUM OTMEUYEHHBIX TIPUYMH HA PA3BUTHE 3JI0KAYCCTBEHHBIX HOBOOOPaA-
soBanniit OJKPC B ceMbsiX € OCTOKHEHHBIM PAKOM CEMEIHBIM aHAMHE-
30M. Y GouibHbix ¢ PIJK, KoTopble 1101y 9ai cTaHAapTHYI0 TOPMOHOTE-
panuio TamokcudeHnoMm, npu Haauuuu renotuna 1846GG reuna
CYP2D6*4 y 3 (15,8%) u3 19 (100%) GoJibHBIX OBLI IUATHOCTHPOBAH
pelu/mB 3a00J1eBaHMsL.

3axatouenue. 1losnyderHble Pe3yIbTATHI TTO3BOJISIOT KIMHIYECKH HC-
[0JIb30BATh OLEHKY YacTOThl moJauMopdusmoB renoB ESRT,
CYP2D6*4 pist mopGopa MHANBULYAIBHO CXeMbI TOPMOHOTEPAIIUH Y
GOJIBHBIX C PAKOM TPY/IHON JKesie3bl ¥ MOBbIleHHsT 3)hEKTUBHOCTI
JIMCTIAHCEPHOTO HAGJIOEHUS 1OCIe OKOHYAHUS CIEeIUAIbHON Tepa-
MM TaKKX IAIMEHTOK U ePCOHANM3AINH CXeM KOMILIEKCHOIO 1 KOM-
GUHUPOBAHHOTO JICYCHSI.

Kmouesvie cosa: pax epyonoi icenesot, pax sandomempust, pooocios-
Hovle, CeMetinblil PaKosulll CUNOPOM, OOHOHYKICOMUOHbLE 3AMENBL, NOJU-
moppusmvt (SNP) zenos ESR1, CYP2D6*4.
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