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ABSTRACT

Aim. To describe the CNA (Copy Number Aberration) landscape of luminal B breast tumor before treatment.

Materials and methods. The study included 100 patients with breast cancer (BC) of luminal B subtype for
which a biopsy of the tumor material was performed prior to neoadjuvant chemotherapy (NAC). The tumor DNA
was examined using a CytoScan HD Array microarray (Affymetrix, USA). The obtained microarray data were
correlated with NAC efficacy.

Results. The study showed that loci 1q32.1-32.3,1q41-42.2, and 8q24.21 had the highest frequency of amplifications
(in more than 65% of patients). The highest deletion frequency (in more than 60% of patients) was found in loci
16921, 16q22.1, 16q23.1-24.1, 17p13.1, and 17p12. Trisomy was most often observed in chromosomes 7, 8, 12,
and 17, and monosomy in chromosomes 3, 4, 9, 11, 18, and X-chromosomes. The CNA landscape of luminal B
subtype breast tumors is different from triple-negative breast cancer. The largest difference in the frequency of
amplifications between patients with an objective response to NAC and patients with no response to NAC was
shown in 1q24.2-42.2 loci (46%), and the largest difference in the frequency of deletions (more than 30%) between
groups was in regions 6ql6. 3, 11p15.4, 11g23.1, and 16q22.2-22.3. These loci can be considered potential
predictive markers.

Conclusion. The research determined loci with the highest amplification and deletion frequencies for luminal B
breast cancer. Potential predictive markers for the given molecular subtype were identified.
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Abeppauum Y1c/1a KONUiA B reHOMe ONMyX0/1M MO/IOYHOM ¥Ke/e3bl
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PE3IOME

Henw. Onucanne nanmmadra Copy Number Aberration (CNA) omyXoiu MOJOYHOW JKee3bl JTIOMHHAIIBHOTO
noaruna B no neuenus.

Marepuaiabl U Metoabl. B wuccnenoBanme BkirodeHs! 100 OOJBHEIX pakoM MosoyHOW sxeness! (PMIK)
JIIOMUHAJIBHOTO MOATHUIIA B, /Ui KOTOPHIX MpoBeneH 3a00p OMONCHITHOTO MarepHana OMyXOJH 0 IPOBEICHUS
HeoaawsroBanTHOU xuMuoteparuu (HXT). JIHK u3 onmyxonu uccnenoBana npu noMonu Mukpomarpuibsl CytoScan
HD Array (Affymetrix, CILIA). ITomy4eHHbIe MUKpOMAaTpUYHBIE JaHHBIE COOTHECEHE! ¢ A dexTrBHOCTEI0O HXT.

Pe3yabTatsl. [TokazaHo, 4To HanOoIbIIas YacToTa aMIUHpuKanuid (6oree yeM y 65% GonbHBIX) HabIIOgaeTCS
B cilemyromux Jokycax: 1q32.1-32.3, 1q41-42.2, 8q24.21. HauGonsmas gactota nenenuid (6onee dem y 60%
0oBHBIX) ObLTa OOHapykeHa B Jokycax 16q21, 16q22.1, 16q23.1-24.1, 17p13.1, 17p12. Tpucomus 4damie Bcero
HaOroanace B 7-, 8-, 12- u 17-it xpomocomax, MOHOCOMUS — B 3-, 4-, 9-, 11-, 18-it u X-xpomocomax. Jlanmmadt
CNA omyxonu MOJIOYHOH >Kese3bl JIOMHHAIBHOTO MOATHIIA B oTmmuaercs or Tprkasl HeratuBHoro PMOK.
HawnGonbmas pa3HHIA 9acTOTHI BCTPEUaEMOCTH aMIUTH(HUKAIMN MEXILy OONBHBIMU C OOBEKTHBHBIM OTBETOM Ha
HXT u 6onpubIME ¢ 0TcyTcTBHEeM oTBeTa Ha HXT nokasana B 1q24.2-42.2 nokycax (46%), a HauOGonpImas pa3Huia
9acTOTHI BCTpedaeMocTu nenenuil (6omee 30%) — Mexamy rpymnmamu B permoHax 6q16.3, 11pl15.4, 11g23.1,
16q22.2-22.3. JlaHHBIE JIOKYCBI MOTYT OBITH pACCMOTPEHBI B KAYECTBE MOTCHINAIBHBIX IPEIUKTHBHBIX MAPKEPOB.

3akJir0ueHue. YCTaHOBIICHBI JIOKYCHI ¢ HaUOOJbIIEH YacTOTON aMIUTMGUKAUUi U Ieeuid IS paka MOJIOYHOH
’KeJe3bl JIOMUHANBHOTO oATuMa B. MaeHTudUIMpoBaHs! MOTEHIMANBHbIE TPEANKTUBHBIE MApKEPBI IS JAHHOTO
MOJIEKYJISIPHOTO MOATHTIA.

KaroueBsble cjioBa: pak MOJIOYHOM KCJIC3HBI, MI/IKpOManI/I‘IHHﬁ aHaJIn3, JCJICIHH, aMHJ’II/I(pI/IKaHI/II/I, HCOAOBbIOBAHT-
Has XUMHOTEpaIiys.

KOHq).]'IPlKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C r[y6nm<aunel71 HaCTOS{H.[efI CTaTbHU.

Hctounnk ¢punancupoBanus. VccnenoBanue BEITOTHEHO P (HUHAHCOBOM MOANEpKKe Poccuiickoro HayqHOTO
dorma, mpoekt Ne 17-15-01203.

CooTBeTcTBHE NPUHIUIAM 3THKH. Bce nmanuenTs! noanucany “HGOPMUPOBAHHOE COTJIacHe Ha ydacTHE B HC-
cnenoBanuu. VccnenoBanue 0100peHO TOKaIbHBIM 3TH4ecKuM komuteroM HUU onkonorun Tomckoro HUMIIL

Jnsa uutupoBanus: Voparumoa M.K., LipiranoB M.M., Ciornmckas E.M., JlutesxoB H.B. Abeppauun gmc-
J1a KOTIMH B TEHOME OITyXOJIM MOJIOYHOM JKeNe3bl TIOMHHAIBHOTO NoaTHma B. broniemens cubupckoii meouyunbt.
2020; 19 (3): 22-28. https://doi.org: 10.20538/1682-0363-2020-3-22-28.

INTRODUCTION

Thanks to the Cancer Genome Atlas Program
(TCGA), it became clear that tumors of many local-
izations contain not only point mutations of oncogenes
and tumor suppressor genes but also a large number
of various chromosomal abnormalities that play a key
role in carcinogenesis and tumor progression [1]. The
most common chromosomal abnormalities are found

in solid tumors [2]. Deletions or amplifications of
chromosomal regions and individual chromosomes
are referred to as aberrations of the number of DNA
copies or CNA (Copy Number Aberration). These
types of cytogenetic disorders can affect gene expres-
sion; as a rule, in deletions, the expression of genes
localized in the deleted region is reduced, while in am-
plifications it is increased [3]. Breast cancer (BC) is no
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exception. Despite the fact that breast tumors have a
high degree of intra-tumoral heterogeneity, the most
common chromosome aberrations have been identi-
fied for them. In breast cancer (according to TCGA
data), CNA in 1q, 8q, 8p, 11q, 13q, 16q, 17q and 20q
regions have a high frequency of occurrence [4-6].

To date, the detailed elaboration of changes in tu-
mors has begun and CNA genetic characteristics of
specific tumor localizations and related patterns of
gene expression are being described. In fact, CNA
tumor-specific landscapes with large changes in the
number of genomic copies lead to global deregulation
of tumor cell transcriptomes. In addition, the molecu-
lar characterization of cytogenetic abnormalities has
made it possible to gain insight into the mechanisms
of oncogenesis and in some cases has led to the clin-
ical implementation of effective diagnostic and prog-
nostic tools, as well as treatment strategies aimed at a
specific genetic anomaly.

The study by J.Y. Goh et al. determined that am-
plification of 1g21.3 chromosome is a new biomarker
and an effective target for breast cancer. This ampli-
fication is present in 10—30% of primary tumors, and
in more than 70% of recurrent tumors, regardless of
breast cancer subtype. The molecular mechanism by
which 1g21.3 amplification is associated with a relapse
of breast cancer, including the functional relationship
between S100A7/8/9 and IRAK1, was investigated.
Using ddPCR, the authors developed a molecular
analysis based on a blood test to detect 1q21.3 am-
plification in extracellular DNA and showed that this
amplification can serve as a circulating biomarker to
predict early relapse and monitor the breast tumor re-
sponse to chemotherapy [7].

Currently, there are studies of the CNA associ-
ation and clinical and morphological parameters of
the tumor for individual subtypes of breast cancer,
in particular, for triple negative breast cancer. Ac-
cording to these studies, 10p and 12q chromosomal
regions show the highest amplification frequency,
which corresponds to an increase in the number of
copies of the GATA3 and MDM2 genes. Ampli-
fications in chromosomes 1q (MDM4), 3q (PIK-
3CA), 6p (CCND3), 8q (MYC) and 18 (BCL2 and
SMADA4) are less frequent, and frequent deletions
include chromosomes 4p (FGFR3), 5q (PIK3R1),
8p (DBC2), 9p (NR4A3), 12 (MDM2) and 22
(CHEK2?) [8].

However, most studies do not determine the CNA
of the entire genome, investigating only the key genes
involved in tumor pathogenesis. No full-genome CNA
landscape description is provided for luminal B sub-
type of breast cancer.

The study aims to describe the CNA landscape of
luminal B breast tumor before treatment.

MATERIALS AND METHODS

In the course of this study, a bank of biological
material was collected from 100 patients with a mor-
phologically verified diagnosis of luminal breast can-
cer (11 of them are luminal B HER2+) and a detailed
register of clinical and morphological data was com-
piled (average age 46.2 + 0.4 years) (Table 1). Biopsy
material was collected from each patient before treat-
ment with the help of ultrasound-guided pistol biopsy.
DNA was isolated from samples using the QIAamp
DNA miniKit kit (Qiagen, Germany) in accordance
with the manufacturer’s instructions.

Table 1
Clinical and morphological parameters of the examined patients with breast cancer
Clinical and morphological parameters Number of patients (%)
<45 41 (41%)
Age, years
>45 59 (59%)
Menstrual status Premenopause 58 (54%)
Postmenopause 42 (42%)
Invasive ductal carcinoma 85 (85%)
Histological type Invasive lobular carcinoma 8 (8%)
Medullary carcinoma 1 (1%)
Other types 7 (7%)
T, 13 (13%)
Tumor size L 78 (78%)
T, 4 (4%)
T, 5 (5%)
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Table 1 (continued)

Clinical and morphological parameters Number of patients (%)
N, 45 (45%)
Lymph node metastasis N, 43 (43%)
N, 4 (4%)
N, 8 (8%)
Molecular subtype Luminal B 100 (100%)
Epidermal growth factor 0+ 89 (89%)
receptors HER2 /A 11 (11%)
Histological form Unicentric 70 (70%)
Multicentric 30 (30%)
CAX 19 (19%)
FAC/AC 31 (31%)
NAC regimen Taxotere 20 (20%)
AT/ACT 9 (9%)
CP 12 (12%)
Not carried out 9 (9%)
Progression 4 (4%)
Stabilization 22 (22%)
Response to NAC Partial regression 53 (53%)
Complete regression 12 (12%)
Not carried out 9 (9%)

Note. NAC — neoadjuvant chemotherapy; CAX — cyclophosphamide, adriamycin, xeloda; FAC — 5-fluorouracil,
adriamycin, cyclophosphamide; CP — cyclophosphamide, cisplatin; AT — adriamycin, docetaxel; AC — adriamycin,

cyclophosphamide; ACT — adriamycin, cyclophosphamide, docetaxel.

To study CNA in tumor cells, a high density mi-
croarray CytoScan HD Array (Affymetrix, USA) was
used, which allows a full-genome format to evaluate
DNA deletions and amplifications in all tumor cells
at the same time and quantitatively analyze the repre-
sentation of mutation (or a clone carrying mutation)
against normal DNA.

The effectiveness of pre-surgery chemotherapy
was evaluated according to the criteria of the WHO
and the International Union Against Cancer with the
help of ultrasound examination and / or mammogra-
phy. Full regression (100% decrease in tumor), par-
tial regression (decrease in tumor volume by more
than 50%), stabilization (decrease in tumor volume
by less than 50% or increase by no more than 25%)
and progression (increase in tumor volume by more
than 25%) were recorded. According to international
recommendations, during pre-surgery chemotherapy
breast cancer patients with stabilization or progres-
sion constituted a group with no response to NAC, and
patients with partial and complete regression formed
a group with an objective response. The program
“Chromosome Analysis Suite 4.0” (Affymetrix, USA)
was used to process the results of microchipping (bio-
informatic analysis).

RESULTS

The first stage saw the analysis of CNA occurrence
frequency carried out for all 862 cytobands for each
patient included in the study. The amplification and de-
letion frequencies are shown in Figure 1 and in the ap-
pendix in the form of tabular data. Table 2 presents data
on the genomic regions with a high incidence of CNA
and their absence in the group of breast cancer patients.

In most cases, amplifications and deletions were
absent in the pericentromeric regions of chromosomes
13, 14, 15, 21, and 22. Moreover, the study showed
that the absence of amplifications in loci 10q23.32—
24.33, 11923.1-23.2, and 13q14.11-14.3 was accom-
panied by the presence of deletions in more than 30%
of patients, and, conversely, the absence of deletions
in loci 8q12.1 and 8q24.11-24.21 was accompanied
by the presence of amplifications in more than 40% of
patients (Fig. 1, appendix). Numerical chromosomal
abnormalities were calculated. Trisomy was most of-
ten observed in chromosomes 7, 8, 12, and 17; mono-
somy was most often observed in chromosomes 3, 4,
9, 11, 18 and X chromosomes.

Next, we studied the association of the response
to NAC with the CNA occurrence frequency. Before
treatment patients were divided into two groups: group
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1 included patients with stabilization and progression
of the tumor process after NAC (n = 26), while group

2 consisted of patients with partial and complete tu-
mor regression after treatment (n = 65).

Table 2

Data on the genomic regions with a high incidence of CNA and their absence in the group of breast cancer patients

Parameter

Locus

Frequency of amplifications
>65%

1932.1-32.3, 1q41-42.2, 8q24.21

Frequency of deletions >60%

16921, 16q22.1, 16q23.1-24.1, 17p13.1, 17p12

Absence of amplifications

10923.32-24.33, 11q23.1-23.2, 13p12-11.1, 13q14.11-14.3, 14p13-11.1, 14q11.1, 15p13-11.1, 15q11.1,

21p13-11.1, 21q11.1, 22p13-11.1

Absence of deletions

8q12.1, 8q24.11-24.21, 13p13—11.1, 14p12-11.1, 14q11.1, 15p12-11.1, 15q1 1.1, 21p13-11.1, 21q11.1,

22p13-11.2

Absence of amplifications and
deletions

100
80

60

M Deletions

B Amplifications |

13p13-11.1, 14p12-11.1, 15p12-11.1, 21p13-11.1, 21q11.1, 22p13-11.2

R

(| 95"| 1687 |28{10 |20 2%

Fig. 1. CNA frequency in a luminal B molecular subtype breast tumor

The highest frequency of amplifications (over 60%)
in the group of patients with stabilization and progres-
sion after NAC was found only in loci 8q23.1-24.3. It
is interesting to note that in the presence of more than
60% of amplifications in regions 8q23.1-24.3, there
was a complete absence of deleted sites in these loci.
The maximum deletion rate (more than 50%) in group
1 was observed in loci 8p23.3, 16921, 16q23.1-24.2,
and 17p13.3-11.2. At the same time, locus 8p23.3
with the highest deletion frequency demonstrated the
absence of amplifications. A general picture of the in-
cidence of CNA in patients with stabilization and pro-
gression of the tumor process is presented in Figure 2.

For the 2nd group of patients, the highest amplifica-
tion frequency (84%) was found in locus 1q32.2. The
amplification frequency of more than 60% was found
in the long arm of chromosome 1, loci 1q23.2-25.3

and 1q31.1-44, and the long arm of chromosome 8§,
8q22.1-24.3. At the maximum frequency of amplifi-
cations in these regions, deletions were practically ab-
sent. The maximum deletion rate (72%) was observed
in locus 17p13.1. A deletion rate of more than 50%
was found in a large number of loci: 6q14.1-16.3,
6q21-22.1, 8p23.3-21.1, 11q21-25, 13q14.11-14.3,
13q21.1,16q11.2-13,16q21-24.3, 17p13.3—11.2, and
22q12.3-13.2. A general picture of the CNA incidence
in patients of group 2 is also presented in Figure 2.

In the joint analysis of the two groups, cytobands
were found in which the difference in the frequency
of occurrence of chromosomal abnormalities in the
groups with the presence and absence of an objective
response to NAC reached a maximum value of 30%
or more. The largest difference in the frequency of oc-
currence of amplifications between groups is shown
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Fig. 2. The ratio of amplification and deletion frequencies in the tumor before treatment, depending on the effect of neoadjuvant
chemotherapy: loci with the largest difference in amplification and deletion frequencies are signed. SD + P — stabilization +
progression; PR + CR — partial regression + complete regression

in loci 1q24.2-42.2 (46%), and the largest difference
in the frequency of occurrence of deletions (more than
30%) between groups is in regions 6q16.3, 11p15.4,
11g23.1, 16q22.2-22.3 (Fig. 2). These loci have po-
tential predictive significance for luminal breast can-
cer, which must be validated in prospective studies.

DISCUSSION

Given the fact that breast cancer is a genetically
heterogeneous disease, it is now necessary to conduct
studies to identify the spectrum of molecular and ge-
netic features of this tumor in order to develop new
approaches to the treatment of breast cancer patients.
Therefore, features of the genetic landscape of the
breast tumor need to be described in detail, with di-
vision into molecular subtypes and based on the main
clinical indicators.

Currently, data on the frequency analysis of chro-
mosomal aberrations for a small sample of patients
(n=12) with triple negative breast cancer have already
been published. Microarray analysis determined chro-
mosome regions with the most frequent amplifications
(1q, 39, 6p, 8q), frequent trisomy of chromosome 18,
regions with the most frequent deletions (4p, 5q, 8p,
9p) and monosomy of chromosomes 12 and 22. More-
over, many unique amplifications that occurred exclu-
sively in individual patients were identified [8].

Similar data were obtained by Matthew D. Burstein
et al. in a large sample of patients (n = 278) with tri-
ple negative breast cancer. Thus, the features of CAN
occurrence frequency were characterized, which

show that chromosomes 1q31.2, 3q26.1 and 8q23.3
demonstrated the highest frequency of amplification
occurrence (more than 84%), and the highest deletion
frequency was found in chromosomes 8p23.2, 9p21.3
and 10g23.31 [9]. In contrast to triple negative breast
cancer [9], in the case of luminal B breast cancer the
telomeric part of the long arm of chromosome 1 has
a high frequency of amplifications, but in 3q26.1 the
frequency of amplifications is much lower, and in
the long arm of chromosome 8 the highest frequency
(66%) is observed in 8q24 .21, where one of the most
famous oncogenes, -c-MYC, is located. Triple nega-
tive and luminal B subtype breast cancer also differ in
loci with the highest deletion frequency (Table 2), in
particular, loci in the long arm of chromosome 16 and
the short arm of chromosome 16 (17p13.1, 17p12) are
most often deleted in luminal B BC. Locus 17p13.1
contains one of the most famous tumor suppressor
genes TP53. These data indicate that the CNA land-
scape of breast tumor is dependent on its molecular
subtype.

In addition to the description of the CNA landscape
itself, it is important to understand that such data can
form the basis to develop new markers of treatment
efficacy for patients with breast pathology. The study
by Kazantseva et al. examined molecular and genetic
markers of effectiveness of neoadjuvant chemother-
apy with anthracyclines in patients with breast can-
cer, where a sample of 46 patients with breast can-
cer showed that deletions of 18p.11.21; 11q22.1 and
amplifications of loci 1q24.1-43 can be considered
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as predictive criteria for high efficiency of NAC. The
presence of at least one of the markers makes it possi-
ble to predict a high efficacy of pre-surgery treatment
with anthracyclines in 85.3% of cases [10]. In the
present study on luminal B subtype breast cancer, the
long arm of chromosome 1 in patients with an objec-
tive response also showed a relatively high frequency
of amplifications. At the same time, deletions were
more often observed in patients with an objective re-
sponse in loci 6q16.3, 11p15.4, 11g23.1, 16q22.2 —
22.3, which differs from the work of Kazantseva and
her co-authors.

CONCLUSION

The study described the CNA landscape of lumi-
nal B breast tumor before treatment as well as the
CNA landscape in patients with an objective re-
sponse to NAC and its absence. The incidence rates
of aberrations in all cytobands were established; an-
euploidy and cytobands with the highest frequency
of CNA occurrence and their absence were detected.
Differences in the CNA landscape of luminal B sub-
type breast tumor and triple negative breast cancer
were discussed.

REFERENCES

1. Garraway L.A., Lander E. S. Lessons from the cancer genome.
Cell. 2013; 153: 17-37. DOI: 10.1016/j.cell.2013.03.002.

2. Abbas T., Keaton M.A., Dutta A. Genomic instability in can-
cer. Cold Spring Harb. Perspect. Biol. 2013;5:a012914 DOI:
10.1101/cshperspect.a012914.

3. Xu Y., Duan Mu H., Chang Z., Zhang S., Li Z., Li Z.,
Liu Y., Li K., Qiu F., Li X. The application of gene co-ex-
pression network reconstruction based on CNVs and gene ex-
pression microarray data in breast cancer. Molecular Biology
Reports. 2012; 39 (2): 1627-1637. DOI: 10.1007/s11033-011-
0902-3.

Authors information

4. Kaveh F., Baumbusch L.O., Nebdal D., Borresen-Dale A.-L.,

Lingjeerde O.C., Edvardsen H., Kristensen V.N., Solvang H.K.
A systematic comparison of copy number alterations in four
types of female cancer. BMC Cancer. 2016; 16. DOI: 10.1186/
s12885-016-2899-4.

5. Iddawela M., Rueda O., Eremin J., Eremin O., Cowley J.,

Earl H.M., Caldas C. Integrative analysis of copy number and
gene expression in breast cancer using formalin-fixed paraf-
fin-embedded core biopsy tissue: a feasibility study. BMC Ge-
nomics. 2017; 18. DOI: 10.1186/512864-017-3867-3.

6. Grade M., Difilippantonio M.J., Camps J. Patterns of Chromo-

somal aberrations in solid tumors. Chromosomal Instability in
Cancer Cells. 2015; 200: 115-142. DOI: 10.1007/978-3-319-
20291-4_6.

7. Goh J.Y., Feng M., Wang W., Oguz G., Yatim SM.J.M.,

LeeP.L.,Bao Y., Lim T.H., Wang P., Tam W.L., Kodahl A.R.,
Lyng M.B., Sarma S., Lin S.Y., Lezhava A., Yap Y.S., Lim
A.S.T., Hoon D.S.B., Ditzel H.J., Lee S.C., Tan E.Y., Yu Q.
Chromosome 1q21.3 amplification is a trackable biomarker
and actionable target for breast cancer recurrence. Nature Med-
icine. 2017;23:1319-1330 DOI 10.1038/nm.4405.

8. Gao R., Davis A., McDonald T.O., Sei E., Shi X., Wang Y.,
Tsai P.-C., Casasent A., Waters J., Zhang H., Meric-Bernstam
F., Michor F., Navin N.E. Punctuated copy number evolution
and clonal stasis in triple-negative breast cancer. Nature Genet-
ics. 2016; 48: 1119-1130. DOI: 10.1038/ng.3641.

9. Burstein M.D., Tsimelzon A., Poage G.M., Covington K.R.,

Contreras A., Fuqua S.A.W., Savage M.I., Osborne C.K.,,
Hilsenbeck S.G., Chang J.C., Mills G.B., Lau C.C., Brown
P.H. Comprehensive genomic analysis identifies novel sub-
types and targets of triple-negative breast cancer. Clinical Can-
cer Research. 2015; 21 (7): 1688-1699. DOI: 10.1158/1078-
0432.CCR-14-0432.

10. Kazantseva P.V., Tsyganov M.M., Slonimskaya E.M., Litvya-
kov N.V., Cherdyntseva N.V., Ibragimova M.K., Doroshenko
A.V., Tarabanovskaya N.A., Patalyak S.V. Molecular-ge-
netic markers of response to neoadjuvant chemotherapy with
anthracyclines in breast cancer patients. Siberian Journal of
Oncology. 2016; 15 (2): 29-35. DOI: 10.21294/1814-4861-
2016-15-2-29-35.

Ibragimova Marina K., Junior Researcher, Laboratory of Oncovirology, Cancer Research Institute, Tomsk National Research
Medical Center, Russian Academy of Sciences, Tomsk. ORCID 0000-0001-8815-2786.

Tsyganov Matvey M., Cand. Sci. (Biology), Senior Researcher, Laboratory of Oncovirology, Cancer Research Institute, Tomsk
National Research Medical Center, Russian Academy of Sciences, Tomsk. ORCID 0000-0001-7419-4512.

Slonimskaya Elena M., Dr. Sci. (Med.), Professor, Faculty of Medicine, Department of Oncology, Saint-Petersburg State University,

Saint-Petersburg. ORCID 0000-0003-4382-5697.

Litviakov Nikolai V., Dr. Sci. (Biology), Head of the Laboratory Oncovirology, Cancer Research Institute, Tomsk National Research
Medical Center, Russian Academy of Sciences, Tomsk. ORCID 0000-0002-0714-8927.

(P<) Ibragimova Marina K., e-mail: imk1805@yandex.ru.

Received 21.05.2019
Accepted 25.12.2019

28 Bulletin of Siberian Medicine. 2020; 19 (3): 22-28



