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INVESTIGATION AND ANALYSIS OF GENE STRUCTURES 
USING TIME-OF-FLIGHT MASS SPECTROMETRY. PPLICATION 
OF THE GENOMIC ANALYZER IN SCIENTIFIC AND CLINICAL 

PRACTICE

A.G. Afanasyev
Biogen-Analitika Ltd, Moscow, Russia

Single polymorphic markers (SNP) are the most common type of genetic polymorphism. Despite 
the progress in sequencing and postgenomic technologies, point-based genotyping of SNP remains 
the most popular way, both in human medical genetics and molecular genetics in general. SNP 
genotyping technologies have evolved over the past three decades from the genotyping of single 
markers by nucleic acid hybridization, PCR, and the detection of differences in amplicons using 
various approaches (PCR-RFLP, allele-specific PCR, etc.) to automated multiplex analysis of 
hundreds of thousands or several million SNP on high-density microarrays of DNA (biochips).

Today the most common method of genotyping SNP in laboratory and research practice is 
real-time PCR using fluorescently labeled probes (TaqMan-probes). For more extensive studies, 
genotyping is used on high-density biochips. The first of these approaches allows one to obtain 
data on single markers in hundreds or thousands of samples, the second - about tens and hundreds 
of thousands of SNP in units or dozens of samples. At the same time, the niche of intermediate 
scale, which is most in demand when solving most problems - genotyping tens or hundreds of 
markers in hundreds of samples - remains poorly filled with modern technological solutions. 
Approaches based on low-density DNA microarrays or SNaPShot analysis using capillary gel 
electrophoresis remain relatively inadequate due to limitations on the possible multiplexing and 
resolution limitations of the separation of amplicons. One of the technologies in the described 
niche of tasks is the mass spectrometry of biological macromolecules, including DNA. In genetics 
and molecular biology, mass spectrometry technologies are used for genotyping, analysis of DNA 
expression and methylation.

Scalability, high accuracy and sensitivity, analysis of a large number of single nucleotide 
polymorphisms in a multiplex format, has found wide application in cancer research, in particular, 
in the genotyping of somatic mutations, pharmacogenomics, genotyping of blood groups, and 
research in the field of agriculture. To develop the locus-specific primer, special software is used 
that allows analyzing not only quantitative estimation of alleles, but also mini-segregation of gene 
fragments, 50 bp in size.

The sensitivity rate of mass spectrometry remains high, allowing polymorphism of a segment 
with a length of 170 bp to be determined. This advantage makes it possible to successfully apply 
the method of reading SNP for liquid biopsy. Degraded DNA, single tumor cells serve as a material 
for the detection of tumors at an early stage of tumor development, for which there are a number 
of panels for the early diagnosis of colorectal cancer and lung cancer. This method is the best for 
the above analyzes and has found wide application in scientific and clinical laboratories around 
the world.

Keywords: single polymorphic markers, real-time PCR, mass spectrometry.

ASPARTATE COUPLES ARGININE STARVATION 
wITH MITOCHONDRIAL DYSFUNCTION IN BREAST CANCER 

CELLS wITH ASS1 DEFICIENCY

D.K. Ann
Department of Diabetes Complications and Metabolism, Diabetes and Metabolism Research Institute, 
Beckman Research Institute, City of Hope, Duarte, USA

One of the most common, perhaps under-recognized, metabolic deficiencies (>70%) of cancer 
cells is the inability to synthesize arginine, due to the suppression of the expression of argininosuc-
cinate synthetase (ASS1), a tumor suppressor. Exploiting this feature, arginine starvation therapy 
with ADI (arginine deiminase) has entered phase III clinical trials with remarkable tumor specificity 
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and safety profile. We previously reported that arginine-starved tumor cells were killed by a novel 
mechanism where nuclear DNA leaked out and was engulfed by giant autophagosome, a form 
referred to as chromatophagy (chromatin-autophagy). The cell death was caspase-independent, 
but mitochondria-dependent. Arginine deprivation rapidly and potently silenced nuclear-encoded 
mitochondrial genes in a coordinated way and principally by epigenetic means. This resulted in 
altered mitochondrial dynamics and impaired mitochondrial functions, leading to ROS production 
and DNA damage. At the same time, the expression of enzymes involved in DNA metabolism were 
also affected with consequent impaired DNA-repair. We validate that mitochondria are the main 
target of arginine starvation, and identified an important role of aspartate in maintaining homeostasis 
of arginine-starved cells. Aspartate is required for NADH and nucleotide production to support 
the survival of arginine-starved, ASS1-deficiency cells. Thus, the fate of arginine-starved cells 
isimpacted by the mitochondria quality and the availability of intracellular aspartate. Altogether, 
this study suggests that dietary arginine restriction and aspartate modulation could be a potential 
strategy for retarding the progression of ASS1-deficient tumors. In summary, our data uncover 
an atypical autophagy-related death pathway and suggest that mitochondrial damage is central to 
linking arginine starvation and chromatophagy in two distinct cellular compartments.

Keywords: breast cancer, argininosuccinate synthetase, metabolic stress, cancer therapy.

MICRORNA EXPRESSION IN TUMOR AND SURROUNDING 
NON-CANCEROUS MELANOMA TISSUE

M.B. Aksenenko, N.V. Palkina, A.V. Komina, T.G. Ruksha

Federal State Budget Educational Institution of Higher Education «Krasnoyarsk State Medical University 
named after Professor V.F. Voyno-Yasenetsky» of the Ministry of Health of the Russian Federation, 
Krasnoyarsk, Russia

MicroRNA as epigenetic regulators has impact on melanoma development and progression. In 
this study, we aimed to identify the microRNA profile in melanoma and adjacent noncancerous 
tissue. Skin biopsies (n=21) obtained from melanoma patients were macrodissected. The reverse 
transcription reaction was performed in a reaction mixture containing 0.1 μl of 5× primers miRNA 
TaqMan assays specific to the investigated microRNAs and endogenous controls (Cat. № 4427975, 
Applied Biosystems). Expression levels of miRNAs were determined by real-time PCR using spe-
cific primers for miR-363-3p, miR-3591, miR-18a-5p, and miR-146a-5p (Cat. № 4427975, Applied 
Biosystems). Results. miR-146a-5p level was demonstrated as elevated in melanoma cells versus 
noncancerous adjacent tissue (p=0.002). 38 target genes have been determined for miR-146a-5p of 
which NRAS gene is known as one of the most frequent mutated in melanoma. Immunohistochemi-
cal evaluation of NRAS protein identified its increased level in NRAS-negative tumor tissue as 
compared to NRAS-mutant tumors (p=0.004). Elucidation of the role of miR-146-a-5p in complex 
interactions between the tumor and the surrounding cells is necessary for our understanding of the 
mechanisms of tumor progression and the development of new treatments.

Keywords: Melanoma, non-cancerous melanoma tissue, microRNA.

The development and growth of a malignant tumor depends upon a local interaction between 
tumor cells and microenvironment. The malignant features of tumor cells cannot be manifested 
without an important interplay between cancer cells and their local environment [1]. In recent years, 
a substantial number of reports on individual miRNAs or miRNA patterns have been published 
providing strong evidence that miRNAs might play an important role in malignant melanoma and 
help to better understand the molecular mechanisms of melanoma development and progression [2]. 
In this study, we aimed to identify the microRNA profile in melanoma and adjacent noncancerous 
tissue with a further assessment of signaling pathways and target genes of microRNAs altered.

Material and Methods
Skin biopsies (n=21) obtained from melanoma patients were macrodissected. RNA was isolated 

from the patient’s tissue, then - microarray with GeneAtlas Microarray System («Affymetrix», 
California, USA). The reverse transcription reaction was performed in a reaction mixture containing 
5× primers miRNA TaqMan assays specific to the investigated microRNAs and endogenous controls 
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(Cat. № 4427975, Applied Biosystems). Expression levels of miRNAs were determined by real-
time PCR using specific 20× primers for miR-363-3p, miR-3591, miR-18a-5p, and miR-146a-5p 
(Cat. № 4427975, Applied Biosystems). The reaction was performed on a StepOne™ Real-Time 
PCR System (Applied Biosystems, Singapore, Singapore) with the following temperature cycling 
protocol: 50 °C for 2 min and 95 °C for 10 min, followed by 40 cycles of 95 °C for 15 sec and 
60 °C for 1 min with FAM detection. Bioinformatic analysis was performed using the DIANA-
miRPath v.3.0 database. Target genes for miR-146a-5p were determined using three different 
algorithms: TargetScan 7.0, miRWalk 2.0 and miRTarBase v.4.5, after which only matching genes 
were selected. The immunohistochemical study was performed according to a standard protocol. 
The slides were incubated with anti-NRAS (anti-GTPase NRAS Clone AT2G9, Antibodies-online, 
Atlanta, GA, USA) monoclonal antibodies for 1 h. Negative controls were prepared by performing 
the same immunohistochemistry protocol without application of primary antibodies. The sequence 
primers for NRAS gene (exon3) were: forward 5’ ATAGCATTGCATTCCCTGTG, reverse 5’-
GCGGATATTAACCTCTACAGG and NRAS gene (exon 2) were: forward 5’- GGG GGT TGC 
TAG AAA ACT A, reverse 5’- ATCCGA CAA GTG AGA GAC A. Cycle conditions were an initial 
denaturation at 95 °C for 3 min, then 35 cycles of 95 °С for 30 sec, 54 °C for 40 sec., 72 °C for 40 
sec, followed by 3 min at 72 °C. The Expression Console and Transcriptome Analysis Console 3.0 
(Affymetrix, Santa Clara, CA, USA) software were used for quality control, statistical analysis, 
and miRNA annotation. The data were automatically statistically analyzed using ANOVA test and 
FDR corrected values. MicroRNAs expression differences were assessed using a Mann-Whitney 
U-test and considered significant at p≤0.05. Mann-Whitney U-test with the Statistica 6.1 software 
(Stat Soft, Moscow, Russia).

A survey has shown the expression level of hsa-miR-146a-5p to be statistically significantly 
higher in melanoma cells as compared to the healthy surrounding tissues (p=0.002). MiR-146-
a-5p this targets included well-known melanoma-associated genes such as NRAS oncogene, 
microphthalmia-associated transcription factor (MITF), receptor tyrosine kinase c-KIT and AP-2 
transcription factors (TFAP2). Previous reports validated NRAS as a confirmed target gene for 
miR-146a by functional study [3]. It is well established that NRAS is one of the key oncogenes 
in melanoma development, its activating mutations account for the enhanced melanoma cell 
proliferation [4]. Immunohistochemical evaluation of NRAS protein identified its increased level 
in NRAS-negative tumor tissue as compared to NRAS-mutant tumors (p=0.004). Interestingly, 
miR-146a-5p expression levels were more than 4,000-fold higher in NRAS-negative melanomas 
and 1,600 times higher in NRAS-positive melanomas compared to adjacent noncancerous tis-
sues as it was determined by real-time PCR. It may suggest different effects of miR-146a-5p on 
melanoma cell biology through its binding to other target genes apart from NRAS. Elucidation 
of the role of miR-146-a-5p in complex interactions between the tumor and the surrounding cells 
is necessary for our understanding of the mechanisms of tumor progression and the development 
of new treatments.

The study was supported by Grant of the Russian Science Foundation (project № 14-15-
00074-P).
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COMPREHENSIVE ANALYSIS OF BRCA1 GENE MUTATIONS IN 
SIBERIAN BREAST CANCER PATIENTS

M.S. Anisimenko1,2, G.A. Paul1, N.A. Matyash1, N.I. Gutkina2, 
E.V. Gornostaeva1,2, D.A. Berdyugina1,2, A.Yu. Garanin1,2, A.V. Butorina1,2, 
A.E. Kozyakov3, S.P. Kovalenko1,2

BioLink Ltd, Novosibirsk, Russia1

Federal Research Center of Fundamental and Translational Medicine, Novosibirsk, Russia2

Novosibirsk Regional Oncological Clinic, Novosibirsk, Russia3

Mutations in the BRCA1 gene in patients with breast cancer in the Novosibirsk Region 
were analyzed in details. The BRCA1 5382insC mutation was analyzed among 3850 unselected 
patients, 138 mutation carriers (3.6%) were identified. 1400 patients were additionally analyzed 
for carriage of 185delAG, T300G (C61G), and 4153delA. As a result, 1 carrier of the 185delAG 
mutation (0.07%), 3 carriers of the T300G mutation (0.21%), and 6 carriers of the 4153delA 
mutation (0.43%) were detected. Analysis of the complete coding sequence of the BRCA1 gene 
was conducted for 445 patients with early onset breast cancer. 35 carriers of the 5382insC mutation 
(7.9%) and 5 carriers of other pathogenic mutations (T300G, 4153delA, E143X, IVS18 + 1G> 
T and g.41256236_41256237delGG, one case each) were identified in the cohort of 445 patients 
with early onset breast cancer.

Keywords: BRCA1 gene, mutation, breast cancer, hereditary cancer, NGS.

Introduction
Hereditary factors account for up to 10% of all cases of breast cancer [1]. A significant part of 

the hereditary forms of breast cancer is caused by mutations in the BRCA1 and BRCA2 genes. The 
likelihood of a malignancy during the lifespan for BRCA1/2 mutation carriers is very high - up to 
90% [2]. The data on the prevalence of specific mutations among patients with unselected breast 
cancer are limited. In this study, we estimated the prevalence of mutations in the BRCA1 gene 
among all breast cancer patients from Novosibirsk with a particular focus on mutation analysis 
among patients with early onset cancer.

Material and Methods
Blood samples were collected from 3,850 patients diagnosed with breast cancer treated at 

the Novosibirsk Regional Oncological Clinic from April 2013 to June 2016. An analysis of the 
mutations of BRCA1 gene (5382insC, 185delAG, T300G, and 4153delA) was performed using 
allele-specific real-time PCR. An analysis of the complete coding region of the gene (22 exons, 
5592 bp) with the adjacent intron regions (20-50 bp) was performed by targeting sequencing 
using the Ion PGM instrument (Life Technologies, USA). Bioinformatic analysis of the raw data 
was based on PRINSEQ technique [3]. The nucleotide sequences obtained in the analysis were 
compared with the reference sequence of the human genome GRCh37/hg19 using the BWA-MEM 
software version 0.7.5 [4]. The search for genetic variants was carried out using the SAM tools 
software version 0.1.19 [5].

Results
3850 unselected DNA samples of breast cancer patients were analyzed for the presence of the 

common 5382insC mutation in BRCA1 gene. According to our previous results, the frequency 
of 5382insC mutation among residents of Novosibirsk city is 0.25% [6]. Analysis of 3850 DNA 
samples of unselected breast cancer patients revealed 138 heterozygous BRCA1 5382insC carriers. 
Thus, the incidence of 5382insC mutation among breast cancer patients, regardless of family history, 
age of the disease in the Novosibirsk region, is 3.6%. Of the 3850 DNA samples, 1400 were also 
analyzed for the presence of 185delAG, T300G (C61G), and 4153delA mutations. As a result, 1 
carrier of the 185delAG mutation (frequency 0.07%), 3 carriers of the T300G mutation (frequency 
0.21%) and 6 carriers of the 4153delA mutation (frequency 0.43%) were detected.

Analysis of the complete coding sequence of the BRCA1 gene was conducted for 445 patients 
with early onset breast cancer (19-40 years). 35 carriers of the 5382insC mutation (7.9%) 
and 5 carriers of other pathogenic mutations (T300G, 4153delA, E143X, IVS18 + 1G> T and 
g.41256236_41256237delGG, one case each) were identified in the cohort of 445 patients with 
early onset breast cancer.
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Figure 1 shows the frequency of the 5382insC mutation among unselected breast cancer patients 
and in the cohort of early onset breast cancer patients in comparison with the frequency of this 
mutation in general population.

Figure 1. Frequency of the BRCA1 5382insC mutation in early onset breast cancer patients, unselected breast cancer 
patients, and in general population of Novosibirsk city

Conclusions
Data on the frequency of pathogenic mutations in the BRCA1 gene among unselected breast 

cancer patients in the Novosibirsk Region were obtained. The prevalence of the mutations among 
early breast cancer patients was studied. The 5382insC mutation occured 2.2 times more often in 
early breast cancer patients than among unselected breast cancer patients. Remarkably, the propor-
tion of the 5382insC mutation is 87.5% of all pathogenic mutations in the BRCA1 gene found in 
early breast cancer patients.
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MICRORNA-223 ROLE IN THE PATHOGENESIS OF CHRONIC 
LYMPHOCYTIC LEUKEMIA

R.R. Basharova1, O.V. Berezina1,3, M.L. Perepechaeva2, A.Yu. Grishanova2, 
T.I. Pospelova1,3, I.B. Kovynev1,3, M.M. Agakishiev3, I.N. Nechunaeva3

Novosibirsk State Medical University, Novosibirsk, Russia1

Institute of Molecular Biology and Biophysics FRC FTM, Novosibirsk, Russia2

City Hematological Center of the Municipal Clinical Hospital №2, Novosibirsk, Russia3

MicroRNAs are a promising class of molecular markers of tumor growth. The purpose of the 
study was to determine the the role of miR-223 in the pathogenesis of chronic lymphocytic leukemia 
(CLL). Real-time PCR was used to study the expression of miR-223 in 35 patients with CLL: in 
venous blood (plasma, lymphocytes, and extracellular vesicles) and in bone marrow. There were 
statistically significant differences in the expression of miR-223 among the groups of patients 
with different prognosis, stages of the disease, and responses to therapy. Progression of CLL was 
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associated with low expression of miR-223, indicating the involvement of this microRNA in the 
pathogenesis of the disease.

Keywords: chronic lymphocytic leukemia, microRNA, miR-223.

Importance
At present, microRNAs (miRs, miRNAs) are considered a promising class of molecular markers 

of tumor growth. Chronic lymphocytic leukemia (CLL) is the first documented example of the 
involvement of miRNA in cancer progression [1]. It is assumed that many miRNAs, including 
miR-223, take part in the pathogenesis of CLL and can be regarded as potential molecular markers 
of the disease. There have been a few publications of studies on the role of miR-223 in CLL, and 
the results are contradictory.

Purpose of the study: to determine the role of miR-223 in the pathogenesis of chronic 
lymphocytic leukemia.

Material and Methods
The study population consisted of 35 patients with CLL. The age of the patients was 63.37 

± 8.67 years (mean ± SD); 23 of them were men (66%), and 12 women (34%). Ten patients had 
stage A of the disease (29%), 19 patients stage B (54%), and six patients stage C (17%) [2]. Based 
on a molecular genetic test, 11 patients (31%) were classified as an unfavorable prognosis group, 
and a neutral prognosis was assigned to 24 patients (69%). Indications for treatment were found in 
21 patients (60%). Of these, 13 patients (62%) achieved an optimal response (partial or complete 
remission) to standard polychemotherapy, and eight patients (38%) experienced progression of 
the disease [3].

Total RNA was isolated from the venous blood (plasma, lymphocytes, and extracellular 
vesicles) and bone marrow of the patients using the TRIzol RNA extraction kit (Ambion, USA). 
MiRNA expression was evaluated by real-time PCR according to the TaqMan principle on an 
iCycler CFX96 Real-Time PCR Detection System (Bio-Rad Laboratories, USA). To evaluate the 
miR-223 expression, the ΔCT method was chosen. As a gene for normalization, small nuclear U6 
RNA was selected [4].

Statistical processing of data was carried out by means of a package of applied statistical software 
tools Statistica 10.0. Statistical significance of differences between the mean values was determined 
by Student’s t test and U test (Mann-Whitney test). To determine the relation between the levels 
of miRNA in the groups, the nonparametric Spearman correlation coefficient was calculated. The 
results were considered statistically significant at p<0.05.

Results
The expression of miR-223 in plasma was 83.7 ± 29.1, in lymphocytes 5.1 ± 2.52, in extracellular 

vesicles 125.14 ± 77.19, and in bone marrow 18.01 ± 4.17 (mean ± SD; arbitrary units). Differences 
did not reach statistical significance. In the general group of patients, a direct correlation of the 
mean strength between plasma and lymphocytes was observed (r=0.63, p <0.02). When CLL in 
peripheral blood significantly increases the numbers of lymphocytes, there is an increase in the 
level of miRNA in blood plasma [5].

In the unfavorable-prognosis group, expression of miR-223 in plasma was 1.4 ± 0.62, in 
lymphocytes 1.5 ± 0.57, in extracellular vesicles 9.65 ± 8.67, and in bone marrow 4.89 ± 3.15, 
whereas in the neutral prognosis group, these figures were 0.47 ± 0.31, 3.51 ± 1.69, 2.31 ± 1.47, and 
4.11 ± 2.83, respectively. The differences were statistically insignificant. In the group of patients with 
advanced stages of the disease (B and C), which also indicate progression of the disease, a decrease in 
the expression of miR-223 was observed as compared with the initial stage (A): in plasma, 0.4 ± 0.29 
versus 302.19 ± 172.83 (p≤0.002); in lymphocytes, 1.13 ± 0.68 versus 10.21 ± 3.35 (p≤0.04); and in 
bone marrow, 2.95 ± 0.94 versus 4.17 ± 1.77 (p≤0.01). MiR-223 has not been shown previously to 
change expression with the progression of CLL, and in some cases, its decline has been documented, 
as is the case for such B-cell cancers as lymphoma of the mantle zone and lymphoma of the marginal 
zone, which is associated with epigenetic «silencing» of some genes [6, 7].

The response to treatment is one of the predictors of long-term outcome of a disease. During 
comparison of the two groups, it was noted that patients who did not achieve the optimal response 
to treatment had a low level of miR-223 before initiation of treatment as compared to patients who 
attained partial or complete remission: in plasma, 0.67±0.15 vs. 0.94±0.89 (р≤0.04), in extracellular 
vesicles 2.3±1.03 vs. 12.11±3.46 (р≤0.001), and in bone marrow 15.06±4.21 vs. 65.16±17.36 
(p≤0.01). These data are consistent with the results of some studies [8, 9] showing that a decrease 
in the level of miR-223 is a marker of unfavorable prognosis and resistance to treatment.
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Conclusions
MiR-223 was present in all the analyzed blood components (plasma, lymphocytes, and 

extracellular vesicles) and bone marrow in patients with CLL. Progression of CLL is associated 
with low expression of miR-223; this finding points to the participation of this miRNA in the 
pathogenesis of the disease. Patients with CLL who have a low level of miR-223 in bone marrow, 
extracellular vesicles, and plasma before the start of chemotherapy statistically significantly do 
not achieve an optimal response to treatment.

We thank the Proteomic Analysis Center of the Institute of Molecular Biology and Biophysics of the 
Federal Research Center for Fundamental and Translational Medicine for access to equipment
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POLYMORPHISM OF GENES OF INFLAMMATORY CYTOKINES 
(IL1B, IL6) AND GENES CONTROLLING CELL CYCLE OR 

APOPTOSIS (CASP8, TP53) IN GASTRIC CANCER: 
A PROSPECTIVE «CASE-CONTROL» STUDY IN SIBERIA

A.V. Belkovets1, S.A. Kurilovich1,2, Y.I. Ragino1, V.N. Maksimov1, L.V. Scherba-
kova1, M.I. Voevoda1

Research Institute of Internal and Preventive Medicine – Branch of the Institute of Cytology and Genetics, 
Siberian Branch of Russian Academy of Sciences, Novosibirsk, Russia1

Novosibirsk State Medical University, Novosibirsk, Russia2

Background
Genetic polymorphism of some inflammatory cytokines (IL1B, IL6) is associated with the risk of 

developing specific, H. pylori-associated diseases, including atrophic gastritis (AG) and gastric cancer (GC). 
AG is the main precursor lasions of gastric cancer. Noninvasive biomarkers such as pepsinogen I (PG) 
and PGI/PGII ratio are used for screening AG. Some studies have shown that the polymorphism 
of genes controlling cell cycle or apoptosis (CASP8, TP53) is associated with GC risk.

Aim: to study the association of 511C/T (rs16944) IL1B and 174G/C IL6 genes polymorphism, the 
Arg72Pro 4 polymorphism of the TP53 gene and -652 6N ins/del of the promoter variant (rs3834129) 
of the CASP8 gene with GC and biomarkers of mucosal atrophy in patients with GC in population-based 
prospective case-control study in the Siberian population (8 years follow up).

Material and Methods
In the context of international project HAPIEE general population sample was surveyed in No-

vosibirsk in 2003-2005 (9360 subjects aged 45-69 years), and a base of biomaterials was created. 
Serum and DNA samples were deeply frozen and stored. In 2012 this database was compared with 
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the data of the Population Cancer Registry. For each case of GC, an appropriate control case was 
selected at the ratio 1:2 matching the area of residence, sex and age. Finally 156 serum samples 
(52 - GC group and 104 – control) were available for the analysis using a panel of serum biomark-
ers “Gastropanel” (Biohit, Finland) and 146 DNA samples (50 - GC group and 96 - control) were 
genotyped according to the published method. Serum samples were tested using diagnostic kit for 
enzyme-linked immunosorbent assays to determine the levels of pepsinogen I (PGI), PGII, PGI/
PGII ratio, gastrin-17 and IgG antibodies to H.pylori. The standard criteria for the diagnosis of 
AG were used according to manufacturer’s instructions.

Results
The frequency of studied genotypes in the control group did not deviate from Hardy-Weinberg 

equilibrium. Frequency T/T genotype of the IL1В was found significantly higher in the GC group 
(16.3%) compared with the control (5.4%) (p=0.03). The T/T genotype was associated with sig-
nificantly increased risks of GC compared with the C/C genotype (OR=3.4; 95% СI: 1.0-11.0, 
р=0.03). It was shown that rare T allele carriers have increased risk GC development (OR=1.69; 
CI: 1.01-2.81, р=0.04) in comparison with wild C allele carriers (OR=0.59; CI: 0.36-0.99, р=0.04). 
The mean levels of PGI and PGI/II ratio in persons with T/T genotype were significantly lower in 
GC group than in control (41.3±31.8 µg/l and 4.1±2.9 vs. 131.0±57.2 µg/l and 7.0±2.8; p=0.0001 
and p=0.05 respectively). There were no differences in the frequency of IL6 genotypes between the 
groups «case» and «control». However, the average level of PGI at genotype G/G was aproximately 
2 times lower in the case group compared to the control group (52.0±43.7 µg/l vs. 100.4±54.9 
µg/l, p=0.008). There was no difference between the frequencies of CASP8 and TP52 genotypes 
in patients with GC and control group. Mean values of PGI and PGI/PGII ratio were significantly 
lower in the GC group than in the control group for the ins/del CASP8 genotype (p = 0.036 and 
p=0.001, respectively).

When conducting multivariate regression analysis with the inclusion of both quantitative and 
categorical variables in the model, the PGI/PGII ratio (B= -0.726; p<0.001; OR=0.484; 95% CI 
0.332-0.706) and T/T genotype of TP53 were significant in the model. The carriers of the geno-
type T/T of the gene IL1В had increased risk of GC compared to carriers of the genotype C/C 
(B=3.322; p=0.028; OR=27.704; 95% CI 1.424-539.049). On the contrary, the GC risk was lower 
in the carriers of pro/pro variant of the ТР53 gene than in the carriers of the arg/arg genotype ТР53 
(B=-3,178; p=0.037; OR=0.042; 95% CI 0.002-0.820).

Conclusion
IL1В polymorphism (rs16944) is associated with an increased risk of GC in the population of 

Western Siberia. The relationship of polymorphisms of 174G/C IL6 gene, -652 6N ins/del of the 
CASP8 gene and Arg72Pro of TP53 gene with GC risk developing has not been found. However, 
polymorphism 174G/C of the IL6 gene is associated with atrophic gastritis and the carriers of pro/
pro variant of the ТР53 gene have lower GC risk (multivariate regression analysis). It is necessary 
to continue research to confirm their significance.

Keywords: atrophic gastritis, gastric cancer, polymorphism, inflammatory cytokines, 

genes, IL1B, IL6, apoptosis, TP53, CASP8, pepsinogenes, H. pylori.

REFERENCES
1. Agréus L., Kuipers E.J., Kupcinskas L., Malfertheiner P., Di Mario F., Leja M., Mahachai V., Yaron N., van Oijen M., Perez Perez G., 

Rugge M., Ronkainen J., Salaspuro M., Sipponen P., Sugano K., Sung J. Rationale in diagnosis and screening of atrophic gastritis with 
stomach-specific plasma biomarkers. Scand J Gastroenterol. 2012 Feb; 47(2): 136-47. doi: 10.3109/00365521.2011.645501.

2. Mocellin S., Verdi D., Pooley K.A., Nitti D. Genetic variation and gastric cancer risk: a field synopsis and meta-analysis. Gut. 
2015 Aug; 64(8): 1209-19. doi: 10.1136/gutjnl-2015-309168.

3. Chen D., Ma T., Liu X.W., Liu Z. CASP-8-652 6N ins/del polymorphism and cancer risk: a literature-based systematic HuGE 
review and meta-analysis. Exp Ther Med. 2012 Oct; 4(4): 762-770.

4. Liamarkopoulos E., Gazouli M., Aravantinos G., Tzanakis N., Theodoropoulos G., Rizos S., Nikiteas N. Caspase 8 and caspase 9 
gene polymorphisms and susceptibility to gastric cancer. Gastric Cancer. 2011 Oct; 14(4): 317-21. doi: 10.1007/s10120-011-0045-1.

5. Kamp W.M., Wang P.Y., Hwang P.M. TP53 mutation, mitochondria and cancer. Curr Opin Genet Dev. 2016 Jun; 38: 16-22. doi: 
10.1016/j.gde.2016.02.007.

6. Xiang B., Mi Y., Li T.F., Liu P.F. Updated Meta-analysis of the TP53 Arg72Pro Polymorphism and Gastric Cancer Risk. Asian 
Pac J Cancer Prev. 2012; 13(5): 1787-91.

7. Belyavskaya V.A., Vardosanidze V.K., Smirnova O.Y., Karakin E.I., Savkin I.V., Gervas P.A., Cherdyntseva N.V., Voevoda M.I. Genetic 
status of p53 in stomach cancer: somatic mutations and polymorphism of the 72 codon. Bull Exp Biol Med. 2006 Feb; 141(2): 243-6.

8. Du Y., Gao L., Zhang K., Wang J. Association of the IL6 polymorphism rs1800796 with cancer risk: a meta-analysis. Genet Mol 
Res. 2015 Oct 27; 14(4): 13236-46. doi: 10.4238/2015.October.26.20.

9. Wang J., He W., Liu J., Nong L., Wei Y., Yang F. Association of IL-6 polymorphisms with gastric cancer risk: evidences from a 
meta-analysis. Cytokine. 2012 Jul; 59(1): 176-83. doi: 10.1016/j.cyto.2012.03.032.

10. El-Omar E.M., Carrington M., Chow W.H., McColl K.E., Bream J.H., Young H.A., Herrera J., Lissowska J., Yuan C.C., Roth-
man N., Lanyon G., Martin M., Fraumeni J.F.Jr., Rabkin C.S. Interleukin-1 polymorphisms associated with increased risk of gastric 
cancer. Nature. 2000. 404: 398–402. doi: 10.1038/35006081.



1317–19 September, 2018

PROCEEDINGS OF THE INTERNATIONAL SYMPOSIUM

11. Machado J.C., Pharoah P., Sousa S., Carvalho R., Oliveira C., Figueiredo C., Amorim A., 
Seruca R., Caldas C., Carneiro F., Sobrinho-Simões M. Interleukin-1β and interleukin-1RN poly-
morphisms are associated with increased risk of gastric carcinoma. Gastroenterology. 2001 Oct; 
121(4): 823-9.

SALIVARY CYTOKINE LEVELS IN LUNG 
CANCER DEPENDING ON THE TUMOR SIZE

L.V. Bel’skaya1, V.K. Kosenok1,2

KhimServis LLC, Moscow, Russia1

Omsk State Medical University, Omsk, Russia2

In this study we have investigated the level of cytokines and acute-phase proteins in saliva of 
patients with lung cancer in dependence on the tumor size. The case-control study included 121 
patients, which were divided into 3 groups: the main group (patients with diagnosed lung cancer, 
n = 70), the reference group (patients with non-malignant lung pathologies, n = 12) and the control 
group (conditionally healthy individuals, n = 39). All participants answered the questionnaire, un-
derwent biochemical study of saliva and histological verification of the diagnosis. The content of 
IL-2 and IL-4 in saliva was reduced in both lung cancer and inflammatory lung diseases, whereas 
the levels of IL-18, IL-8 and TNF-α were decreasd in lung cancer and increased in non-malignant 
pathologies. Tumor progression was accompanied by an increase in the level of proinflammatory 
cytokines (IL-6, IL-8, IL-18, TNF-α), whereas the levels of IL-2, IL-4 and IL-10 were decreased. 
Although saliva levels of C-reactive protein and tumor markers were increased in lung cancer, 
they did reach the level of statistical significance as compared with the reference group. Thus, 
with the only exception of IL-2 and IL-4, the saliva levels of cytokines in lung cancer patients 
insignificantly differed from the control group.

Keywords: Cytokines, C-reactive protein, Saliva, Lung cancer.

Optimization of methods for diagnostics and prediction of lung cancer, which is the most com-
mon malignancy in worldwide, still remains a challenge. It is known that acute-phase proteins 
(such as C-reactive protein) and cytokines (such as IL-6) can be more easily detected in saliva 
than in blood serum or plasma. Since cytokines from saliva can accumulate over time, their levels 
can be detected more effectively than those of cytokines in blood. Saliva is most widely used for 
the diagnostics of oral cavity diseases including cancer. However, in the case of lung diseases 
salivary cytokines were used only in diagnostics of tuberculosis. Nevertheless, there is evidence 
that diagnosis of lung cancer may include the following potentially informative cytokines: IL-2, 
IL-4, IL-6, IL-8, IL-10, IL-18, tumor necrosis factor-α (TNF-α), and C-reactive protein (CRP). 
Thus, the aim of this study was to evaluate the level of cytokines and CRP in saliva of patients 
with lung cancer in dependence of tumor sizes.

Material and Methods
The case-control study included 82 patients from the Omsk Clinical Oncology Center and 39 

healthy people selected as the control group. The main group consisted of 70 patients with lung 
cancer (squamous cell carcinoma – 27, adenocarcinoma – 32, neuroendocrine tumors – 11); the 
reference group consisted of 12 patients with non-malignant pulmonary pathology (tuberkulema – 
4, pnevmofibros – 3, inflammatory pseudotumor – 2, pneumonia – 3). The control group consisted 
of conditionally healthy patients without lung pathologies. The average age of patients was 59.2 
± 1.1 years for the main group, 56.0 ± 2.1 years for the reference group, and 52.1 ± 2.5 years for 
the control group. The inclusion criteria were: the age of patients (30-75 years old), no previous 
treatment including surgery, chemotherapy or radiotherapy at the time of the study, absence of 
signs of active infection (including purulent processes) and conduction of oral cavity sanation. The 
exclusion criterion was the absence of histological verification of the diagnosis.

Samples of saliva were collected in the morning after overnight fast by spitting into sterile tubes, 
followed by centrifugation at 8500 g. The content of salivary cytokines (in pg/mL) (IL-2, IL-4, IL-6, 
IL-8, IL-10, IL-18, TNF-α) and CRP (in mU/L) was determined by the enzyme-linked immuno-
sorbent assay method. The study was approved at a meeting of the Local Ethics Committee of the 
Omsk Regional Clinical Hospital «Clinical Oncology Center» on July 21, 2016 (Protocol no. 15).
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The statistical analysis was made using Statistica 10.0 (StatSoft, USA) and R (version 3.2.3) 
software using the nonparametric Wilcoxon test in dependent groups, and the Mann-Whitney U 
test in independent groups. Results were expressed as the median (Me) and the interquartile range 
in the form of the 25th and 75th percentile [LQ; UQ]. Differences were considered as statistically 
significant at p < 0.05. 

Results
The study revealed that lung cancer caused a decrease in the levels of IL-2, IL-4, IL-18, IL-8 

and TNF-α, whereas the levels of IL-6 and IL-10 were increased. However, statistically significant 
differences were found only for IL-4 and TNF-α (Table 1). It should be noted that the increased 
level of IL-18 in the reference group differed from both the main group (p = 0.0472) and the con-
trol group (p = 0.0327).

Table 1

Cytokines level in saliva of patients from investigated groups

Parameter Control Lung Cancer Comparison group
IL-2 1.42 [0.88; 1.88] 1.16 [0.70; 2.36] 0.98 [0.62; 1.85]
IL-4 1.21 [0.43; 1.68] 0.69 [0.23; 1.54] 0.89 [0.31; 1.59]

- p1=0.0461 -
IL-6 0.72 [0.55; 1.60] 0.97 [0.49; 2.49] No data
IL-8 159.42 [83.61; 223.61] 108.00 [60.30; 214.00] 184.42 [156.04; 310.09]
IL-10 1.81 [0.99; 2.31] 2.01 [1.18; 2.90] 1.76 [1.04; 2.46]
IL-18 18.45 [7.40; 36.90] 13.60 [4.79; 56.40] 99.10 [43.80; 176.00]

- - p1=0.0327; p2=0.0472
TNF-α 2.36 [1.37; 3.09] 0.884 [0.487; 1.880] 2.73 [0.92; 3.25]

- p1=0.0060 -
CRP 0.020 [0.015; 0.034] 0.028 [0.015; 0.056] 0.023 [0.013; 0.104]

Note. p1 – statistically significant differences as compared to the control group, p2 – differences with the main group

During the next stage of the study, the main group was subdivided according to histological 
types of lung cancer. For all histological types of lung cancer, the levels IL-4, IL-18, IL-8, and 
TNF-α were lower, whereas the level of IL-6 was higher than those of the control group. It is 
interesting to note that the levels of IL-2 and CRP were changed differently for the non-small cell 
and neuroendocrine lung cancer. An increase in the level of IL-2 was accompanied by a decrease 
in the CRP concentration in case of neuroendocrine tumors and vice versa for adenocarcinoma 
and squamous cell lung cancer.

It is interesting to consider the dynamics of concentration of the studied parameters depending 
on the tumor size (Table 2). In this context cytokines were subdivided into 2 groups according 
to the nature of concentration changes. During disease progression, the levels of IL-6, IL-8 and 
Il-18 were increased, while the levels of IL-2, IL-4 and IL-10 were decreased. It should be noted 
that the detected decrease in the cytokine level was statistically significant in the case of IL-2 (p 
= 0.0410), IL-4 (p = 0.0193) and IL-10 (p = 0.0485). The CRP level increased with increasing the 
tumor size (p = 0.0367).

Table 2

Dynamics of cytokines in saliva depending on the size of the tumor

Parameter T1N0-3M0-1, n=9 T2N0-3M0-1, n=30 T3N0-3M0-1, n=21 T4N0-3M0-1, n=10

IL-2 2.61
[1.66; 4.94]

1.11
[0.64; 2.13]

1.14
[0.81; 2.73]

1.02
[0.60; 2.52]

- p=0.0069 p=0.0404 p=0.0410
IL-4 1.47

[0.68; 2.00]
1.00

[0.16; 1.66]
0.53

[0.20; 1.05]
0.73

[0.35; 1.16]
- - p=0.0193 -

IL-6 0.86
[0.56; 3.93]

0.75
[0.44; 2.34]

1.18
[0.33; 1.81]

4.17
[4.00; 4.33]

IL-8 68.90
[54.40; 171.50]

130.00
[66.58; 249.00]

98.20
[51.70; 160.16]

151.00
[117.00; 331.72]

IL-10 2.71
[1.93; 13.10]

2.01
[0.91; 2.65]

2.09
[1.29; 3.03]

1.78
[1.33; 2.41]

- p=0.0486 - p=0.0485
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Parameter T1N0-3M0-1, n=9 T2N0-3M0-1, n=30 T3N0-3M0-1, n=21 T4N0-3M0-1, n=10

IL-18 19.10
[9.68; 60.55]

9.80
[4.28; 68.90]

11.50
[4.59; 33.80]

42.40
[13.60; 170.00]

CRP 0.017
[0.015; 0.020]

0.024
[0.015; 0.041]

0.033
[0.012; 0.121]

0.044
[0.024; 0.056]

- - - p=0.0367
TNF-α No data No data 0.88

[0.49; 1.71]
1.26

[0.42; 1.90]
Note. p – statistically significant differences compared to the group T1N0-3M0-1

Conclusions
Our data showed that the cytokine levels in the saliva of lung cancer patients and healthy indi-

viduals did not differ statistically. It was demonstrated that the content of IL-2 and IL-4 in saliva 
was reduced in both lung cancer and inflammatory lung diseases, whereas the levels of IL-18, 
IL-8 and TNF-α were decreased in lung cancer and were increased in non-tumorous pathologies. 
Tumor progression caused an increase in the content of proinflammatory cytokines (IL-6, IL-8, IL-
18, TNF-α) and decrease in the levels of IL-2, IL-4 and IL-10. The increased levels of C-reactive 
protein and tumor markers were observed in lung cancer; however, differences in these levels in 
inflammatory lung diseases were insignificant. 

PRECLINICAL STUDIES OF THE DNA VACCINE 
AGAINST MELANOMA

E.A. Borobova1,2, D.V. Antonets1, E.V. Starostina1, S.F. Oreshkova1, 
D.N. Shcherbakov1, O.Yu. Smirnova1, S.I. Bazhan1, A.A. Ilyichev1, 
L.I. Karpenko1, E.D. Danilenko1, S.G. Gamalei1, S.V. Usova1, 
M.P. Bogryantseva1

Siberian Research Center of Virology and Biotechnology «Vector», Novosibirsk, Russia1

E.N. Meshalkin National Medical Research Center, Novosibirsk, Russia2

Melanoma is the most aggressive and dangerous skin cancer. It is characterized by rapid growth 
and high incidence of metastasis. Melanoma cells have tumor antigens on their surfaces. Thereby, it 
is possible to create an effective therapeutic vaccine against melanoma. We created the allele-specific 
MEL-TCI construct which includes epitopes restricted with HLA-A*02:01. We demonstrated that 
the designed genetic constructs provided synthesis of respective mRNAs and proteins in a culture 
of transfected eukaryotic HEK-293T cells. Dendritic cells from HLA-A*02:01+ donors transfected 
with DNA vaccine constructs induced autologous T-lymphocytes to develop a specific cytotoxic 
activity to Mel Is melanoma cells in the model of T-cell response induction ex vivo.

Keywords: melanoma, anti-tumor DNA vaccine, T-cell epitopes, 
artificial polyepitope antigens, cytotoxic response.

Background
Melanoma is the most dangerous malignant skin cancer. It accounts for only 1% of all malignant 

skin tumors, nevertheless causing 80% fatalities. The standard methods of melanoma treatment achieve 
positive results, but fail to increase the patients’ survival rate. The high mortality and low treatment 
efficiency necessitate development of new approaches to efficiently control melanoma [1].

High immunogenicity of melanoma cells seems to be quite important. Researchers described a 
number of highly immunogenic protein antigens (Melan-A/MART-1, gp100, tyrosinase, MAGE-3, 
and NY-ESO-1) that are specific to melanoma and several other cancer types but are absent (or 
virtually absent) in normal cells of human organism [2, 3]. High immunogenicity of melanoma 
cells enables to develop immunotherapeutic strategies to this disease based on advancements in 
the modern molecular immunology, bioinformatics, and cell technologies. DNA vaccination is one 
of the most attractive approaches as it induces activation of cytotoxic CD8+ T-lymphocytes that 
are the main effector cells of antitumor immune response [4].
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The aim of the study was to design artificial polyepitope immunogen comprising variety of T-cell 
epitopes from melanoma antigens, develop a candidate DNA vaccine on their base and evaluate 
their antitumor response within the system of T-cell response induction ex vivo.

Material and Methods
The prediction of T-cell epitopes and design of sequence of an allele-specific T-cell immunogen 

MEL-TCI were performed using software TEpredict and PolyCTLDesigner [5, 6]. The designed 
gene was synthesized (Evrogen LLC, Russia) and then cloned in pcDNA3.1 plasmid which is a 
eukaryotic expression vector. The sequence of cloned gene was verified in sequence analysis.

Evaluating target gene expression in HEK-293T cells transfected with pMEL-TCI was per-
formed by means of three methods: (1) detection of synthesis of specific mRNA in transfected 
HEK-293T cells; (2) immunochemical staining of transfected cells and (3) immunoblotting using 
MAb to Gag-epitope.

Analysis of antitumor activity of pMEL-TCI was performed ex vivo using peripheral blood 
mononuclear cells obtained from HLA-A*0201 positive donors. Immunogenic activity was ana-
lyzed using flow cytometry analysis. Cytotoxic activity of effector cells was detected using the 
colorimetric method of quantitative estimation of the lactate-dehydrogenase content, i.e. cytosolic 
ferment released from lysed tumor cells.

Results
In the study we approved that the designed DNA vaccine construct MEL-TCI provide synthesis 

of the target mRNA and proteins in the transfected eukaryotic cell culture HEK 293T. The results 
of evaluating cytotoxic activity in the designed vaccine - pMEL-TCI - demonstrated its capability 
to induce lysis of Mel Is melanoma cells that was estimated in the system of T-cell response induc-
tion ex vivo. Tumor-specific immune response correlated with capability of vaccine constructs to 
induce granzyme B synthesis in the co-culture of PBMC and DC. We also carried out pre-clinical 
studies of the designed DNA vaccine pMEL-TCI in mice and guinea pigs. It was shown the ab-
sence of toxic and immunotoxic properties. We approved that there was no any negative influence 
on reproductive function and mutagenic effect in Eimes test. Studies on rabbits showed that the 
vaccine pMEL-TCI was not pyrogenic.

Conclusion
Using computer approaches to predict T-cell epitopes and design polyepitope antigens we have 

been able to develop DNA vaccine - MEL-TCI - capable of inducing synthesis of relevant proteins 
in human cells and a specific immune response to human melanoma cells. Pre-clinical studies 
showed that the vaccine pMEL-TCI does not affect negatively the physiological, biochemical and 
morphological parameters of immunized animals. So the designed DNA vaccine pMEL-TCI is 
completely safe for using in clinical practice.
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CIRCULATING CELL-FREE NUCLEIC ACIDS IN BLOOD 
PLASMA OF LUNG CANCER PATIENTS EXPOSED TO RADON

O.V. Bulgakova, A.A. Kussainova, A.Zh. Kausbekova, R.I. Bersimbaev

L.N. Gumilyov Eurasian National University, Institute of Cell Biology and Biotechnology, 
Astana, Kazakhstan

Lung cancer causes aproximately 1.3 million deaths/year worldwide. Radon is one of the 
most powerful carcinogens especially in terms of lung cancer onset and development. Almost the 
whole eastern and northern part of Kazakhstan is potentially radon-affected area. Accordingly, the 
population of Kazakhstan might be exposed to radon. Recently, circulating cell-free nucleic acids 
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in biological liquids have been considered as potential biomarkers in various diseases including 
lung cancer. 136 subjects were examined including 49 radon-exposed lung cancer patients, 37 lung 
cancer patients without radon exposure and 50 age-genders matched healthy controls. Total RNA 
from blood samples was extracted and used to detect miR-19b-3p and miR-125b-5p expression by 
quantitative real-time polymerase chain reaction (qRT-PCR). Plasma miR-19b-3p and miR-125b-5p 
levels were significantly higher in the lung cancer patients’ groups compared with healthy control 
(P<0.0001 and P<0.01 respectively). No other statistically significant differences were found in the 
expression level of miRNAs in blood plasma between patients diagnosed with lung cancer exposed 
to radon and not exposed to radon. Therefore plasma miR-19b-3p and miR-125b-5p levels could 
be used as noninvasive biomarkers for detection of lung cancer but not for radon impact.

Keywords: circulating cell-free nucleic acids, miRNA, lung cancer, biomarker, miR-19b-3p, 
miR-125b-5p, radon.

Introduction
Lung cancer is the leading cause of cancer-related mortality in Kazakhstan [1]. According to 

the World Health Organization [2], epidemiological studies have provided strong evidence for 
correlations between exposure to indoor radon and lung cancer even at the relatively low levels 
of radon commonly found in residential buildings. Northern Kazakhstan territory has number of 
factors that determine natural and man-made manifestations of elevated radioactivity. Granitic 
rocks, which contain a large amount of uranium, are also active sources of radon in this area [3]. 
Recently, microRNAs (miRNAs), circulating cell-free nucleic acids in biological liquids, have been 
considered as potential biomarkers in various diseases. In cells, miRNAs present as short (18-22 
nucleotides), non-coding molecules involved in post-transcriptional gene regulation, messanger 
RNA degradation and/or translation inhibition. Circulating miRNAs, passively leaked or actively 
transported outside cells, can be stably detected in blood and may be proposed as biomarkers for 
diagnosis, prognosis or monitoring curative effect in various cancers including lung cancer [4]. 
The aim of this study is to determine the alterations in circulating cell-free miRNAs in the plasma 
of lung cancer patients exposed to radon.

Material and Methods
A total of 136 subjects were examined, including, (a) 49 radon-exposed lung cancer patients 

(RLC); (b) 37 lung cancer patients without radon exposure (LC); (c) 50 healthy controls (C). The 
study was approved by the Ethical Committee of the Semey State Medical University, Kazakhstan. 
Total RNA from blood plasma was isolated using the miRCURY RNA Isolation Kit – Biofluids 
(#300112, EXIQON, Vedbaek, Denmark) in accordance with the protocol. The expression level of 
miR-19b-3p and miR-125b-5p was determined by evaluating the level of fluorescence emitted by 
SYBRGREEN tracer using MiRCURY LNATM UNIVERSAL RT microRNA PCR LNATM kit 
(#204450, #205713, EXIQON, Vedbaek, Denmark). Gene expression was normalized to RNU6B 
(#203907, EXIQON, Vedbaek, Denmark). All reactions were carried out in triplicate, and the 2−ΔΔCt 
method (ΔCT = CTmiR - CTU6) was used to quantify the relative miRNA amount [5]. Measurement 
of radon activity was conducted in accordance with the Rapid Measurement Method of radon and 
thoron using a Canary 222 Digital Electronic Radon Gas Monitor (LR-03) radiometer (Corentium 
AS, Norway). The annual effective dose (H) was calculated according to Quarto et al. [6]. Data 
were analyzed by one-way ANOVA with multiple comparison test with 95% confidence intervals 
using the GraphPad Prism 6 program. (La Jolla, CA, USA).

Results and Discussions
MiR-19b-3p expression level in the plasma of lung cancer patients with and without radon 

exposure. The total circulating microRNA was isolated from blood plasma using the protocol 
described above and divided to three groups: patients diagnosed with lung cancer living in areas 
with a radon concentration below 200 Bq/m3 for at least 5 years; patients diagnosed with lung 
cancer who had been exposed to high doses of radon for 5 years and a control group consisting of 
healthy individuals, who did not have pulmonary pathology and lived in the area with a low levels 
of radon. miR-19b-3p expression level in patients of RLC group was 6.5 times higher (P<0.0001) 
than in control group. In group of lung cancer patients without radon exposure, the expression 
level of the same miRNA was 6.9 times higher (P<0.0001) compared to miR19b-3p level detected 
in the blood plasma of healthy individuals.

MiR-125b-5p expression level in the plasma of lung cancer patients with and without radon 
exposure. The level of miR-125b-5p expression in all three groups is shown in Figure 1.
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Figure 1. Relative expression level of miR-125b-5p in the plasma of lung cancer patients exposed (RLC) and not 
exposed (LC) to radon in comparison with the control group (C). *P<0.01vs C

The relative expression level of miR-125b-5p in lung cancer patients was 4 times higher than that 
in healthy people (p <0.01). However, the comparative analysis of miR-125b-5p blood expression 
level in radon-exposed lung cancer patients (RLC) and in the control group (Control) revealed no 
significant difference between the two groups.

Thus, the results obtained suggest that miRNAs miR19b-3p and miR-125b-5p play an important 
role in cancer development. However, according to the given study, these miRNAs are inappropriate 
to be utilized as a hallmark of radon impact.
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CARCINOGENICITY OF ENVIRONMENTAL SUBSTANCES AS 
PARATHION AND MALATHION IN BREAST CARCINOGENESIS

G.M. Calaf

Instituto de Alta Investigación, Universidad de Tarapacá, Arica, Chile and Columbia University Medical 
Center, NY, USA

Environmental chemicals seem to be involved in the etiology of breast cancers. Studies have 
addressed the association between human cancer and agricultural pesticide exposure. For example 
the organophosphorous pesticides have been used extensively to control mosquito plagues. Among 
them, parathion (P) and malathion(M) have been extensively used. They have many structural 
similarities with naturally occurring compounds, and their primary target of action in insects is the 
nervous system; they inhibit the release of the enzyme acetylcholinesterase at the synaptic junction. 
We have analyzed the effect of these pesticides on phenotypic and molecular characteristics of 
cells in a) rat mammary gland and lung in vivo systems and b) in the normal breast epithelial cell 
line MCF-10F. There were four experimental groups: control, either M or P, estrogen (E)and M 
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or P plus E treated for 5 days and sacrificed after 30, 124 and 240 days. Results showed that a) P 
and M increased cell proliferation of terminal end buds of the 44-day-old mammary gland of rats, 
followed by formation of mammary carcinomas after about 28 months. Studies showed progressive 
alterations in a) mammary gland in number of ducts in stage of proliferation (dsp) and secretory 
lobules (SL) per mm2; alveoli of lung in stage of proliferation (asp), formation of lymphatic cell 
aggregates (LCA) (µm2) and preneoplasias in bronchiolar epithelium and carcinoma in situ. M+E 
showed significantly (p<0.05) higher number of dsp, SL, asp, LCA and pre-neoplasias and a sig-
nificant (p<0.05) increase in Rho-A, c-Erb2, c-fos, mp53 and CYP1A2 protein expression after 
240 days in treated groups and tumors. In vitro studied showed that P, M in combination with E 
induced malignant transformation of MCF-10F indicated by increased cell proliferation, invasive 
capabilities and changes in protein expression as shown by increased Rho-A and mutant p53, beta 
catenin in comparison to control. cDNA human cancer array revealed 17 out of a total of 408 genes 
affected by pesticides, all involved in the regulation of cell cycle, cell growth, signal transduc-
tion pathways. Results indicated that P, M and E treatment increased c-Ha-ras gene expression 
corroborated by protein expression. A cDNA gene expression array of human drug metabolism 
included functional genes related with metabolism of drugs, chemical, hormones and micronutri-
ents and showed that MCF-10F cells treated with P and E increased gene expression cytocrome 
P450 (CYPs), gluthation S-transferase, metallotionein IX, metyltransferase, sulfotransferase in the 
epithelium of mammary glands well as human breast epithelial cells.

Keywords: gene, malignant transformation, malathion, parathion, breast epithelial cells.
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INCREASE IN THE CONCENTRATION OF IL-8 IN LOCAL 
FLUIDS, AS AN ADDITIONAL CRITERION FOR THE DIAGNOSIS 

OF CHOROIDAL MELANOMA

M.A. Chernyavskaya, V.V. Atamanov

Federal State Autonomous Institution «S.N. Fedorov National Medical Research Center «MNTK «Eye 
Microsurgery» of Ministry of Health of the Russian Federation» Novosibirsk branch, Novosibirsk, Russia

Choroidal melanoma is difficult to detect in early stages due to asymptomatic tumor growth 
in most cases. The aim of the study was to determine the concentration of interleukin-8 in the 
tear fluid of patients with choroidal melanoma. Material and Methods. The concentration of 
interleukin-8(IL-8) in tear fluid was detrmined in 36 patients diagnosed with choroidal melanoma. 
Results and discussion. Choroidal melanoma was diagnosed when the IL-8 concentration in the 
tear fluid of the affected eye or paired «healthy» eye was above 17.7pg/ml.

Keywords: Choroidal melanoma, interleukin-8, cytokine.

Background
Choroidal melanoma is the most commonly diagnosed primary intraocular malignancy (80−90%) 

[2, 6]. Choroidal melanoma in early stages is diagnosed infrequently, and systemic metastases 
appear in 40% of cases within 5 years. Approximately 30−50% of patients die within 10 years of 
diagnosis and treatment [1]. In the treatment of small choroidal melanoma, the 5-year mortality is 
12% [6, 9]. Cancer can metastasize before the onset of eye symptoms (about 2% of cases) [5, 10]. 
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Factors that worsen prognosis are as follows: patient's age, histological type, tumor location and 
size, tumor spread beyond the primary site of tumor [1, 4].

The aim of the study was to dtermine the concentration of proinflammatory cytokine 
interleukin-8 in tears of patients with choroidal melanoma.

Material and Methods
The study included 36 patients with choroidal melanoma in the 34-83 age range (mean age, 60 

years), who were treated at S.N. Fedorov National Medical Research Center «Eye Microsurgery». 
The IL-8 content in tear fluid was determined using a solid-phase immunoassay (ELISA) method 
based on the «sandwich» principle, using the commercial set of the Vector-Best test system 
(Novosibirsk) according to the protocol recommended by the manufacturer. Twenty healthy 
volunteers of the same age, who did not have ophthalmologic disease and bacterial and viral 
infections served as controls. Statistical analysis was carried out using software R [8].

Results and Discussion
Choroidal melanoma was diagnosed when IL-8 concentration in the tear fluid of the affected 

eye or paired «healthy» eye was above 17.7 pg / ml.
The mean concentrations of IL-8 in the lacrimal fluid in the eye affected by the choroidal 

melanoma and in the paired «healthy» eye were 19.4 (18.8, 20.7) pg / ml and 19.4 (18.8, 23, 5) 
pg / ml, respectively. These values were above the threshold concentration of 17.7 pg / ml, thus 
confirming the presence of choroidal melanoma. The mean concentration of IL-8 in the control 
group was 10.9 (9.1, 13.7) pg / ml, which was below the threshold diagnostic concentration of 
17.7 pg / ml, thereby confirming the absence of choroidal melanoma.

Figure 1 presents the results of the ROC (Receiver Operator Characteristic) analysis of the 
IL-8 concentration in the lacrimal fluid, where the sensitivity is plotted on the ordinate axis (the 
probability of truly positive cases with choroidal melanoma, i.e, if IL-8 value is more than 17.7 
pg / ml, the patient has a tumor in 100% of cases), and the abscissa presents the specificity of the 
analysis (the probability of a false positive results, that is, if IL-8 value is less than 17.7 pg / ml, 
the patient does not have a tumor ). The more accurate the test, the closer the area of the ROC 
curve to 1.0; in this case the area of the ROC curve is 1.

 

Figure 1. Receiver Operator Characteristic-curve

Conclusion
Thus, the increased level of interleukin-8 (higher than 17.7 pg/ml) in the tear fluid of the eye 

affected by choroidal melanoma and in the paired «healthy» eye is an additional criterion for the 
detection of choroidal melanoma. The proposed method is applicable in patients with suspected 
choroidal melanoma and has a very high diagnostic accuracy.
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THE ROLE OF KI-67 PROLIFERATIVE INDEX IN THE 
PROGNOSIS OF LOCALLY ADVANCED CERVICAL CANCER

O.N. Churuksaeva, L.A. Kolomiets, O.V. Savenkova

Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences, 
Tomsk, Russia

Immunohistochemical parameters reflecting the activation of oncogenes or tumor suppressor 
genes, apoptotic and proliferative activity are currently being actively studied as predictive criteria 
for response to treatment in patients with locally advanced cervical cancer (LACC). The 
expression level of the Ki-67 proliferation marker was found to be significantly reduced after 2 courses 
of neoadjuvant chemotherapy (NACT), and the initial levels were correlated with the immediate 
response to treatment.

Keywords: proliferative index Ki-67, cervical cancer, prognosis, 
overall (OV) and progression-free (PFS) survival.

Objective
Currently, 30 to 45% of patients with LACC died of disease progression within the first five 

years, therefore, the identification of reliable prognostic criteria is of great importance [1, 2]. The 
biological behavior of tumors remains sufficiently unpredictable even for patients with the same 
stage of the disease [3]. Prognostic factors in cancer are often more significant in terms of the 
disease outcome than the therapeutic effect. Hormone receptors, biochemical markers, expression 
of oncogenes and antigens associated with proliferation, as well as other molecular markers are 
widely recognized as prognostically significant [1, 4, 5]. Cell proliferation, which can be estimated 
using the mitotic index (MI) and the Ki-67 labeling index (LI), is one of the most studied 
parameters of aggressive tumor growth. The Ki-67 antigen is expressed in almost all phases of 
the mitotic cycle, and, in accordance with this, reflects the proliferative pool of the tumor. The 
Ki-67 proliferative index is an independent prognostic marker of tumor recurrence, overall and 
progression-free survival, as well as a predictive factor for response to chemotherapy/radiation 
therapy [6, 7]. At present, there is no consensus on the impact of Ki-67 on the radiosensitivity of 
cervical tumors, on the critical prognostic level of proliferative activity of PSM and its relationship 
with clinical and morphological factors of prognosis and disease outcome [6], therefore further 
studies are required.

Material and Methods
The Ki-67 level was determined in 25 LACC patients before starting neoadjuvant platinum-based 

chemotherapy and after its completion. The immunohistochemical study was carried out according 
to a standard procedure on dewaxed cervical tissue sections obtained from resection or cervical 
biopsy specimens. Results of staining were assessed using Carl Zeiss Microlmaging light microscope 
(Germany). For all markers, the localization of staining in the cell (nucleus, cytoplasm, membrane) 
was evaluated. The results of IGH analysis were evaluated quantitatively and qualitatively by the 
intensity of cytoplasmic staining. To assess the proliferative activity of the tumor, the number of 
Ki-67 positive cells per 200-300 tumor cells was calculated. The Ki-67 index was determined by 
the formula: PA = number Ki-67 positive cells × 100/total number of cells.

Results
The average proliferation index in patients with LACC was 60%. High and very high expressions 

(more than 50%) were observed in 64% of patients with LACC (Figure 1). A weak level of Ki-67 
expression was seen in 16% of LACC patients.
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Figure 1. The Ki-67 labeling index is higher than 80 % in tumor nests of moderately differentiated squamous-cell 
cervical carcinoma; magnification ×400

The analysis of immunohistochemical markers before and after 2 courses of NACT in patients 
with LACC revealed a significant decrease in the expression of the Ki-67 proliferation index after 
the completion of chemotherapy. It was shown that before starting treatment, the Ki-67 proliferative 
activity was detected in all LACC patients, while after completion of NACHT, 24% of patients 
did not express this antigen. The average Ki-67 value decreased from 60% to 42% (p<0.05), that 
is, less than half of tumor cells were in the mitotic phase of the cell cycle. The levels of high and 
very high expressions of Ki-67 decreased from 64% to 32% compared to the levels observed before 
treatment. The analysis of the changes in IGH-markers showed that in patients who subsequently 
developed disease progression, the Ki-67 expression was the highest (85%) before starting antitumor 
treatment. In patients with complete regression, the Ki-67 level was the lowest (53.9%). In patients 
with partial tumor regression, the average level of the Ki-67 proliferative activity marker increased 
slightly after NACT, which apparently caused incomplete tumor regression. The remaining patients 
showed positive dynamics in decreasing the expression level of the Ki-67 antigen.

The relationship between the Ki-67 index and long-term treatment outcomes in patients with 
LACC was shown (Figure 2). The 5-year overall survival was significantly higher in LACC 
patients with the Ki-67 expression of < 50% than in patients with the Ki-67 expression of > 50% 
(Gehan’sWilcoxon p = 0.01056, Log-RankTest p = 0.00899, Cox-MantelTest p = 0.01011). In 
patients with the Ki-67 expression of less than 50% and above 50%, the 5-year overall survival 
rates were 100% and 67%, respectively. The progression-free 5-year survival in patients with 
LACC, regardless of the level of Ki-67 expression, did not differ significantly.
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Figure 2. The overall survival of patients with LACC with respect to the initial level of the Ki-67 proliferative activity 
marker

Conclusion
The Ki-67 expression is determined in all patients with LACC, correlates with clinical response 

to treatment and long-term treatment outcomes, thus allowing the Ki-67 index to be used as a 
prognostic factor in LACC.



2317–19 September, 2018

PROCEEDINGS OF THE INTERNATIONAL SYMPOSIUM

REFERENCES
1. Antoneeva I.I., Sidorenko E.G., Abakumova T.V., Pirmamedova S.S. Expression of proteins associated with tumor progression 

in cervical cancer. Fundamental study. 2012; 7(2): 269-272. [in Russian]
2. Kozachenko V.P. Clinical gynecologic Oncology. A guide for doctors. M.: Medicine; 2005. 376. [in Russian]
3. Granov A.M., Vinokurov V.L. Radiation therapy in Oncology and Onco-urology. SPb.: Folio; 2002. 349. [in Russian]
4. Gaffney D.K., Haslam D., Tsodikov A., Hammond E., Seaman J., Holden J., Lee R.J., Zempolich K., Dodson M. Epidermal 

growth factor receptor (EGFR) and vascular endothelial growth factor (VEGF) negatively affect overall survival in carcinoma of the 
cervix treated with radiotherapy. Int J Radiat Oncol Biol Phys. 2003 Jul 15; 56(4): 922-8.

5. Lindström A. Prognostic factors for squamous cell cervical cancer. Tumor markers, hormones, smoking, and S-phase fraction. 
Umea: Umea university, 2010. 67

6. Liu S.S., Tsang B.K., Cheung A.N., Xue W.C., Cheng D.K., Ng T.Y., Wong L.C., Ngan H.Y. Anti-apoptotic proteins, apoptotic and 
proliferative parameters and their prognostic significance in cervical carcinoma. Eur J Cancer. 2001 Jun; 37(9): 1104-10.

7. Sultana H., Kigawa J., Kanamori Y., Itamochi H., Oishi T., Sato S., Kamazawa S., Ohwada M., Suzuki M., Terakawa N. Chemo-
sensitivity and p53-Bax pathway-mediated apoptosis in patients with uterine cervical cancer. Ann. Oncol. 2003 Feb; 14(2): 214-9.

ARSENIC INDUCED POLYADENYLATION OF CANONICAL 
HISTONE MRNA DISRUPTS CHROMATINHOMEOSTATSIS 

AND IS HIGHLY CARCINOGENIC

M. Costa, H. Sun, D. Chen, Q. Chen, F.J. Li, Y. Zhu, C. Jin

Dept of Environmental Medicine, NYU School of Medicine, New York, USA

Naturally occurring inorganic arsenic has been identified as the causal agent in lung, bladder, liver, 
and prostate cancers. Although arsenic has long been known to induce toxicity and carcinogenicity 
via epigenetic mechanisms, alteration in histone gene expression is scarcely studied. The replication-
dependent histone mRNAs end in a conserved 26-nucleotide sequence, and is the binding site 
for the stem loop binding protein (SLBP). As a critical protein for canonical histone pre-mRNA 
processing, the loss of SLBP has been shown to induce aberrant polyadenylation of H3.1mRNA, 
which can lead to cellular transformation. Canonical histone mRNAs are unique in that they are 
the only mRNAs in multicellular organisms that do not contain poly (A) tail in their 3’ ends and 
thus are unstable. Instead, they contain a stem-loop structure in their 3’ ends, which will be bound 
by Stem-loop binding protein (SLBP). SLBP is essential for processing of the canonical histone 
pre-mRNA and also controls stability of histone mRNAs. Intriguingly, we found that As exposure 
induces polyadenylation of canonical histone H3.1 mRNA due to the loss of SLBP, which appeared 
to be attributable to As-induced degredation of SLBP. Here we report increase in polyadenylated 
H3.1 mRNA compromises assembly of H3.3 at promoters of 2,000 most active genes. In addition 
we found that transfection of H3.1 with a poly(A) tail causes a G2/mitotic block in the cell cycle, 
chromosomal damage, and gamma H2AX phosphorylation. To further distinguish between G2 
and M arrest, we determined the cellular level of histone H3S10 phosphorylation, a Mitotic phase 
specific modification, by flow cytometry assay. The phosphorylation of H3S10 was increased 
from 4.6% to 11% upon transfection of H3.1 poly (A) as compared with the control we found 
that transfection of H 3.1 with a poly A coding sequence produced polyadenylation of canonical 
histone mRNAs and induced a high incidence of cell transformation. To analyze the effect of H3.1 
polyadenylation on tumor formation in nude mice, we injected control and H3.1 poly(A) expressing 
BEAS-2B cells into nude mice to assess tumor formation. Juxtaposing the two groups, mice injected 
with BEAS-2B/H3.1 poly(A) cells demonstrated 100% tumor formation compared to 33% in the 
control group. This effect was abrogated by inclusion of a stem loop binding sequence along with 
the Poly Adenylation sequence. Furthermore As exposure of mice by inhalation or ingestion results 
in a loss of SLBP in the lung and liver respectively. This in vivo data strongly indicate that all the 
canonical histone mRNAs could be polyadenylated in As-exposed mice given the critical role of 
SLBP in processing of canonical histone pre-mRNAs, but because of low levels of proliferation 
of lung and liver polyadenylation of canonical histone mRNA is not observed. However in bone 
marrow we observe polyadenylation of H3.1 and H4 following exposure of mice to As.

Keywords: Arsenic, Canonical Histone mRNA, Cell Cycle, Epigenetics, Histone.
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THE SEARCH FOR MARKERS OF COLLECTIVE 
CELL INVASION IN BREAST CANCER

E.V. Denisov1, T.S. Gerashchenko1, N.M. Novikov1, L.A. Tashireva1, 
N.V. Krakhmal1, M.V. Zavyalova1, A.Gautreau2, N.V. Cherdyntseva1, 
V.M. Perelmuter1

Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences, 
Tomsk, Russia1

Biology Department, Ecole Polytechnique, Paris-Saclay, France2

Invasion, or directed migration of tumor cells to adjacent tissues, represents the first step in 
the process of cancer metastasis. To date, a plethora of data has been accumulated that clarify the 
mechanisms of cancer cell invasion. In particular, it is known that tumor cells can invade individually 
or collectively using two main mechanisms of migration – mesenchymal and amoeboid. The 
movement of tumor cells is observed not only in the invasive front (the interface between tumor 
and host tissue) but also within the tumor. Cancer cell invasion is initiated and supported by many 
different molecules: EMT factors, actin cytoskeleton and adhesion proteins, proteases, etc. [1, 2]. 
Nevertheless, despite a lot of research efforts, there is no clear answer to the key question: how 
to identify tumor cell invasion in cancer tissue? Simply stated, there are no effective markers or 
features to distinguish migrating/invading tumor cells from quiescent tumor cells.

Recently, we suggested that intratumor morphological heterogeneity in breast cancer (BC) 
may be a promising model to identify markers associated with tumor cell invasion. Different 
morphological structures (tubular, alveolar, solid, trabecular, and discrete), the number of which 
in tumor varies from case to case, show specific gene expression profiles and signaling pathways 
associated with EMT and cancer invasion, modulate chemotherapy efficiency and are involved 
in BC metastasis. In particular, solid and trabecular structures represent variants of collective cell 
invasion, whereas discrete groups demonstrating the most pronounced mesenchymal phenotype 
reflect the individual mode of cell movement [3].

Thus, using the data of gene expression profiling of different morphological structures in BC, 
we chose ten genes that were mentioned previously to be associated with cell migration or whose 
proteins showed expression or its loss at the invasive front (tips/periphery) of solid and trabecular 
structures. In accordance with KM Plotter, expression of six of these genes was associated with 
poor recurrence and distant metastasis-free survival in BC. IHC analysis showed that distant 
metastasis was significantly associated with heterogeneous expression of these markers in breast 
tumors, particularly its presence or loss at the edge of solid and trabecular structures. In addition, 
expression of these invasive markers was also associated with tumor size, grade, and lymph node 
involvement. Currently, we perform RNA-sequencing to find genes and pathways that are enriched 
in BC cells expressed invasive markers; the results will be presented in the symposium.

Keywords: cancer, cell migration, collective cell migration, invasion.

The study was supported by the Russian Science Foundation (grant № 14-15-00318)
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PROGNOSTIC SIGNIFICANCE OF TGF-B-ASSOCIATED 
PROTEINS IN BREAST CANCER PATIENTS TREATED 

wITH ADJUVANT TAMOXIFEN

T.A. Dronova1,2, N.N. Babyshkina1,2, S.V. Patalyak1, N.V. Cherdyntseva1,2

Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences, 
Tomsk, Russia1

Tomsk State University, Tomsk, Russia2

We investigated the effect of 3 TGF-β-associated signaling components (TGF-β1, TGF-βR1, 
TGF-βR2) and ERα on the response to adjuvant tamoxifen treatment in 122 estrogen positive 
breast cancer patients. Our data suggest that the gene and protein expression of TGF-βR1 as well 
as ESR1 rs2228480 and the distribution pattern of ERα expression may play a significant role in 
the development of tamoxifen resistance/sensitive in breast cancer patients.

Keywords: breast cancer, tamoxifen resistance, estrogen receptor, 
TGF-β-associated proteins, prognosis markers.

Introduction
Crosstalk between ERα and TGF-β signaling may be critical in the development of tamoxifen 

resistance/sensitive in breast cancer. It is well known that ERα blocks TGF-β pathway by direct 
interactions with Smads components [1]. In turn to, TGF-β could act to restrict ERα-mediated 
proliferation [2]. While evidence is accruing that TGF-β-associated proteins is implicated in the 
tamoxifen resistance, there have been no integrated studies evaluating their prognostic value in 
estrogen positive breast cancer patients.

This has prompted us to assess the genetic variation, protein and RNA expressions of the three 
TGF-β-associated signaling components (TGF-β1, TGF-βR1, TGF-βR2) and ERα in relation to 
tamoxifen efficacy and survival rate in estrogen positive breast cancer patients.

Material and Methods
This study analyzed clinical data and tissue samples from 122 women with breast cancer who 

received adjuvant tamoxifen at the Tomsk National Research Medical Center from 2002 to 2014. 
According to the response to tamoxifen, all patients were divided into tamoxifen resistance (TR) 
group and tamoxifen sensitive (TS) group. The TGF-βR1rs334354, TGF-βR2rs2228048 and 
ESR1 (rs2228480, rs2077647, rs1801132, rs3798577) SNPs were analysed using a TaqMan assay. 
Expression of the TGF-β1, TGF-RI, TGF-RII and ESR1 gene was detected by RT-PCR analysis. 
Expression of TGF-βRI and the distribution pattern of ERα expression were assessed by immu-
nohistochemistry. Progression-free survival (PFS) was analyzed by Kaplan-Meier curves. SPSS 
21.0 (IBM SPSS Statistics, Armonk, NY, USA) was applied for statistical analysis.

Results
When primary tumors from the tamoxifen resistance and tamoxifen sensitive groups were 

compared, TGF-βRI mRNA was significantly overexpressed in the latter group (p=0.041). Further-
more, we demonstrated that TGF-βR1 positive protein expression was more frequent in tamoxifen 
sensitive tumors as compared to tamoxifen resistance (р=0.030). We found that the wild genotype 
of the TGF-βR2rs2228048 was significantly associated with sensitivity to tamoxifen treatment in 
breast cancer patients when compared with the mutant and heterozygous genotypes (p=0.045).

We noted a significant association between low mRNA ESR1 expression and resistance to 
tamoxifen (p=0.041). Patients carrying a mutant genotype of the ESR1rs2228480 had a high of 
progression risk after tamoxifen treatment than the patients with a wild and heterozygous geno-
types (p = 0.013). In addition, we were able to demonstrate that heterogeneous ERa expression 
was significantly associated with tamoxifen resistance (p = 0.003).

We assessed the association of all studied markers with progression-free survival rate in breast 
cancer patients. Compared with TGF-βR1-posinive patients, TGF-βR1-negative patients showed 
significantly poorer outcomes with respect to progression-free survival (p=0.032). Kaplan-Meier 
analysis showed that there were significant higher death and recurrence risk in patients with het-
erogeneous ERa expression and mutant genotype of rs2228480 SNP compared with those patients 
with homogeneous ERa expression pattern and wild and heterozygous genotypes of rs2228480 
SNP (p=0.009 and p=0.040, respectively).
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Conclusion
Our data suggest that the gene and protein expression of TGF-βR1 as well as ESR1 rs2228480 

and the distribution pattern of ERα expression may play a significant role in the development of 
tamoxifen resistance/sensitive in breast cancer patients.

The study was supported by the ERA Net RUS Plus S&T CHIT-ALPHA-THER grant, the Rus-
sian Foundation for Basic Research (Project № 16-54-76015)
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ANALYSIS OF THE LEVEL OF THE SERUM TUMOR MARKERS 
AND CHEMICALS IN wATERBASINS OF THE REPUBLIC 

OF SAKHA (YAKUTIA)

S.D. Efremova1, A.S. Golderova1, V.M. Nikolaev1, E.D. Okhlopkova1, 
V.A. Alekseev1, F.V. Vinokurova1, E.K. Rumyantsev1, E.V. Tsypandina1
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The concentration of the serum tumor markers in people living in 6 different regions of the 
Republic of Sakha (Yakutia) was determined by an enzyme immunoassay, and the chemical 
composition of water used for drinking was evaluated. A total of 675 residents aged 18 to 79 
years were examined. Increased concentrations of chemical substances (phosphates, fluorides, 
manganese, strontium, and lead) in water resulted in increased levels of tumor markers, such as 
AFP, CEA, PSA and CA-125.

Keywords: tumor markers, chemicals, water bodies, Yakutia.

Relevance
In Yakutia, with a rapid industrial growth, there has been an increase in the cancer incidence. 

Sewage water pollution cancer increases cancer risk [1, 2].
Material and Methods
A total of 675 residents aged 18 to 79 years living in 6 different regions of the Republic of 

Sakha (Yakutia), 461 men (mean age 45.01 ± 0.93) and 214 women (mean age 45.54 ± 0.56) were 
examined. The national composition of the surveyed persons was represented by 246 Yakuts, 
194 by indigenous small-numbered peoples of the North (Evenki, Evens and Dolgans), 236 by a 
Russians, Tatars, etc.

Data on the chemical composition of water taken from water basins for drinking (the Matta 
River – the Magarass village, Gorny district; near intake the Lena River – the Modut village, 
Namsky district, «Pool Yasachnaya» – the Neplemennoe village of the Verkhnekolymsky District, 
the Peleduy River - the Vitim village of the Lensky District, the Aldan River - the Tommot Aldansky 
District) were provided by the Administration of the Hydrometeorological Service of the Republic 
of Sakha (Yakutia).

Blood for laboratory tests was taken from the ulnar vein in the morning on an empty stomach. 
The concentrations of tumor markers: alpha-fetoprotein (AFP), carcinoembryonic antigen (CEA), 
male prostate-specific antigen (PSA) in males, tumor-associated surface antigen (CA-125) in 
females, were determined by ELISA using Vector Best test kits (Novosibirsk, Russia).

Data of the chemical composition of water were provided by the Administration of the 
Hydrometeorological Service of the RS (Y).

Results
Of the 15 chemical substances, only 5 elements (phosphates, strontium, fluorides, manganese, 

calcium) showed reliable correlation with the concentration of tumor markers in the blood of the 
residents.
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The positive correlation between the content of chemical elements in water and the concentration 
of tumor markers was found: phosphates with CEA (r = 0.599), PSA (r = 0.593), AFP (r = 0.249) 
and CA-125 (r = 0.280) for p < 0.01; strontium with CEA (r = 0.498), PSA (r = 0.482), AFP (r = 
0.222) and CA-125 (r = 0.165), with p <0.01; fluorides with CA-125 (r = 0.476), PSA (r = 0.468), 
REA (r = 0.436) and AFP (r = 0.257) with p <0.01. There were positive correlations of the level 
of tumor markers with the content of manganese with AFP (r = 0.274), CEA (r = 0.219), PSA (r = 
0.185), with p <0.01, calcium with PSA (r = 0.443), CEA (r = 0.233), AFP (r = 0.128) with p <0.01 
and lead with AFP (r = 294) with p <0.01. The relationship between tumor markers expressed by 
low-differentiated cells and environmental pollution was found.

Conclusion
Increased maximum permissible concentrations in water of chemical substances (phosphates, 

fluorides, manganese, strontium, and lead) led to the increase in the level of tumor markers: cancer 
embryonic antigen, alfa-fetoprotein, prostate-specific antigen and tumor-associated surface antigen, 
thus increasing the risk of developing cancer.
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EFFECT OF SHORT-TERM RETINOIC ACID TREATMENT 
ON ERK1/2 AND AKT ACTIVATION IN LUNG CANCER 

AND NEUROBLASTOMA CELLS

A.D. Enikeev, A.V. Komelkov, M.E. Akselrod, E.M. Tchevkina

N.N. Blokhin National Medical Research Center of Oncology, Moscow, Russia

Here we studied the non-canonical activity of retinoic acid (RA) with respect to regulation of 
key signaling pathways in non-small cell lung cancer (NSCLC) and neuroblastoma cells. We found 
that treatment by all-trans retinoic acid (ATRA) causes short-term activation of Erk1/2 and AKT 
in both types of cells, although the kinetics of RA-dependent activation of these protein kinases 
was different. For Erk1/2 we observed rapid (5-15’) and late (240’) increase in phosphorylation 
level, that indicate RA-dependent non-genomic and canonical transcriptional activation of Erk1/2 
correspondingly. AKT activation was shifted in time without visible break between early and late 
activation. The obtained results point on diverse mechanisms mediating RA-dependent activation 
of Erk1/2 and AKT.

Keywords: retinoic acid, ATRA, phosphorylation, Erk1/2 kinase, AKT kinase.

Background
Retinoic acid belongs to the class of retinoids, involved in the regulation of wide spectrum of 

biological processes including tissue development, immune response, neural function, reproduc-
tion, etc. In the majority of cells RA stimulates differentiation, inhibit proliferation and induce 
apoptosis. According to these activities, ATRA is considered as one of the most promising thera-
peutic anti-tumor agents [1]. However, the use of RA is strongly restricted by the rapid acquisition 
of resistance [2], as well as by a number of side effects mediated through RA nuclear receptors. 
Retinoic acid receptors are ligand inducible transcription factors that regulate activity of huge 
number of genes involved in cell cycle arrest, cell differentiation and cell death. In addition to 
the canonical activity, novel nongenomic mechanisms of RA-mediated signal transduction have 
been described for some cell types [3]. This rapid, nongenomic activity does not rely on gene 
transcription or protein synthesis, but results in ligand induced modulation of signal transduction 
molecules such as protein kinase PKCα, extracellular signal regulated kinase 1/2 (ERK1/2) and 
antiapoptotic kinase Akt [4-7]. The non-genomic RA-dependent activation of signal transduction 
could represent an additional process contributing to the acquisition of RA-resistance. However, 
this effect had been shown only for few cell lines and the mediators of non-transcriptional activity 
of atRA as well as mechanisms of this phenomenon remain poorly understood. Importantly, the 
RA-dependent non-transcriptional activation of the above-mentioned targets in the same cells has 
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not yet been studied. Therefore, it remains unclear, whether the mechanisms of RA-dependent 
activation of Erk1/2 and Akt are the same or different.

Material and Methods
Here we studied the effect of short-term ATRA treatment on the activity of Akt and ERK1/2 

kinases in NSCLC and neuroblastoma cells.
NSCLC cells (lines A549, H460) and neuroblastoma cells (lines SK-N-AS, SH-SY-5Y) were 

incubated in DMEM in the presence of ATRA at final concentration 5 µМ and 1 µМ correspondingly. 
After the fixed periods of treatment (5, 15, 30, 60 and 240 min) cells were detached and 10 mkg of 
protein were subjected to SDS-PAGE followed by immunoblotting. Phosphorylation of pAkt and 
pERK1/2 was detected using anti-pAkt (S473) and anti-pERK-1/2(T202/Y204) (Cell Signalling) 
antibodies correspondingly.

Results
We found RA-dependent activation of both protein kinases in all studied cell lines, but the 

kinetics differed drastically. ERK-1/2 demonstrates two well-defined peaks of phosphorylation in 
all cells: the first one corresponds to 5-15’ of ATRA treatment (for SH-SY-5Y cells – 5-30’), the 
second occurs after 240’ of incubation. Notably, in intermediate period (60’) the crucial decrease 
of ERK-1/2 activity (to the level lower than in control cells) was observed. Such a delineation of 
peaks corresponds probably to the rapid non-genomic and long-term transcriptional activation of 
Erk1/2 correspondingly. The activation of Akt was observed from 5’ of ATRA treatment with the 
maximum at 30’ (with an exception of SH-SY-5Y cells, where the peaks of P-AKT were observed 
at 5-15’ and 60-240’ while the pronounced decrease was detected at 30’). Noteworthy, in contrast to 
P-Erk1/2, the level of P-Akt does not fall to the level of control. We have found that the activation 
of Erk1/2 and Akt does not coincide in time and even shows the opposite distribution in the same 
cells at the same time point.

Conclusion
We have found that ATRA causes rapid activation of Erk1/2 and Akt in both types of cells. The 

different kinetics of RA-dependent activation of these kinases evidences on diverse mechanisms 
mediating RA activity with respect to these targets.

 

Figure 1. Analysis of ERK1/2 (рThr202/Tyr204) and AKT рSer473 levels after ATRA treatment



2917–19 September, 2018

PROCEEDINGS OF THE INTERNATIONAL SYMPOSIUM

REFERENCES
1. Bushue N., Wan Y-JY. Retinoid pathway and cancer therapeutics. Adv Drug Deliv Rev. 2010 Oct 30; 62(13): 1285-98. doi: 

10.1016/j.addr.2010.07.003.
2. Freemantle S.J., Spinella M.J., Dmitrovsky E. Retinoids in cancer therapy and chemoprevention: promise meets resistance. 

Oncogene. 2003 Oct 20; 22(47): 7305-15.
3. Masia S., Alvarez S., de Lera A.R., Barettino D. Rapid, nongenomic actions of retinoic acid on phosphatidylinositol-3-kinase 

signaling pathway mediated by the retinoic acid receptor. Mol Endocrinol. 2007 Oct; 21(10): 2391-402.
4. Ochoa W.F., Torrecillas A., Fita I., Verdaguer N., Corbalán-García S., Gomez-Fernandez J.C. Retinoic acid binds to the C2-

domain of protein kinase C(alpha). Biochemistry. 2003; 42(29): 8774-8779. doi:10.1021/bi034713g
5. García-Regalado A., Vargas M., García-Carrancá A., Aréchaga-Ocampo E., González-De la Rosa C.H. Activation of Akt 

pathway by transcription-independent mechanisms of retinoic acid promotes survival and invasion in lung cancer cells. Mol Cancer. 
2013; 12: 44. doi:10.1186/1476-4598-12-44

6. Quintero Barceinas R.S., García-Regalado A., Aréchaga-Ocampo E., Villegas-Sepúlveda N., González-De la Rosa C.H. All-Trans 
Retinoic Acid Induces Proliferation, Survival, and Migration in A549 Lung Cancer Cells by Activating the ERK Signaling Pathway 
through a Transcription-Independent Mechanism. Biomed Res Int. 2015; 2015: 404368. doi: 10.1155/2015/404368.

7. Persaud S.D., Lin Y.W., Wu C.Y., Kagechika H., Wei L.N. Cellular retinoic acid binding protein I mediates rapid non-canonical 
activation of ERK1/2 by all-trans retinoic acid. Cell Signal. 2013 Jan; 25(1): 19-25. doi: 10.1016/j.cellsig.2012.09.002. 

THE NOVEL SMALL MOLECULE CBL0137 (CURAXIN) EXHIBITS 
ANTILEUKEMIC ACTIVITY
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M.G. Yakubovskaya1, K.I. Kirsanov1,4
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Curaxin CBL0137 is a new promising antitumor drug, which was selected as NfkB-signaling 
inhibitor and p53 activator in different cancer cell lines. To investigate whether Curaxin may 
be applied for acute leukemia therapy, we used three models: human leukemia cell lines, blood 
samples of leukemia patients and murine leukemia models in vivo. CBL0137 decreased leukemic 
cells viability, reduced expression of WNT target genes in vitro and ex vivo and demonstrated 
antileukemic activity in vivo.

Keywords: curaxin, wNT signaling pathway, Myeloid, Lymphoid, Leukemia.

Introduction
Curaxin CBL0137 is a low molecular weight carbazole derivative that demonstrated antitumor 

activity [1]. Inducing chromatin remodeling and c-trapping of the facilitating chromatin transcrip-
tion complex, Curaxin influences NF-kB and p53 in the directions desired for cancer therapy [2, 3]. 
Destabilizing nucleosomes via disruption of histone/DNA interactions, Сuraxin induces interferon 
response [4]. Previously we found that Curaxin inhibited Wnt/β-catenin signaling pathway. This 
effect was demonstrated for many cancer cell lines. The Wnt-signaling pathway is a key media-
tor of patterning decisions during embryonic development and homeostatic self-renewal of adult 
tissues, but its persistent activation is necessary in pathogenesis of different diseases, including 
malignancies. Recently, it has been demonstrated that Wnt/β-catenin signaling dysregulation is 
associated with the development of hematological malignancies and nowadays the components 
of this signaling pathway are considered to be promising targets for the therapy of myeloid and 
lymphoid leukemia. In this study, we analyzed the biological effects of Curaxin on different types 
of leukemia.

Material and Methods
We used K562 (human Chronic Myeloid Leukemia), KG1 and THP-1 (human Acute Myeloid 

Leukemia), Wehi-3 (Murine Acute Myeloid Leukemia), P388 (Murine Acute Lymphoblastic Leu-
kemia), CCRF Cem and CCRF SB (human T- and B-cells Acute Myeloid Leukemia), RPMI 8226 
and H929 (human Multiple Myeloma). Leukemia cells from patient blood samples were obtained 
by means of density-gradient centrifugation method. Cytotoxicity of CBL0137 against different 
leukemic cells was measured by MTT. Gene expression analysis was performed using Real-Time 
PCR and Western Blotting. Flow cytometry was used in cell cycle and apoptosis assays. Double 
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staining for Annexin V-FITC and propidium iodide was performed to estimate the apoptotic rate. 
Analysis of antileukemic activity of Curaxins in vivo was performed on two murine models: my-
elomonocytic leukemia WEHI-3 and the lymphocytic leukemia P388 [4].

Results
We demonstrated that CBL0137 revealed cytotoxicity against cultured cell lines and leukemic 

cells, obtained from the patients of Blokhin NMRCO. Moreover, Curaxin increased apoptosis 
level in leukemic cell lines.

It was found that expression of WNT-target genes (c-Myc, CCND1, Lef1, Survivin) was sig-
nificantly reduced by Curaxin treatment in cell lines as well as in blood samples.

On the murine model of lymphocytic leukemia P388, we showed that intravenous injections 
of CBL0137 delayed appearance of the first nodules at the site of transplantation, inhibited tumor 
growth and increased lifespan of experimental mice compared to control ones.

Using the murine model of myelomonocytic leukemia WEHI-3, we observed the effects of 
intravenous injections of CBL0137: reduced weight of liver, thymus and spleen of experimental 
mice respectively to the corresponding controls from the mice, which were injected with saline 
solutions. Furthermore, the histopathological examination of the livers of animals with leukemia 
revealed a lot of hepatic lesions and the neoplastic cell nests in the sinusoids. Curaxin treatment 
reduced liver infiltration by leukemic cells.

The neoplastic cells in the leukemic spleen presented large irregular nuclei with clumped chro-
matin and the red pulp fading away. Antileukemic activity of Curaxin was estimated on WEHI-3 
and P388 murine models in vivo. Mice treated with CBL0137 had spleen with clear red pulp and 
few less numbers of neoplastic cells respectively to the control group.

Conclusion
Our results demonstrate that CBL0137 inhibits activity of WNT/β-catenin signaling and reveals 

cytotoxic activity against leukemic cells both in vitro and ex vivo and possesses antileukemic 
activity against murine transplantable leukemia in vivo.

This work was supported by Russian Scientific Foundation (№ 17-75-20124).
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THE BRANCHED ACTIN NETwORKS THAT DRIVE CELL 
MIGRATION DETERMINE PATIENT PROGNOSIS IN BREAST 

CANCER
A. Gautreau

Ecole Polytechnique, Université Paris-Saclay, France

During cell migration, branched actin networks provide the force that projects the plasma 
membrane. Actin is polymerized in a branched manner by a unique molecular machine, called the 
Arp2/3 complex. In addition to the leading edge of migrating cells, the Arp2/3 complex is activated 
at many subcellular locations, where the force it provides allows fission of transport intermediates 
in intracellular trafficking. This is the role of different activators to activate the Arp2/3 complex 
at different locations [1]. The WAVE molecule activates the Arp2/3 complex at the leading edge 
of migrating cells. WAVE is embedded in a multiprotein complex that regulates its activity. Our 
group identified an Arp2/3 inhibitory protein, which we named Arpin. Arpin specifically antagonizes 
WAVE at the leading edge of migrating cells [2]. When the expression of WAVE complex subunits 
and of Arpin was examined in mammary carcinomas from a large retrospective cohort of patients, 
half of tumors were found to either overexpress a limiting subunit of the WAVE complex or to down-
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regulate the expression of Arpin. In multivariate models, the patients displaying an upregulation of 
the activator or a downregulation of the inhibitor have poor prognosis of metastasis-free survival [3]. 
Recently we analysed the combinatorial complexity of assembling WAVE and Arp2/3 complexes, 
because many subunits of these complexes are encoded by paralogous genes. The genes that were 
the most significantly associated with metastasis-free survival of breast cancer patients were also 
the most efficient at regulating cell migration. Statistical models of retrospective cohorts were 
even an efficient way to discover specific paralogous genes encoding subunits conferring singular 
behaviors to the complexes thatthey assemble.

Keywords: actin polymerization, Arp2/3 complex, nucleation promoting factors, molecular machines.
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RNA SEQUENCING OF SINGLE CELLS OBTAINED 
FROM IMMUNOLABELED TUMOR SECTIONS:

THE FIRST EXPERIENCE
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L.A. Tashireva1, D.V. Pyankov4, N.V. Cherdyntseva1,2, V.M. Perelmuter1
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Tomsk, Russia1

Tomsk State University, Tomsk, Russia2

Almazov National Medical Research Centre, Saint-Petersburg, Russia3

Genomed Ltd, Moscow, Russia4

We performed laser microdissection-assisted RNA sequencing of single cells of breast tumor 
sections immunostained according the homemade protocol of maintaining RNA integrity.

Keywords: single-cell RNA sequencing, immunofluorescence, tumor heterogeneity.

Introduction
RNA sequencing (RNA-seq) is a highly informative method for characterizing transcriptional 

activity in different tissues and for studying molecular interactions between cells [1]. In cancer 
research, tumor complexity and heterogeneity challenge RNA-seq of tumor bulk that provides 
information regarding the average transcriptome and necessitate RNA-seq from single cells [2]. To 
date, single-cell RNA-seq became a powerful tool to profile cell-to-cell variability on a genomic 
scale [3]. This approach is critically important for the identification of tumor cell populations that 
are involved in cancer progression and sensitivity to treatment and of transcripts/genes associating 
with the realization of the metastatic cascade [2, 4]. In particular, the recent studies showed that 
single-cell transcriptome profiling can identify and characterize clinically important subpopulations 
of tumor cells to develop successful targeted treatments [5-7].

At present, single-cell RNA-seq is successfully applied to analyze transcriptomes of tumor cells 
obtained from hematoxylin and eosin stained sections using laser microdissection or from tumor 
bulk using fluorescence-activated cell sorting (FACS) [8, 9]. However, there are no any data regard-
ing RNA-seq of tumor cells obtained from immunolabeled sections using laser microdissection. It 
is probable related to the problems of isolation of high-quality RNA samples from immunostained 
sections. Nevertheless, this approach would allow to assess transcriptome of tumor cells located 
in different geographic and microenvironmental regions of the tumor and to prevent the isolation 
of stromal and inflammatory cells that share tumor markers in FASC analysis.
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In this study, we share the experience of RNA sequencing of single cells obtained from im-
munostained sections of frozen breast tumor samples using laser microdissection.

Method and Results
Frozen breast tumor samples were cryosectioned and used for immunofluorescence staining with 

antibodies to CK7 (sc-23876, 1:50, Santa Cruz), KIF14 (HPA038061, 1:500, Sigma), and WAVE-2 
(1:500, [10]) proteins. We modified the protocol of immunostaining to avoid RNA degradation. 
In particular, we reduced time of incubation with antibodies and used PBS buffer with RNAlater 
(Thermo Fisher Scientific). Paired tumor sections were immunostained. First of them was used to 
estimate quality of RNA samples isolated using RNeasy Plus Micro Kit (Qiagen). RNA integrity 
number (RIN) varied from 5.6 to 6.3 (2200 Tape Station, Agilent). Second sections were used to 
isolate CK7+KIF14+, CK7+KIF14−, CK7+WAVE-2+ and CK7+WAVE-2− single cells (the number 
varied from 1 to 50) using laser microdissection guided under fluorescence (PALM, Carl Zeiss). 
Microdissected samples were used to generate cDNA libraries (SMARTer Stranded Total RNA-Seq 
Kit v2, Takara, USA). The quality of cDNA libraries was assessed using HS D1000 ScreenTape 
(2200 Tape Station, Agilent), the concentration – dsDNA HS kit (Qubit 4.0, Thermo Fisher Sci-
entific). Library concentration varied from 0.694 to 92.2 ng/ul, fragment size ranged from 200 to 
800 bp (average size of 359 bp). Libraries were pooled according Illumina recommendations and 
sequenced as single-end 75 bp reads on a NextSeq500 (Illumina). The total number of reads was 
~450 mln for 19 samples pooled. At present, bioinformatic processing is performing; the detailed 
information will be presented in the presentation.

Conclusion
We developed and implemented the protocol of RNA sequencing of single cells obtained from 

immunolabeled tumor sections using laser microdissection. This approach represents an effective 
tool for the assessment of transcriptome of different tumor cell populations, especially in context 
of spatial intratumor heterogeneity.

The study was supported by the Russian Scientific Foundation (grant № 14-15-00318).
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ONCOLOGY DISEASE IN PATIENTS wITH ACUTE 
MYOCARDIAL INFARCTION wITH NONOBSTRUCTIVE 

CORONARY ATHEROSCLEROSIS
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The aim of this study was to evaluate the cancer incidence among patients with myocardial 
infarction with nonobstructive coronary atherosclerosis (MINOCA). Material and Methods. The 
non-randomized controlled study included patients with acute coronary syndrome (ACS) treated 
between 2010 and 2015. Inclusion criteria comprised NOCA (normal coronary arteries / plaques 
<50%) confirmed by invasive coronary angiography (CAG) and age over 18 years at the time of 
randomization. The exclusion criterion was revascularization of the coronary arteries. We compared 
the study population with patients from POLINCOR study (NCT03122340), which included 
patients with ACS with obstructive CAD confirmed by invasive CAG, who were admitted to the 
department of emergency cardiology in 2015-2016 [5]. Results. Among 5794 patients, who were 
hospitalized with ACS to the Department of Emergency Cardiology in 2010-2016, 2.8% (161) 
patients demonstrated nonobstructive coronary atherosclerosis confirmed with CAG. One (0.6%) 
patient died. There were 94 (58%) cases with acute myocardial infarction, 27 (17%) with unstable 
angina, 15(9%) with pseudo-coronary scenario of myocarditis, 7 (4%) with cardiomyopathy, and 
16 (10%) with arrhythmias, congenital heart defects, aortic dissection. Among the patients with 
MINOCA, there were 30 (19%) patients with malignant and non-malignant tumors with cancer, 
including 7 (23%) patients with cancer of kidneys, sigmoid colon and cervix. Bladder cancer was 
diagnosed in 1 (0.6%) case before admission to the hospital, and lung cancer was identified in 1 
(0.6%) case at autopsy. The cancer incidence rate in patients with MINOCA was higher than in 
patients with obstructive CAD. Conclusion. The proportion of patients with MINOCA among 
patients with ACS in 2015-2016 was 2.8 % (161). MINOCA enconpasses a heterogeneous group of 
diseases, including AMI, unstable angina, myocarditis, cardiomyopathy, arrithmia, aortic dissection 
and others. Hospital mortality was 0.6%. The cancer incidence in patients with MINOCA was 
higher than in patients with obstructive CAD.

Keywords: myocardial infarction, nonobstructive coronary artery, MINOCA, oncology disease, cancer.

Introduction
Myocardial infarction with myocardial infarction with nonobstructive coronary atherosclerosis 

(MINOCA) represents a heterogeneous group of diseases. According to previous studies, the 
incidence of MINOCA is 1-14% [1]. One of the causes of MINOCA is coagulation disorders 
associated with tumor [1] and endothelial dysfunction after chemo- and radiotherapy which can 
lead to coronary vasospasm and thrombosis [2]. It is known [3] that the risk of cancer is 46% higher 
in patients with MI than in patients without MI within 6 months after MI diagnosis. Most studies 
were focused on the risk of cancer in patients with obstructive coronary artery disease (CAD). 
Little data is available on increased risk of cancer in patients with MINOCA. According to the 
SWEDHEART registry [4], cancer is an independent predictor of mortality in MINOCA. Further 
research is important to understand underlying mechanisms of MINOCA.

The aim of the study was to evaluate the cancer incidence among patients with MINOCA.
Material and Methods
Non-randomized open controlled study included patients, who were admitted to the department 

of emergency cardiology due to acute coronary syndrome (ACS) in 2016 and analyzed medical 
histories of ACS patients treated between 2010 and 2015. Inclusion criteria comprised NOCA 
(normal coronary arteries / plaques <50%) confirmed by invasive coronary angiography (CAG), 
patients’ age over 18 years at the time of randomization. The exclusion criterion was revascularization 
of the coronary arteries.

We compared the study population with patients from POLINCOR study (NCT03122340) which 
included patients with ACS with obstructive CAD, confirmed by invasive CAG [5].
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Results
Among 5794 people who were hospitalized with acute coronary syndrome to the Department of 

Emergency Cardiology in 2010-2016, 2.8% (161) patients demonstrated nonobstructive coronary 
atherosclerosis confirmed by CAG. One (0.6%) patient died. There were 94 (58%) cases with acute 
myocardial infarction, 27 (17%) with unstable angina, 15(9%) with pseudo-coronary scenario of 
myocarditis, 7 (4%) with cardiomyopathy, and 16 (10%) with arrhythmias, congenital heart defects, 
aortic dissection. The average age of the patients was 57 years, the proportion of men was 66%. 
The prevalence of dyslipidemia, peripheral atherosclerosis and family history are more common 
in patients with MINOCA than in patients with obstructive CAD (Table 1).

Among the patients with MINOCA, there were 30 (19%) patients with malignant and non-
malignant tumors, including 7 (23%) patients with cancer of kidneys, sigmoid colon and cervix. 
Bladder cancer was confirmed in 1 (0.6%) case before admission to the hospital, and lung cancer 
was identified in 1 (0.6%) case at autopsy. The incidence of oncology diseases in patients with 
MINOCA was higher than in patients with obstructive CAD (Table 1).

Table 1

Clinical and anamnestic characteristics of the patients

 MINOCA **MI CAD
N 161 57

Man, n (%) 107(66%) 42(74%)
Аverage age, Мe (Q1;Q3) 57(50;61) 58(51;64)

Arterial hypertension, n (%) 122(76%) 45(79%)
Dyslipidemia, n (%) 128(80%)* 36(63%)*

Body mass index, Me(Q1;Q3), (kg/m2) 28(24;32) 27(24;29)
Family history, n (%) 59(37%)* 13(23%)*

Smoking, n (%) 95(59%) 34(60%)
Diabetes mellitus 24(15%) 9(16%)

Chronic Kidney Disease, n (%) 4(2,5%) 2(4%)
Glomerular filtrate rate, Me(Q1;Q3), (ml/min/1,73 м2) 73(60;82) 72(60;86)

Peripheral atherosclerosis, n (%) 108(67%)* 30(53%)*
Stroke, n (%) 12(7%) 3(5%)

Previous myocardial infarction, n (%) 9(6%) 4(7%)
Heart Valve Diseases, n (%) 3(2%) 0

Nonmalignant/malignant tumors, n (%) 30 (19%)* 0*

*p<0,05 **- data from NCT03122340

Conclusion
The proportion of patients with MINOCA among the patients with ACS in 2015-2016 was 

2.8 % (161). These results were consistent with other recent studies INOCA presents heterogeneous 
group of diseases, such as AMI, unstable angina, myocarditis, cardiomyopathies, arrithmias, aortic 
dissection and other noncardiac diseases. Hospital mortality was 0,6 %. Incidence of oncology 
diseases in the patients with MINOCA was higher than in the patients with obstructive CAD.
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DRUGS TO CONTROL HAZARDOUS VIRUSES INCLUDING 
SOME INVOLVED IN HUMAN MALIGNANCIES

E. Huberman
NovaDrug and University of Illinois, Chicago, USA

Hepatitis C virus (HCV) and human immunodeficiency virus (HIV) are implicated in human 
cancers. Drugs controlling these viruses may impede HCV/HIV-induced malignancies.

Using a bacterial construct and mammalian cells, we identified three distinct classes of small 
molecules with anti-HCV activity. These compounds also inhibited unrelated RNA viruses such 
as HIV, corona, and Ebola viruses.

NovaDrug’s compounds do not display genotoxicity in the mouse micronuclei test nor in the 
Ames or cell culture mutagenesis assays.

To investigate their mode of action, we used the in vitro HIV/peripheral blood cell model, which 
has useful tools for locating the viral life cycle phase where the drug displays its inhibition. For 
this study, we tested the ability of the drugs to affect virus cell entry, reverse transcription, genomic 
integration, translation, and viral release. The results indicated that NovaDrug’s compounds operate 
after virus entry but prior to reverse transcription. As such, they act early in the HIV life cycle.

Representatives of the three drug classes failed to consistently affect the production of 30 different 
cytokines. Nor did they regularly inhibit the catalytic activity of 359 known protein kinases. An 
exception was a subgroup of one of the drug classes. This subgroup consistently inhibited the 
catalytic activity of a protein kinase (PK), termed LK. Moreover, LK specific siRNAs restrained 
HCV replication, thus implicating LK in HCV life cycle. Studies are ongoing to pinpoint the 
relevant targets of NovaDrug’s antivirals.

Currently, there are a limited number of clinical drugs with a wide range of antiviral activity; 
NovaDrug’s compounds display such a range.

Keywords: human immunodeficiency virus, hepatitis C virus, human malignancies, therapy.

HPV-NEGATIVE CERVICAL CANCER: A DISTINCT TYPE 
OF THE UTERINE CERVIX wITH POOR PROGNOSIS
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The real-time PCR method was used to study cervical scrapings from 116 patients with stage 
I–IV primary cervical cancer. Decreased survival and poor prognosis were found in patients with 
HPV-negative cervical cancer.

Keywords: cervical cancer, human papillomavirus.

Introduction
Nowadays, human papillomavirus (HPV) is considered to be the main causative agent of cervical 

cancer progression [1][Bosch, 2011 #133][Bosch, 2011 #60]. According to various studies, up to 
80–90% of patients diagnosed with cervical cancer (СС) are also carriers of high-risk HPV [2]. 
A small number of cervical cancers are not caused by HPV or the virus can be eliminated during 
oncogenesis, i.e. such cancers are HPV-negative. Some researchers claim that such CC subtype may 
be encountered only due to lab test errors [3]. However, there is another view of the phenomenon. 
Along with HPV-associated CC, there is HPV-negative tumors, which belong to a more aggressive 
tumor class and whose oncogenesis essentially differs from that of HPV-associated tumors [4]. The 
aim of the study was to evaluate relapse-free and overall survival for HPV+ and HPV- patients 
diagnosed with primary CC.
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Material and Methods
The research included 116 patients aged from 24 to 79 years and diagnosed with stage I–IV 

primary CC. The diagnosis was histologically verified; tumors were defined according to the 
FIGO classification. Complex examination included pelvic examination, colposcopy, cytological 
and histological tests. Scraping samples from the cervical canal and the outer part of the cervix 
served as study materials. Detection and genotyping of HPV DNA was carried out via the real-
time PCR method using a RotorGene 6000 (Corbett Research, Australia) and Amplisens® reagent 
sets (Amplisens® HPV HCR-screen; Amplisens® HPV HCR-genotype (Moscow, Russia). The 
Fisher’s ratio test was applied to assess statistical relevance of differences in the qualitative 
attributes occurrence distribution between the groups. Survival rates were evaluated according to 
the Kaplan-Meier method.

Results and discussion
The presence of HPV+ CC associated with one or several types of HPV was verified in 84 patients 

(72.4%), while 32 patients (27.6%) were not diagnosed with HPV. HPV- patients underwent second 
biopsy, DNA purification, detection and genotyping of HPV DNA in examined samples. Absence 
of the viruses was verified as a result. The patients were divided into 2 groups depending on the 
HPV contamination: group 1 – HPV+ patients (n=84) with the average age of 42.1±1.7 years; group 
2 – HPV- patients (n=32) with the average age of 45.5±1.6 year old. The groups did not differ in 
terms of general clinical and pathologic findings: tumor size, lymphatic cancer spread and histotype. 
Genotyping of HPV+ samples showed that HPV genotype 16 was present in 67.8% of cases. These 
results were consistent with other recent studies [5, 6]. HPV types 33 and 31 were ranked as the 
2nd and 3d most common, respectively (22.6% and 20.2%), whereas some authors reported that 
HPV 18 was the 2nd most common HPV type [5]. A low viral load (<3 lg HPV DNA/105 cells) 
had 22.6%, who were considered to have low risk of CC [7]. High viral load (>3 lg HPV DNA/105 
cells) was observed in 77.4% of patients, who were considered at have high risk for CC. Decrease 
in both the overall and disease-free survival rates was observed in HPV- patients diagnosed with 
CC. Figure 1 A, B demonstrate disease-free and overall survival of patients with CC: disease-free 
survival for HPV+ and HPV- patient groups was 102 and 68 months, respectively; overall survival 
was 52 and 83 months, respectively. The 2-year disease-free survival rate in both groups was 92.0% 
and 73.0%, respectively. The 2-year overall survival rate in HPV+ and HPV- patients was 86.0% 
and 65.0%, respectively. Decreased survival may be caused by different oncogenic mechanisms of 
CC, which may explain the differences in the disease outcome. Harima et al. reported that HPV- 
cancer is a separate group and this particular subtype responds poorly to radiotherapy [8]. The 
data on the matter dates back to 2006: HPV viral load in cervical scrapings of patients diagnosed 
with CC was examined before treatment. The results showed that the hierarchy of CC prognoses 
depending on its severity was as follows: HPV+ tumors with high viral load, HPV+ tumors with 
low viral load and the worst prognoses occurred for HPV- tumors [9].

Figure 1. Relapse-free survival (A) and overall survival (B) of patients diagnosed with cervical cancer

Conclusions
The current research has focused on the determinants of infection with oncogenic HPV types, the 

assessment of prophylactic and therapeutic vaccines, and the development of screening strategies 
incorporating HPV testing and other methods as adjunct to cytology. These are fundamental 
stepping stones for the implementation of effective public health programs aimed at the control 
of cervical cancer.
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HPV- cervical tumors are 2.5 times less frequently found than HPV+, but they have significantly 
worse prognoses. The presence or absence of HPV DNA in a tumor may become a new independent 
prognostic factor for cervical cancer. HPV- cervical cancer pathogenesis is understudied and requires 
further and detailed research.

The reported research was funded by Russian Foundation for Basic Research and the govern-
ment of the region of the Russian Federation, grant № 18-44-703004.
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BEFORE TREATMENT AND EFFEC TO NEOADJUVANT 
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The relationship between the level of different populations of circulating tumor cells before 
the treatment (before biopsy) in patients with breast cancer with the effect of neoadjuvant che-
motherapy was evaluated. The study showed that patients with a complete and / or partial tumor 
regression after NACT  level CTC with sign EMT  in the blood before biopsy was significantly 
lower than in patients who have no observed response to treatment (stabilization and / or progres-
sion) (p= 0.02).

Keywords: heterogeneity of circulating tumor cells; EMT (epithelial-mesenchymal transition), 

neoadjuvant chemotherapy (NACT), breast cancer.

Introduction
CTCs are a heterogeneous population. Some cells are cancer stem cells, other cells are in an 

EMT (epithelial-mesenchymal transition) state, and most of the cells do not have EMT and stem-
ness properties [1, 2]. It was shown that neoadjuvant chemotherapy (NACT) on breast cancer does 
not act on CTCs in the EMT state [3]. The biological properties of circulating tumor cells (CTCs), 
and their dynamics during neoadjuvant chemotherapy are important, both for disease progression 
prediction and therapeutic target determination, with the aim of preventing disease progression. 
It has been observed that significant changes in the quantity of the different subsets of circulating 
tumor cells in patients’ blood were observed after carrying out the 3rd course of NACT. NACT 
causes significant changes in the quantity of six CTC subsets, with various combinations of stem-
ness and epithelial-mesenchymal transition (EMT) properties [4]. The aim of our study was to 



38 http://tnimc.ru/upload/publications/proceedings/2018_22_symposium.pdf

22ND INTERNATIONAL CHARLES HEIDELBERGER SYMPOSIUM ON CANCER RESEARCH

assess the relationship between the level of different populations of circulating tumor cells before 
treatment (before biopsy) with the effect of NACT.

Material and Methods
The prospective study includes 30 patients with invasive breast cancer T2-4N0-3M0 aged 32 

to 60 years admitted for treatment in Cancer Research Institute, Tomsk National Research Medical 
Center. Neoadjuvant chemotherapy was carried out for 14 patients. 16 patients were in the group 
without NACT. Venous blood samples taken before and after biopsy Venous blood samples (5 mL) 
were collected in tubes containing heparin and used for examination within 2 h.

The various pools of circulating tumor cells were determined using monoclonal antibodies to 
EpCam, CD44, CD45, CD24, N-cadherin, labeled with different fluorochromes on flow cytometry 
BD FACSCanto ™ II. 

Evaluating the effectiveness of neoadjuvant chemotherapy was carried out on a scale RECIST 
(Response Evaluation Criteriain Solid Tumors from 2000 YG) 14 days after the second and fourth 
courses of chemotherapy on the basis of clinical examination, ultrasound examination of the breasts 
and mammography. 

The obtained data were processed using variation statistics. Assessment of the normal distribution 
of the results was performed using the Kolmogorov-Smirnov test. The significance of differences 
was assessed using the nonparametric Mann-Whitney test.

Results
The study showed that patients with a complete and / or partial tumor regression after NACT  

level CTC with sign EMT in the blood before biopsy was significantly lower than in patients who 
have no observed response to treatment (stabilization and / or progression) (p= 0.02).

Table

Different populations of circulating tumor cells (CTCs) in the blood of breast cancer                   
patients before biopsy in groups with and without the effect of neoadjuvant chemotherapy,                     

Me (Q1–Q3), cells per μL

СТС
Presence of a 

response to NACT
(N=6)

No response to NACT
(N=8)

1 CTC-1 without stemness and EMT properties (EpCam+CD45-
CD44-CD24-N-cadherin-)

0,0 (0,0-0,0) 0,62 (0,18-1,92)
р=0,06

2 CTC-2 without stemness and with EMT properties (EpCam+CD45-
CD44-CD24-N-cadherin+)

0,06 (0,02-0,09) 0,67 (0,23-1,22)
р=0,02

3 CTC-3 with stemness and without EMT properties (EpCam+CD45-
CD44+CD24-N-cadherin-)

0,0 (0,00-0,24) 0,00 (0,00-0,02)
р=0,85

4 CTC-4 with stemness and EMT properties (EpCam+CD45-
CD44+CD24-N-cadherin+)

0,51 (0,21-0,73) 0,63 (0,02-0,73)
p=0,56

5 CTC-5 with stemness, without EMT properties and without EpCAM 
membrane expression

(EpCam-CD45-CD44+CD24-N-cadherin-)

2,37 (0,00-5,84) 0,23 (0,00-1,52)
p=0,92

6 CTC-6 with stemness and EMT properties and without EpCAM 
membrane expression (EpCam-CD45-CD44+CD24-N-cadherin+)

0,49 (0,06-2,35) 0,57 (0,22-3,31)
p=0,46

Conclusion
Thus, the level of CTC with a sign of EMT before treatment is associated with the effect of 

NACT. The level of CTC with stemness (without and in combination of EMT) before treatment is 
not associated with the effect of NACT. The results are useful for determining tactics and creating 
a personalized approach to the treatment of patients with invasive breast carcinoma. 

The study was conducted with financial support from the Council for Grants of the President 
of the Russian Federation МD-544.2018.7
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MRNA EXPRESSION OF CELLULAR MOVEMENT PROTEINS 
AND CALPAINS 1 AND 2 IN METASTASIS OF HEAD AND NECK 
SQUAMOUS CELL CARCINOMA AND NON-SMALL CELL LUNG 

CANCER
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The paper presents the results of the expression change in mRNA of actin binding proteins 
(ABPs): adenylyl-cyclase associated protein 1 and cofilin 1 in metastasis of non-small cell lung 
cancer (NSCLC) and head and neck squamous cell carcinoma (HNSCC). The expression of calpain 
1 and 2 was also studied as possible modulators of the ABPs. We showed the dependence of the 
expression level of ABPs and calpaines 1 and 2 mRNA on the presence of metastases in patients 
with HNSCC and NSCLC. The data indicated the involvement of ABPs and calpain system in 
tumor progression in NSCLC and HNSCC.

Keywords: non-small cell lung cancer, head and neck squamous cell carcinoma, metastases, prognosis.

Background
Non-small cell lung cancer (NSCLC) and head and neck squamous cell carcinoma (HNSCC) 

are the most common types of cancer [1, 2]. These cancers are usually asymptomatic during their 
early stages [3]. Metastases are very common in the late stages of cancer. Molecular mechanisms 
of metastasis formation have not been extensively studied. Actin binding proteins (ABPs) play 
an important role in the mechanisms of metastasis because they participate in the migration and 
invasion of tumor cells [4-6]. Such ABPs as little-studied adenylyl-cicalase associated protein 
1 (CAP1) and its partner-cofilin play a fundamental role in the work of the cytoskeleton [5, 6]. 
Therefore, the study of the CAP1 and cofilin role in the metastasis of NSCLC and LSCC is of great 
importance. It is known that ABPs are a substrate for the calpain proteolytic system [7]. Therefore, 
the study included calpaines 1 and 2, as possible modulators of the ABPs system.

Material and Methods
We evaluated the expression of ABPs (CFL1, CAP1) and calpaines (CAPN1, CAPN2) in 

paired tissue samples of NSCLC patients (T2-3N0M0, n = 15, T2-3N1-2M0, n = 10) and HNSCC 
patients (T2-3N0M0, n = 14; T2-4N1-2M0, n = 9) using SYBR Green I RT-PCR in real time with 
reference to normal tissue. As the referee gene the «housekeeping» gene of the GAPDH enzyme 
(glyceraldehydes-3-phosphate dehydrogenase) was used. Statistical analysis of the results was 
performed using Statistica 6.0 software.

Results
It was shown that the mRNA expression of CAP1 in tumor tissue of HNSCC and NSCLC pa-

tients with regional metastases was higher than that in patients without metastases. The expression 
of CFL1 mRNA was higher only in patients with NSCLC with metastases to the regional lymph 
nodes (Table 1). In general the results do not contradict the literature data [3, 6].

Table 1

The expression of mRNA of CAP1 and cofilin1 in tumor tissue depending on presence of 
metastases in regional lymph nodes (N)

Marker
NSCLC HNSCC 

Т2-3N0M0 Т2-3N1-2M0 Т2-3N0M0 Т2-3N1-2M0

САР1 1.70±0,28 3,40±0,40* 7,17±6,78 13,43±4,50*
CFL1 2,00±0,05 5,40±0,98* 12,85±23,6 8,26±14,08

Note: * - differences were significant compared to T2-3N0M0, p <0.05.

In patients with HNSCC, the mRNA expression of CAPN1 and CAPN2 was higher in patients 
with regional metastases than in patients without regional metastases. On contrary, in patients 
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with NSCLC, the mRNA expression of CAPN1 and CAPN2 was lower in patients with regional 
metastases than in patients having no metastases (Table 2). A multidirectional change in activity 
of proteolitic systems in primary tumors depending on the presence of lymphogenous metastases 
was previously shown [7, 8].

Table 2

mRNA expression of CAPN1 and CAPN2 in tumor tissue depending on presence of 
metastases in regional lymph nodes (N)

Marker
NSCLC HNSCC

Т2-3N0M0 Т2-3N1-2M0 Т2-3N0M0 Т2-3N1-2M0

САРN1 56,70±10,53 36,78±11,50* 6,96±13,55 10,37±9,54
CAPN2 37,79±9,22 4,80±0,80* 2,69±0,58 8,39±3,07*

Note: * - differences were significant compared to T2-3N0M0, p <0.05

Conclusion
The dependence of mRNA expression level of ABPs and calpaines on the presence of metastases 

in patients with HNSCC and NSCLC was shown. The data obtained indicated the involvement 
of ABPs and the calpain system in progression of NSCLC and HNSCC. The paper shows the 
feasibility of using CAP1, cofilin1 and calpain 1 and 2 for predicting metastases in patients with 
NSCLC and HNSCC.

This work was supported by the Russian Foundation for Basic Research (grant number 17–
04–00198 А and 18-415-703003 r_mol_a).
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INFLUENCE OF METHORMIN ON METABOLIC ACTIVITY LIKE 
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The effect of the antidiabetic drug metformin drug on the metabolic activity of Caki1 and 
HEK293 was studied. It was found that the incubation of cells with metformin leads to a decrease 
in their metabolic activity. The effect of metformin, discovered by us, has a linear dose-dependent 
character.

Keywords: metformin, proliferation, MTT, Caki1, HEK293.

The anticancer effect of metformin has been demonstrated in several types of cancer; however, 
the mechanisms involved are incompletely understood. Metformin exerts its anti-tumor effects 
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mainly through the AMPK/LKB1/TORC1 signaling pathway, thereby causing apoptosis in can-
cerous cells [1]. Metformin can reduce proliferation of cancer cells [2], angiogenesis, levels of 
insulin and insulin-like growth factors [3]. Other targets for anti-tumor effect of metformin could 
be the antagonization of obesity, anti-inflammatory effects and killing of cancer stem cells [4]. In 
addition, the effect of metformin on the metabolism in tumor tissues was shown [5, 6]. We inves-
tigated the cell line of kidney cancer (Caki1), which is notable for containing a large number of 
mitochondria, in order to analyze the effect of metformin on metabolism. To assess the specific 
effects of metformin on cancer cells, human embryonic kidney cells (HEK 293) were used as a 
comparison. Evaluation of metabolic activity was carried out with a tetrazolium dye test - MTT 
(3- (4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolium bromide). Restoration of MTT depends 
on the cellular metabolic activity: the activity of NADPH dehydrogenases and the concentration 
of NADPH.

Material and Methods
Cells were maintained in medium (DMEM) (Thermo Fisher Scientific, USA), supplemented with 

10% inactivated fetal bovine serum (FBS) (Thermo Fisher Scientific, USA), 100 IU / ml penicillin 
and 100 ng / ml streptomycin (PanEco, Moscow). The cells were cultured at 37 °C in a 90% humidi-
fied incubator with 5% CO2. ThenAn 8-channel multipipette was used, 100 μl DMEM medium was 
added to each well of a 96-well plate. The control wells were loaded only with DMEM medium, 
and in experimental wells DMEM containing 10 mM metformin. A certain number of cells were 
addedintroduced into each well of a 96-well plate. Preliminary cell counting was performed on a 
Countess instrument (Thermo Fisher Scientific, USA). 100 μl of 5×10 5 cells / ml of the solution 
for the first well was added and the contents were pipetted. Thus, the first well had the maximum 
number of cells, which was 2.5×105. Accordingly, serial dilutions of 1.25×105 and 6.25×104 were 
made further, and so on. Those. 100 μl from the first well was taken and added to the second well 
while stirring constantly. Then repeated for the next wells. From the last well that contained the 
minimal number of cells was withdrawn and discarded. The cells were then incubated for 24 hours 
in a CO2 incubator at 37 °C. After 24 hours, 0.5 mg / ml of MTT dissolved in DMEM + / + medium 
was added to each well, incubated for 3 hours at 37 ° C in an atmosphere of 5% CO2. A medium 
was taken and 100 μl of dimethylsulfoxide (DMSO) was added, thereby dissolving the formazan 
crystals. The optical density was spectrophotometrically measured (iMark Microplate Absorbance 
Reader, Bio-Rad USA) at a wavelength of 540 nm versus MTT solution in DMSO.

Results
When evaluating the effect of metformin on the cancer cell line Caki1, we detect that metformin 

reduced metabolism at p≤0.01 (Figure 1) in samples with a cell concentration of 2.5 * 105, 1.25 * 
105, 0.6125 * 105. Decreased proliferation was observed approximately in 50% samples, compared 
with the control group (without metformin).

Figure 1. Effect of metformin on Caki1 and HEK293 (axis y – the optical density).
For comparison, we studied the effect of metformin on HEK293. It was established that 

for untransformed embryonic kidney cells there were no statistically significant differences in 
metabolism after adding of metformin compared to control samples (Figure 1). Despite the fact 
that there are no statistically significant differences at a given concentration of metformin, at a cell 
concentration of 2.5×105 we see a tendency to decrease metabolic activity. Perhaps this indicates 
that embryonic kidney cells are less sensitive to this drug.
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We analyzed the effect of various concentrations of metformin on the Caki1 cell line. Thus, 
when metformin 5mM was added to the medium, the metabolic activity of the cells was reduced 
by 16.8% (p = 0.11), which had no statistically significant difference with the control. But with 
the addition of 10 mM metformin, there was a two-fold decrease in proliferation as compared to 
control samples (p = 0.001) (Figure 2).

Further, an increase in the concentration of metformin to 20 mM and 40 mM led to a statisti-
cally significant decrease in metabolic activity up to 53% and 63%, respectively.

Figure 2. The dose-dependent effect of metformin on the metabolic activity of Caki1.
A significant difference in the optical density values was also obtained between samples of 10 

mM and 40 mM (p = 0.001).
Conclusions
It was found that metformin has an inhibitory effect on the metabolism of Caki1 and HEK 293. 

The maximum expressed inhibitory effect of metformin was observed at a concentration of Caki1 
cells of 2.5×105 cells. When analyzing dose-response effects of metformin on Caki1, it was found 
that the higher the concentration of metformin, the more pronounced the decrease in metabolism, 
namely the work of NADPH-dehydrogenases.
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The aim of our study was to investigate the effect of metformin on the cell membrane.
Metformin, a drug with diabetes with a well-established side effect and safety profiles, is 

widely studied for its anti-tumor activity in a number of cancers. But its mechanism of action in 
the clinical arena remains unclear. It is known that the short-term administration of metformin has 
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an antitumor effect that significantly affects the indirect, insulin-dependent pathway. The role of 
the direct path remains to be determined [1, 2].

Materials and Methods
Whole blood on oxalate in a volume of 0.5 ml was incubated for 60 minutes in a thermostat 

at 37 °C. In the first experimental series, 0.25 ml of a 30 mM metformin solution prepared in 
physiological saline was added to the whole blood. In the second control series, an appropriate 
volume of physiological sodium chloride solution was added. After incubation, 0.1 ml of blood 
samples from both series were used for the determination of the erythrocyte osmotic fragility by 
the method of L.I. Idelson [3]  evaluated by the degree of hemolysis of erythrocytes in a hypotonic 
solution of 0.4 % sodium chloride, using photoelectrocolorimetry at a wavelength of 540 nm. To 
assess the effect of metformin on the antioxidant protection of erythrocytes spectrophotometrically 
(412 nm), the level of reduced glutathione was determined. The activity of glucose-6-phosphate 
dehydrogenase was determined by a standard kit of Sentinel Diagnostics

Statistical analysis was performed using the license package StatSoft Statistica 10.0. The results 
were presented as the arithmetic mean and its standard deviation (M ± σ). Differences were assessed 
by the Student’s test, considering them to be significant at p <0.05.

Results
It was found that incubation of whole blood with metformin at a final concentration of 10 mM 

significantly affects the stability of erythrocyte membranes to hypotonic solutions. In the presence 
of metformin, the degree of hemolysis was statistically significant, 1.12 times higher than in the 
control series of experiments, respectively  63.0 ± 13.7% and 51.4 ± 10.0% (p = 0.008).

The observed effects of metformin on the stability of plasma membranes of erythrocytes 
in relation to hypotonic solutions can be explained by several mechanisms, for example, the 
effect of metformin on the changes in cell membranes [4]. It is impossible to exclude the direct 
modification of metformin by cellular mechanisms of transmembrane transport of ions and water 
[5, 6]. The effects of metformin on the erythrocyte osmotic fragility can be mediated. It is known 
that metformin is able to influence the reactions of carbohydrate metabolism [4]. This version is 
supported by the results obtained on the change in the pool of reduced glutathione in erythrocytes 
after their treatment with metformin (figure 1).

Figure 1. Influence of metformin (30 mM) on the concentration of reduced glutathione in erythrocytes at a preliminary 
incubation of whole blood.

The main role of glucose-6-phosphate dehydrogenase is the synthesis of NADPH. One of 
the main roles of NADPH in erythrocytes is the restoration of glutathione. The lack of reduced 
glutathione and the action of drugs, such as Pamakhin, cause changes in the surface of red blood 
cells, which increases their destruction. The lack of glutathione is simultaneously accompanied 
by an increase in the formation of toxic peroxides, which also has a negative effect on the state of 
the cell membrane. Thus, the insufficiency of glucose-6-phosphate dehydrogenase is the cause of 
drug hemolytic anemia [4].

Based on the results obtained, we decided to look at the activity of glucose-6-phosphate 
dehydrogenase in erythrocytes during incubation with metformin (10 mM). We found a decrease 
in the activity of the enzyme under the influence of metformin (figure 2).
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Figure 2 Changes in the activity of glucose-6-phosphate dehydrogenase by metformin.

Conclusion
We found that metformin reduced the activity of glucose-6-phosphate dehydrogenase that 

resulted in a decrease in glutathione, thus leading to the destruction of erythrocyte membranes, 
i.e. to a decrease in the osmotic resistance of erythrocytes.

REFERENCES
1. Maniar K., Singh V., Chakrabarti A., Bhattacharyya R., Banerjee D. High dose targeted delivery on cancer sites and the impor-

tance of short-chain fatty acids for metformin’s action: Two crucial aspects of the wonder drug. Regul Toxicol Pharmacol. 2018 Aug; 
97: 1516. doi: 10.1016/j.yrtph.2018.05.013.

2. Camacho L., Dasgupta A., Jiralerspong S. Metformin in breast cancer  an evolving mystery. Breast Cancer Res. 2015 Jun 26; 
17: 88. doi: 10.1186/s13058-015-0598-8.

3. Medvedev B.I., Pomaskin I.N., Nikolaeva I.S. Markina O.K. Adrenoreactivity erythrocytes in dynamics of uncomplicated preg-
nancy and the treatment of preterm labor. Bulletin of South Ural State University. 2009; 39(172): 125. [in Russian]

4. Smirnova O.M. Place of metformin in the modern treatment of prevention of type 2 diabetes. Diabetes. 2010; 3: 83. [in Rus-
sian]

5. Krysova A.V., Kunshin A.A., Tsirkin V.I. Sexual peculiarities of osmotic resistance of human erythrocytes, detected with an ex-
posure of erythrocytes in distilled water. Physiology Herald of Nizhnegorodsky University of N.I. Lobachevsky. 2011; 2(2): 266272. 
[in Russian]

6. Gritti M., Würth R., Angelini M., Barbieri F., Peretti M., Pizzi E., Pattarozzi A., Carra E., Sirito R., Daga A., Curmi P.M., Maz-
zanti M., Florio T. Metformin repositioning as antitumoral agent: selective antiproliferative effects in human glioblastoma stem cells, 
via inhibition of CLIC1-mediated ion current. Oncotarget. 2014 Nov 30; 5(22): 1125268.

INTEGRATION MOLECULAR TESTING IN DIAGNOSIS, 
TREATMENT AND PREVENTION OF MEDULLAR THYROID 

CANCER IN CHILDREN

T.P. Kazubskaya1, V.M. Kozlova1, T.T. Kondrat’eva1, R.B. Shishkov1, 
Yu.I. Trofomov2, F.A. Amosenko1, V.J. Brjezovsky1, V.G. Polaykov1, 
L.N. Lubchenko1

N.N. Blokhin National Medical Research Center of Oncology, Moscow, Russia1

Research and Clinical Center of Otorhinolaryngology FMBA, Moscow, Russian2

Modern molecular genetic technologies in cancer study promotes their introduction into clinical 
practice, opening up new opportunities in diagnosis, choice of tactics for management and prevention 
of hereditary forms of malignant tumors in children. Medullar thyroid cancer (MTC) in children 
occurs either in or non-heritable form, the outcome of disease depends on early diagnosis.

The aim is to evaluate the possibilities of practical application of molecular diagnostic in the 
medical genetic counseling of the medullar thyroid cancer.

Design/Methods
Information and follow up date from 33 patients with MTC and 47 their family members were 

collected and studied in NN Blokhin Research Cancer Center. The age of the patients was from 2.5 
to 21 years. A total of patients were examined between 1994 and 2016 years. The genetic tests for 
RET mutations were analyzed on peripheral blood samples from 33 patients and 47 their relatives, 
and their clinical significance was studied. In this study, six separate exons 10, 11 and 13-16 of 
the RET gene were analyzed using polymerase chain reaction-single-stranded conformational 
polymorphism (PCR-SSCP) analyses.
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Results
Hereditary MTC detected in patients was associated with rare endocrinopathies included en-

docrine neoplasia (MEN) type 2 A (MEN 2A), type B (MEN 2B) and familial MTC (FMTC) as a 
variant of MEN2A. About 25% of patients with MTC have one of these familial syndromes with 
autosomal dominant type of inheritance. Germline mutations of RET proto-oncogene (chromo-
some 10 (10q11-2) is the cause of these syndromes. Testing the gene in the families of patients 
with MTC has made possible to identify a number of characteristic “RET-dependent” phenotypes. 
Of the 17 patients with MEN2A syndrome, 14 had a genotype in exon 11, substitution C634R 
(Cys→Arg), C634S (Cys→Ser) cоdоn 634 and one of them- del632-636ins6 (exon 11). It is in-
teresting that one of the patients had two mutations in exon 14 (I852M) and the second - in exon 
13 (Y791F). In families of the carriers of the genotype (C634R) MTC appeared at different ages. 
Moreover, in these families pheochromocytomas affected 50% of the relatives, and some of them 
had this tumor before MTC. The earliest manifestation MTC in patients with the genotype (C634R) 
was the child 3.5 years old. This child underwent prophylactic thyroidectomy. A postoperative 
histological examination in the removed gland showed microcarcinomas. In the carrier of the 
mutation in exon 11 (C634S) MTC appeared at 11 years old. His mother with the same mutation 
has been diagnosed with MTC in her 23s, after that she had pheochromocytoma in 34 years. In 
this family many other relatives on the mother’s side had MTC diagnosed in the several genera-
tions. In a child 2.5 years with the genotype (del632-636ins6) exon 11 preventive thyroidectomy 
revealed C-cell hyperplasia. In his family, MTC in combination with a pheochromocytoma were 
observed after 28 years in several generations. Identified genotypes were associated with high 
penetrance for MTC and pheochromocytoma. An interesting family is child of 4 years old with the 
RET mutations (I852M) inherited from the mother and the mutation (Y791F) inherited from the 
father. His mother was cure with thyroidectomy for MTC in her 24s and two size adrenalectomy 
for pheochromocytoma in 25 years old. She also had two mutations (C634R and I852M), one 
of which (C634R) was inherited from her father with the same diseases, and the other mutation 
(I852M) that origin remained unknown. The father of this child had the mutation (Y791F) and at 
28 years of age with no signs of disease. The presence of two mutations in the child and beginning 
increased of calcitonin level became the cause of preventive thyroidectomy, which did revealed 
C-cell hyperplasia. The specific in an amino acid change in carriers of different mutations in this 
family correlated with the different course of the disease, showing incomplete penetrance of 
(Y791F). mutation. In MEN2A families were indicate the RET mutations (C634R), (C634S) and 
(del632-636ins6) that predisposes to extremely risk of medullary thyroid cancer associated with a 
life-long risk of phaeochromocytoma. In 12 children, MTC (with regional and distant metastases) 
is diagnosed at the age of 6 to 17 years. Children have marfanoid habitus and mucosal neuromas 
(mucous cheeks and lips), which allowed identification of MEN 2B syndromes. Patients with MEN 
2B typically have a point mutation in the intracellular kinase catalytic domain. All children have 
the same mutation in exon 16 (M918T), codon 918. The fathers of these children were clinically 
healthy. Their mothers did not have a mutation, except one of them with MEN 2B. She died from 
the progression of pheochromocytoma. Probably in 11 children with MEN 2B the mutations aroused 
«de novo». Familial forms MTC was found in 4 families. Patients with FMTC have incidence 
only MTC that aroused in relatives over the age of 28 during the management and there was no 
metastasis. The RET mutations in these families were found in codons 620 and 804.

A total of 10 children carriers of RET mutations underwent prophylactic thyroid surgery. MTC 
was found in six of 10 children (60 per cent) aged 2,5 years or more. Of four children 2 had foci 
C-cell hyperplasia. For two of them thyroid surgery was prophylactic. The clinical course of disease 
(familial MEN) for the carrier of RET mutation in codons 620 и 804 was more favorable. Ac-
cording to our observations, the carrier of RET mutation in codon 634 recommended prophylactic 
thyroid surgery at the age before 5 years, regardless of the calcitonin level. Antenatal diagnosis of 
the disease with MEN-2A and familial MEN syndromes were carried out.

Conclusion
Genetic testing of RET mutations helps the early diagnosis and stratifies of the risk developing 

MTC. The efficacy and safe surgery treatment of MTC depends of the type of mutation. Diagnosis 
of RET mutations allows genetically dividing the disease in depending of the type of mutation that 
determines the severity of the course of the disease and the management of patients There was 
an opportunity to prevent the development of the disease, give a more accurate prognosis of the 
disease course, informs the timing of thyroidectomy and possibility for patients to plan a family.

Keywords: Multiple endocrine neoplasia type 2, germline RET mutations.
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CLINICAL AND MORPHOLOGICAL FEATURES 
OF ENDOMETRIAL CANCER wITH DIFFERENT STRUCTURAL 

VARIANTS OF METABOLIC SYNDROME

A.Yu. Kishkina1, L.A. Kolomiets1,2, N. V. Yunusova1,2

Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences, 
Tomsk, Russia1

Siberian State Medical Univercity, Tomsk, Russia2

Over the past decades, endometrial cancer incidence has been significantly increased [1]. The 
obesity epidemic has had a dramatic impact on endometrial cancer [2]. In accordance with the 
international recommendations, there are 3, 4 and 5 components of metabolic syndrome (MS). 
However, the frequency of occurrence of these components of MS in patients with endometrial 
cancer has not been studied yet. The goal of the study was to evaluate clinical and morphological 
features of endometrial cancer: clinical course, depth of invasion, metastatic lymph nodes, mor-
phological variants depending on structural variants of MS. Material and Methods. The study 
included the results of retro-and prospective analysis of clinical data of 238 endometrial cancer 
patients, who underwent surgical treatment at the clinic of Oncology research Institute of Tomsk 
NRMC from 2013 to 2017. Results. According to the criteria of the IDF, out of the 238 patients 
with endometrial cancer, 135 (56.7%) had metabolic syndrome. Assessment of the frequency of 
occurrence of 3, 4 and 5 components of MS were analyzed in 31 patients. It was revealed that 3 
components of MS were found in 6 (19.3%) patients, 4 components in 16 (51%) patients and 5 
components in 8 (25.8%) patients. Conclusions. The characteristics of the course of endometrial 
cancer on a background of metabolic syndrome were the depth of invasion up to ½ of the myo-
metrium – 65,3%, moderate degree of differentiation is 66,1%.

Keywords: еndometrial cancer, obesity, metabolic syndrome.

Relevance
Over the past decades, the incidence of endometrial cancer has been significantly increased 

[1] The obesity epidemic has had a dramatic impact on endometrial cancer [2]. Obesity leads to 
increased estrogen level produced by fat tissue, which is one of the major risk factors of endometrial 
cancer. Other factors that increase the risk of endometrial cancer, regardless of obesity are diabetes 
and hypertension. [5]. Obesity is not always unambiguous in its manifestations and consequences, 
justifying in the first place, the distinction between phenotypes and emphasizing the need for 
comparative study in cancer patients, including patients with endometrial cancer [4]. In accordance 
with international recommendations [DF, 2005, ESH-ESC, 2007], there are three -, four -, and five-
components of MS. The proportion of patients with three-component variant of MS is much higher 
than with four and five components [6]. The most common ternary form of MS is a combination 
of abdominal obesity, hypertension and lower HDL cholesterol. The leading components of MS 
are abdominal obesity and hypertension. For example, in St. Petersburg, the prevalence of all five 
components of MS (that is its full form) in the 30-55 year-old individuals with abdominal obesity 
was small and amounted for 12.3 % [IDF 2005] and 11.2 % [ESH-ESC, 2007]. The prevalence of 
MS varies in different regions of Russia and it depends not only on racial difference but also on 
traditions, lifestyle, physical activity, nutritional behavior (consumption of high-calorie, rich in 
animal fats), education, gender, genetic predisposition, ethnicity and many other factors [7].

Objective of the study: to evaluate clinical and morphological features of endometrial cancer: 
clinical course, depth of invasion, metastatic lesion of lymph nodes, morphological variants 
depending on structural variants of MS.

Material and Methods
The study included the results of retro-and prospective analysis of the clinical data of 238 

patients with endometrial cancer, who received surgical treatment at the clinic of Oncology research 
Institute of Tomsk NRMC from 2013 to 2017. Stage of endometrial cancer was determined in 
accordance with international FIGO classification (2009) and TNM (UICC, 7th revision, 2010). For 
the detection of MS, we used criteria of the International diabetes Federation (IDF 2005). Among 
endometrial cancer patients, 135 (56.7%) patients were diagnosed with MS.
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Results
According to the criteria of the International diabetes Federation (IDF 2005), out of the 238 

patients with endometrial cancer, there were 135 (56.7%) with metabolic syndrome. Stage I was 
observed in 127 (94%) patients, stage II in 4 (2.9%) patients and stage III in 4 patients (2.9%). All 
patients were diagnosed with endometrioid adenocarcinoma. When assessing the depth of invasion, 
it was found that the tumor within the mucosa was observed in 18 (14.1%) patients, invasion depth 
of less than ½ of the myometrium in 83(65.3%) patients, and invasion depth of more than ½ of 
the myometrium in 26 (20.4%) patients. High-grade tumor was found in 21 (16.5%) patients, 
intermediate grade tumor in 84 (66.1%) patients, and low-grade tumor was observed in 22 (17.3%) 
patients. In the assessment of reproductive function, it was noted that 108 (85%) patients were in 
menopause, and 19 (14.9%) patients were of reproductive age. The patients’ mean age was 54.3 
years. Regarding postoperative complications, there were: pelvic hematoma, subacute ischemic 
stroke in posterior cerebral artery on the left and thrombophlebitis of the GSV (popliteal segment) 
and tibial veins on the right. The frequency of 3- 4 - and 5-component MS was analyzed in 31 
patients. It was revealed that the 3-component MS was found in 6 (19.3%) patients, 4-component 
MS in 16 (51%) patients and 5 component MS in 8 (25.8%) patients. The 4-component MS was 
the most common. The most common 4-component MS combinations were as follows: abdominal 
obesity, elevated blood pressure, reduced HDL cholesterol and elevated glucose level (31.2%) 
followed by abdominal obesity, elevated blood pressure, reduced HDL cholesterol and elevated 
triglycerides (31.2%). The most common 3-component MS combinations were: abdominal obesity, 
elevated blood pressure level with a violation of carbohydrate and lipid metabolism (50%) 

Conclusions
The proportion of endometrial cancer with metabolic syndrome were the depth of invasion of 

less than ½ of the myometrium (65.3%) and intermediate grade tumor (66.1%). The 4-component 
MS was the most common combination of MS.
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Absorption spectra of paraffin-embedded prostate and adenocarcinoma cancer tissues and 
healthy tissues have been measured in the 0.3-3 THz range. The Principal Component Analysis 
was applied to separate informative features in measured THz spectra. The Support Vector Machine 
(SVM) classifier was created which allows to distinguish the tumor tissues from healthy tissues, 
including classification of prostate cancer tissue stage according to the Gleason scale.
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Introduction
Formalin-fixed paraffin-embedded (FFPE) tissue samples are widely used worldwide in diagnosis 

and research. The protocol for FFPE tissue samples sectioning has been developed to prevent 
cross-contamination and distributed between participating centers [1]. An international panel of 
pathologists developed a consensus histopathology evaluation form, as a result, the histopathology 
evaluation of the cases assured the presence of the targeted tissue, identified the presence of other 
tissues that could disturb the molecular diagnosis and allowed the assessment of tissue quality. 
Thus, the protocol allows processing correctly FFPE tissue samples for study.

The cancer diagnostics is known to be one of the main problems in medicine. A challenge in the 
cancer diagnosis and surgery is operative tumor localization. The investigation of paraffin tissue 
blocks could provide useful information to determine the position and extent of the embedded 
tissue prior to the histopathology sectioning [2].

Difference in THz absorbance between malignant tumor and normal tissues can be useful for 
instrumental diagnosis. Recently, the THz imaging has been used to identify skin tumors [3], breast 
cancer [4], colon cancer [5], malignant tumor in liver [6], in brain [7]. To realize potential of THz 
imaging, efficient methods of automatic image content analysis should be created. 

The results of application of Machine Learning approach in paraffin embedded cancer tissue 
terahertz 2d imaging analysis will be discussed in the report.

Results
Absorption spectra of paraffin blocks were measured using of Time-domain THz spectrometer 

(EKSPLA, Estonia) with tuning range 0.3-3 THz. A spatial 2D absorption spectra scanning with 
averaging over scans at every spatial point (1024 scans) was carried out. The spatial step of scanning 
was varied from 0.1 mm to 1.0 mm. The examples of THz images are presented in the Figure 1. 
In total, 100 scans for cancer and healthy tissues were analyzed.

 a   b  

The results of SVM classification of lymph node metastasis and healthy node THz images are 
presented in the Table 1.

Table 1

SVM classification of lymph node metastasis and healthy node THz images

Binary classification
Sensitivity Specificity

Mean Standard 
deviation Mean Standard devia-

tion
Cancer tissue / Healthy tissue 0.987 0.0002 0.983 0.0002

The work was carried out under partial financial support of the Russian Fund of the Fundamental 
Research (grant № 17-00-00186 and № 18-42-703012).
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CELLULAR MOTILITY PROTEINS AS NEw MOLECULAR 
MARKERS FOR EARLY DIAGNOSIS OF CANCER

I.V. Kondakova, N.V. Yunusova, L.V. Spirina, G.V. Kakurina, O.V. Cheremisina, 
L.A. Kolomiets, E.L. Choinzonov
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Tomsk, Russia

In the process of neoplastic transformation epithelial cells acquire the property of motility. In 
the present work, the contents of actin-binding proteins and calpain activity in malignant tumors 
and precancer tissues were studied for estimation of the involvement of locomototor proteins 
in the process of carcinogenesis. The contents of actin-binding proteins were evaluated by flow 
cytofluorimetry, Western blotting and by the ELISA. In patients with dysplastic changes in the 
epithelium of the larynx, the content of CAP1 was decreased compared to the group of patients with 
laryngeal cancer, stage I. An increase in arp3, gelsolin, cofilin-1, thymosin-β4 in endometrial cancer 
was shown in comparison to hyperplasia. Single-factor logistic regression analysis showed that 
the activity of calpaines in hyperplastic tissue and the levels of thymosinβ-4and cofilin can be an 
independent predictor of the development of cancer.

Keywords: cancer, precancer, cellular motility, actin-binding proteins, calpains.

Introduction
Neoplastic transformation and following cancer progression are associated with the basic cancer 

properties as disorders of the cell locomotion. The acquirement of the malignant phenotype leads 
to changes in cell cytoskeleton, that are important for epithelial cancer cell proliferation, migra-
tion and epithelial-mesenchymal transition [1, 2]. The remodeling of actin cytoskeleton plays a 
central role in generating force to drive cell locomotion, which is regulated by a plethora of actin 
binding proteins (ABPs). These ABPs perform the different functions: bind actin monomers (thy-
mosin β-4); depolymerize and sever filaments (cofilin-1, gelsolin) and facilitate the formation of 
filament bundles (Arp2/3) [3]. Recently, a new ABP - cyclase-associated protein (CAP 1) has been 
discovered, which cuts actin filaments [4]. Cancer cell movement is linked to calcium-dependent 
intracellular nonlysosomal cysteine proteases calpains which affect cancer cell motility through 
many pathways, such as the Wnt- and the NF-κB- signaling pathways [8, 9]. ABPs and calpains 
play an important role in pathogenesis of cancer [5, 6, 7, 10]. The aim of the study was to compare 
the content of ABPs and calpain activity in cancerous and precancerous tissues.

Material and Methods
The material for the study was the samples of cancerous and precancerous tissues. The study 

included 32 primary patients with histologically verified cancer of the larynx and laryngopharynx 
(T1-4N0-3M0), 12 patients with chronic inflammatory laryngeal and laryngopharyngeal gadiseases 
associated with dysplastic changes in the mucous membrane (DI-III). Also the study included 31 
postmenopausal patients with stage I-II endometrioid EC and 40 patients with typical and atypical 
endometrial hyperplasia.

Tissue homogenates of cancerous and precancerous tissues of the larynx and laryngopharynx 
were analyzed using the Human Adenylyl cyclase-associated protein ELISA Kit (Cusabio) on an 
Anthos Reader 2020 (Biochrom) microplate reader. The content of Arp3, gelsolin, cofillin and 
thymosin β-4 levels was determined by Flow cytometry and Western blotting. The total calpain 
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activity was estimated by fluorimetric method. Statistical analysis was performed using Statistica 
10.0 software.

Results
Analysis of the CAP1 content in tissue samples showed that the amount of protein in laryngeal 

epithelium of patients with dysplastic changes (DI-III) was significantly higher compared the cancer 
tissues with stage T1N0M0 (41.00 (25.00; 76.00) v.s. 25.00 (25.00; 25.00), p <0.05).

We have revealed the increased levels of cofilin-1, thymosin β-4 and decreased expression of 
Arp3 in cancer tissues in comparison to endometrial hyperplasia.

The results on the total activity of calpains in hyperplastic and malignant tissues of endome-
trium are presented in Table 2. The activity of calpains in the ER tissue was 7.4 times higher than 
for endometrial hyperplasia (p = 0.000). Also in laryngeal cancer tissue, the activity of calpaines 
in tumor tissue was higher than that observed in dysplastic tissues (Table 2). Single-factor logistic 
regression analysis showed that the levels of thymosinβ-4, cofilin and total calpain activity were 
independent cancer risk factors in patients with endometrial hyperplasia.

Table 2

Тотаl activity of calpaines in hyperplastic and malignant tissues of the  endometrium.

Samples N Ме (Q1;Q3) P (U-test)
Endometrial hyperplasia 12 23 (10,4;28,8)
Endometrium carcinoma 10 171,5 (77,5-333,0) Р1=0,0000

Dysplasia of larynx and laryngopharynx 11 28,6 (13,5-39,4)
Cancer of larynx and laryngopharynx 30 125,7 (67,0-256,0) P2=0.0000

Note: Р1 – a significant difference between endometrial hyperplasia and endometrium carcinoma, Р2 - between dysplasia of the 
larynx and laryngopharynx and cancer of the larynx and laryngopharynx.

Conclusions
The results showed the involvement of actin-binding proteins and calpains in carcinogenesis. 

Levels of thymosinβ-4, cofilin and activity of calpaines in hyperplastic tissue can be an independent 
predictor of the development of cancer.

This work was supported by the Russian Foundation for Basic Research (grant № 17–04–
00198 А).
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Photodynamic therapy (PDT) has become a well-studied therapy for malignant tumors. At 
different stages PDT requires imaging to plan, evaluate and monitor the treatment. The contribution 
of different types modes of imaging in this context is important and continues to increase. Distribution 
of Photodithazine, as chlorin e6-based photosensitizer (PS), in human skin carcinoma samples was 
studied ex vivo using laser scanning microscopy (LSM) prior to exposure. Morphological changes 
in tumors after PDT were evaluated by two independent experts using histological staining study 
(H&E). The morphological changes and the data from laser scanning microscopy demonstrate that 
the disorganization of tumour vascular bed is a key event in PDT with Photodithazine, which is 
probably due to the predominant accumulation of the drug in the tumour stroma.

Keywords: photodynamic therapy, Photodithazine, photosensitizer biodistribution, 
human skin carcinoma, laser scanning microscopy, pathomorphosis.

Introduction
PDT has become a well-studied therapy for cancer. PS, proper laser irradiation, and oxygen are 

essential components for effective PDT in clinical cancer treatment [1]. At different stages PDT 
requires visualization to plan, evaluate and monitor treatment. The contribution of different types 
of imaging in this context is important and continues to increase [2].

The aim of the research was to study morphological changes after PDT in the human skin 
tumor and to show the possibility of LSM to observe the biodistribution of chlorin e6-based 
photosensitizer.

Material and Methods
The protocol of the study was approved by the local Ethics Committee of the Nizhny Novgorod 

State Medical Academy. The study involved 32 patients. PDT was performed with a morphologically 
verified basal cell carcinoma T1-2N0M0 with the following laser radiation parameters: wavelength 
662 nm, power density of 0.30 W/cm2, energy density of 150-250 J/cm2. As a photosensitizer, we 
used Photodithazine in a dose of 1.0 mg/kg. To study the development of morphological changes, 
biopsy was performed at definite time intervals: 2 hours after PS introduction, immediately after 
PDT, 2 hours after PDT, 1, 4, 6, 12 days after PDT. Study of PS distribution in human skin carci-
noma samples was conducted using 510 META laser scanning microscope ex vivo prior to laser 
exposure. Morphological changes in tumours after PDT were evaluated by two independent experts 
using histological staining study (H&E).

Results
LSM imaging of samples prior to laser exposure showed that PS concentration in the perivascular 

space and extracellular matrix of the tumor microenvironment are higher than the concentration 
in the tumor cells (Figure 1, a-c). Fluorescence of PS was proved by spectral analysis. Immedi-
ately after PDT and after 2 hours no signs of pathomorphosis were found while there was a slight 
oedema of tissues. In the early period after PDT (1-2 day. Figure 1. e, f) the main morphological 
changes were haemorrhages, plethora of blood vessels, thrombi formation, stasis and the sludge 
phenomenon. In the late period (4-6 days), necrotic changes of tumour prevailed, and repair proc-
esses were observed by the 12th day (Figure 1, g). 
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Figure 1. Images of postoperative artery sample, 120 minutes after the intravenous injection of Photodithazine (a-c). 
Images of biopsy samples of skin basal cell carcinoma before PDT (d), 1 day after PDT (e), 2 day after PDT (f), and 12 
day after PDT (g); a, d-g - H&E stained sample; b, c ‑ fluorescence image, non‑stained sample, photo done with LSM; 

b - excitation - 800 nm, detection - 400 nm (detection of collagen); c - excitation – 632 nm, detection – 655-710 nm 
(fluorescence of PS)

Conclusion
The morphological changes and the data of laser scanning microscopy demonstrate that the dis-

organization of tumour vascular bed is a key event in PDT with Photodithazine, which is probably 
due to the predominant accumulation of the drug in the tumor stroma. This indicates that targeting 
the vasculature of tumors is effective in enhancing the therapeutic efficacy of PDT [3].

The authors thank the Ministry of Education and Science of the Russian Federation (Project 
RFmEFI60414X0027, Contract № 14. В25.31.0015) and the Russian Foundation for Basic Re-
search (grant №16-02-00974) for the financial support.
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At present, the research of the metabolism of malignant tumors has led to the discovery of 
new targets of anti-tumor chemotherapy, which is based on blocking the energy production of the 
tumor cell. Inhibitors of glycolysis iodoacetate and 2-deoxyglucose have been studied as anti-tumor 
agents in the Lewis lung carcinoma model. Iodoacetate showed the effectiveness of anti-tumor and 
anti-metastatic action, however a high systemic toxicity was revealed for it. The 2-deoxyglucose 
inhibitor showed only an anti-tumor effect.

Keywords: warburg effect, glycolysis inhibitors, tumor.

One of the most important metabolic changes in malignant tumor cells is the formation of the Warburg 
effect that can be considered as one of the key moments of anti-tumor therapy [1, 2].

Advances in understanding the complex cellular and molecular mechanisms associated with the 
Warburg effect have become the basis for the creation of new selective and specific agents, glycolysis 
inhibitors, some of which have reached clinical trials [3]. Despite the successful preclinical trials, 
many new anti-tumor agents related to glycolysis inhibitors have failed in phase I or II clinical trials, 
demonstrating systemic toxicity [4]. This situation requires the search for selective anti-glycolytic 
agents with low toxicity, or the use of methods that reduce side effects of toxicity.

Two-deoxyglucose is one of the glycolysis inhibitors, which have moderate toxicity relative to other 
similar inhibitors. This analog of glucose is one of the most actively investigated inhibitors of glycolysis 
[5]. However, due to the fact that 2-deoxyglucose is a competitive inhibitor of glucose present in the blood 
at high concentrations, there are serious concerns about the existence of a sufficient therapeutic window for 
this compound [6].

Iodoacetate, which is practically unexplored glycolysis inhibitor, lacks the disadvantages of 2-deoxyglu-
cose, but has a more pronounced systemic toxicity. Iodoacetate is a non-selective inhibitor and acts on key 
enzymes of glycolysis and pentose phosphate pathway [1, 5]. In this regard, new selective anti-glycolytic 
agents with low toxicity or methods that reduce their side effects of toxicity.

The purpose of this work was to evaluate the anti-tumor properties of inhibitors of carbohydrate metabo-
lism of iodoacetate and 2-deoxyglucose as anti-tumor agents.

Material and Methods
The experiment was performed on mice of the line C57BL/6j (males) weighing 25-30 g, obtained from 

the nursery of the Research Institute of Pharmacology (TNRMC). The studies were conducted in compliance 
with the rules of laboratory practice in preclinical studies.

To transplant Lewis lung carcinoma (LLC), all animals were inoculated into the thigh muscle of LLC tumor 
cells. The hip volume was determined from the 3-day caliper and calculated from the formula (x∙y∙z)∙π/6, 
where x, y and z are the largest diameter of the tumor in three planes.

For visualization, photographs of the macro preparation were made in transmitted light using a Canon 
EOS 6D SLR camera.

In the study, the anti-tumor effect of glycolysis inhibitors used iodoacetate (IA, Sigma-Aldrich), 2-de-
oxyglucose (2-DG, Molekula). Methotrexate (MTX, Ebéve Pharma) was chosen as the reference drug. The 
drugs were administered intraperitoneally at MTD. The treatment of the animals started from the sixth day 
from the moment of inoculation of the tumor cells.

Tumor growth inhibition (TGI) and the level of inhibition of metastases (IM) in the lungs were calculated 
according to standards of the cancer research [7].

Statistical processing of data was carried out using a Mann-Whitney test.
Results
The efficacy of TGI in monoiodoacetate and 2-deoxyglucose averaged 15% and was comparable to that 

of methotrexate. The greatest therapeutic effect was recorded at the time of drug administration (Figure 1). 
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By the 21st day, the antitumor effect on the primary tumor was almost completely leveled in all the treated 
groups.
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Figure 1. The effects of methotrexate (MTX), iodoacetate (IA) and 2-deoxyglucose (2-DG) on TGI of primary tumor of 
LLC. No difference in TGI between the drugs was found

The antimetastatic activity of the inhibitors varied. The IM level in the lungs with IA and MTX was 
stronger than that of the drugs on the primary tumor. The average for both treatment groups was 65%. 2-DG 
showed antimetastatic activity with a slight boost (Figures 2).

      
Figure 2. Right lung of mice with LLC: a - control, b - methotrexate, c - iodoacetate, d - 2-deoxyglucose

Perhaps this is due to the mechanism of cell death. The death of a cell under the action of IA occurs by 
necrosis, and in the case of 2-DG by apoptosis. Probably, under the action of 2-DG, signaling pathways are 
formed that stimulate resistant to apoptosis tumor cells to metastatic activity.

Conclusion
The glycolysis inhibitor IA showed an efficacy comparable to the reference preparation. 2-DG with MTD 

had an inhibitory effect on the primary tumor at LLC, but in respect of metastasis its effect was promoter. 
Therefore, it is worthwhile to carefully consider the therapeutic use of 2-DG for metastatic types of tumors 
and possible adverse effects in vivo, including malignant neoplasms in humans.
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Carotid body tumors (CBTs) are the most frequent paragangliomas of the head and neck that 
arise in the bifurcation of the carotid artery. Paragangliomas are associated with germline and 
somatic mutations in at least 30 genes. However, the particular mechanisms of their initiation and 
progression remain unclear in many cases. Exome sequencing of six CBT samples with paired 
blood and lymph node tissues was performed in the study. Germline and somatic mutations were 
identified. Mutation load (ML) was estimated to be 0.07 to 0.47 per 1 Mb. CBT sample with the 
highest ML (0.47/Mb) did not contain germline mutations in known paraganglioma-causing genes. 
This sample carried twenty somatic mutations; eight of them were predicted as a potentially patho-
genic and probably involved in the CBTs progression.

Keywords: carotid body tumor, mutations, mutational load, exome, high-throughput sequencing.

Carotid body tumors (CBTs) are rare neuroendocrine neoplasms that arise from carotid glomus 
at the common carotid artery bifurcation. These are the most frequent paragangliomas of the head 
and neck. According to the latest WHO classification published in 2017, paragangliomas belong 
to tumors with variable metastatic potential. Surgical resection is the main treatment for CBTs; 
however, it is associated with a high risk of postoperative neurovascular complications as these 
tumors are hypervascular masses with often involvement of cranial nerves.

The onset of paragangliomas is associated with germline or somatic mutations in at least 30 
genes [1]. Up to 40 % of all paragangliomas are caused by germline mutations that affect reproduc-
tive fitness [24]. However, molecular mechanisms underlying development of these tumors have 
not been fully understood. Additionally, molecular gene expression study of CBTs is challenging 
as paired normal tissues are unavailable as well as due to rarity of the disease.

In this study, we performed exome sequencing of six CBTs with paired peripheral blood and 
lymph node tissues. Germline and somatic mutations were identified and analyzed, total mutational 
load was estimated.

Materials and methods
Formalin-fixed paraffin-embedded (FFPE) tumor and lymph node tissues as well as peripheral 

blood from six patients with CBTs were collected at Vishnevsky Institute of Surgery (Moscow) 
for exome sequencing. DNA was extracted from blood cells using a Nucleic Acid Isolation Kit 
I (Roche, Switzerland) on a MagNA Pure Compact Instrument (Roche); DNA from tumor and 
lymph node tissues was isolated with High Pure FFPET DNA Isolation Kit (Roche). Exome library 
preparation was performed with TruSeq Exome Library Prep Kit (Illumina, USA) according to 
manufacturer’s instructions. The exome sequencing was performed on a NextSeq 500 System (Il-
lumina) with paired-end reads (76×2 bp) for tumor and lymph node tissues and 151 bp for blood 
at average coverage of 300. The analysis of data was carried out as described earlier [5].

Results
We collected and sequenced a set of CBTs with paired lymph node tissues and peripheral blood. 

Mutations that were found either in the blood or lymph node (in any patients) were excluded. We 
also omitted X and Y chromosomes, as well as regions that were covered by less than 10 reads 
in any samples. Additionally, the data were filtered using 1000 Genomes Project, ESP 6500, and 
ExAC databases; and mutations with more than 1% frequency were excluded from the analysis. 
The ML was estimated as the number of somatic mutations per megabase of the target regions 
(predominantly, transcribed regions from TruSeq Exome Library Prep Kit). The ML values for six 
CBT samples were ranged from 0.07 to 0.47.

Among 30 somatic mutations identified, twenty mutations were found in CBT sample with the 
highest ML. Eight somatic mutations in PRDM2, ASPM, OSBPL11, PCOLCE2, ZFAND5, NEK3, 
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DYNC1H1, and TP53 genes were predicted as potentially pathogenic according to several predicted 
algorithms (SIFT, PolyPhen2, MutationTaster, or LRT) (Table 1). It should be noted that in this 
sample, we did not find any germline mutations in known genes associated with paragangliomas 
(VHL, SDHA, SDHB, SDHC, SDHD, NF1, RET, HRAS, KRAS, EPAS1 (HIF2A), ATRX, CSDE1, 
BRAF, FGFR1, FGFR2, FGFR3, FGFR4, FGFRL1, SETD2, ARNT, TP53, TP53BP1, TP53BP2, 
TP53I13, KMT2D, BAP1, IDH1, IDH2, SDHAF1, SDHAP2, FH, EGLN1, MDH2, TMEM127, 
MAX, KIF1B, MEN1, GDNF, GNAS, CDKN2A, BRCA1, and BRCA2).

Table 1

Potentially pathogenic somatic mutations in the sample with the highest ML.

Gene dbSNP ID GenBank Coordinate Nucleotide 
change

Amino acid 
change

Geno-
type

PRDM2 rs756985448 NM_012231.4 chr1: 14,106,977 c.2687A>G p.Tyr896Cys Het
ASPM - NM_018136.4 chr1: 197,097,759 c.2797T>A p.Phe933Ile Het

OSBPL11 - NM_022776.4 chr3: 125,2863,04 c.802T>G p.Leu268Val Het
PCOLCE2 - NM_013363.3 chr3: 142,542,410 c.913G>A p.Gly305Arg Het
ZFAND5 - NM_001102420.2 chr9: 74,970,993 c.518T>G p.Leu173Trp Het

NEK3 - NM_002498.2 chr13: 52,722,548 c.603+2T>G - Het
DYNC1H1 - NM_001376.4 chr14: 102,469,248 c.4829A>G p.Lys1610Arg Het

TP53 rs587781525 NM_000546.5 chr17: 7,577,096 c.842A>T p.Asp281Val Het

Six of eight potentially pathogenic somatic variants in ASPM, OSBPL11, PCOLCE2, ZFAND5, 
NEK3, and DYNC1H1 genes have been previously described neither in databases nor in litera-
ture. The mutation NM_012231.4: c.2687A>G, p.Tyr896Cys (chr1: 14,106,977, rs756985448) in 
PRDM2 was annotated in dbSNP with uncertain clinical effect. According to gnomAD database 
it is more likely non-pathogenic variant. The mutation NM_000546.5: c.842A>T, p.Asp281Val 
(chr17: 7,577,096, rs587781525) in TP53 gene was described in dbSNP both as a germline and 
somatic mutation, and has a pathogenic clinical significance according to the ClinVar database.

Conclusion
Our results report several potentially pathogenic somatic mutations that can be involved in 

CBT pathogenesis. 

This study was financially supported by the Russian Foundation for Basic Research, grant 16-
04-01521a (tissue sequencing) and ICGEB project CRP/RUS15-01 (blood sequencing).
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Introduction. Treatment of patients with advanced oral cavity cancer remains challenging. 
Material and Methods. We analyzed 127 reconstructive operations performed in patients with oral 
cancer. We used free (90 cases - 71%) and pedicle (37 cases - 29%) flaps for the reconstruction. 
Results. Good functional results were achieved in most cases (85%). Adequate mobility of the 
tongue was restored by using skin-fascial flaps. In cases with maxillofacial reconstruction, the 
mandibular and maxillary continuity, natural facial contour and mouth opening were restored 
using bone flaps. Conclusions. To achieve good functional and cosmetic results, as well as to 
reduce postoperative complications of reconstructive surgery in patients with oral cavity tumors, 
an adequate reconstructive material should be selected.

Keywords: oral cavity cancer, reconstructive surgery, microsurgical reconstruction.

Introduction
In Russia, there has been a steady increase in the incidence of oral cancer. In the period from 

2006 to 2016, the overall rise in the incidence of oral cancer was 29.93% for men and 54.61% for 
women [1]. Surgery is the main treatment for oral cancer, often requiring resection of the tongue, 
mandible, palate, oral/buccal mucosa, lip and the skin of the chin. Reconstructive surgery following 
extensive resections is an important aspect in the treatment of patients with oral cavity tumors [2]. 
Microsurgical reconstruction techniques allow the indications for radical surgical resections to be 
expended [3, 4]. However, the use of pedicle flaps in reconstructive surgery of the oral cavity has 
not lost its relevance. Management of patients with locally advanced oral cavity cancer, especially 
reconstructive surgery, remains a challenge [3, 5].

Material and Methods
Between 2008 and 2017, 115 patients with oral cancer were treated at the Department of Head 

and Neck Tumors of the Cancer Research Institute (Tomsk, Russia). All patients underwent surgical 
resection with reconstruction. A total of 127 reconstructive surgeries were performed (12 patients 
underwent two reconstructions). The distribution of patients according to the clinical stage was 
as follows: 16 patients with stage T2, 62 with T3, and 37 with T4. According to the presence of 
regional metastases in neck lymph nodes, there were 19 patients with N1 and 8 patients with N2. 
There were 44 women and 71 men. Primary cancer was detected in 63 cases (55%) and recurrent 
cancer in 52 cases (45%).

Distribution of tumor localization was as follows: tongue in 37 cases (32%), alveolar mucosa 
of the mandible in 24 (21%), mucosa of the mouth floor in 19 (17%), mucous cheeks in 14 (12 %), 
alveolar mucosa of the maxillary in 14 (12%), upper and lower lip in 7 cases.

In 90 cases (71%), free flaps were used as a reconstructive material: fibula flap in 40; ALT 
flap in 24; radial free flap in 12; medial sure artery perforator flap in 5; thoracodorsal flap in 4; 
osteocutaneous scapula free flap in 3; great omentum flap in 1; iliac crest free flap in 1. We used 
also pedicle flaps (37 cases): pectoral major myocutaneus flap in 17 cases and submental flap in 
20 cases.

It should be noted that free flaps were mostly used to close large, composite (bone-soft-tissue) 
defects. Pedicle flaps (mostly submandibular flap) were used to reconstruct small defects of the 
tongue (hemigloselectomy), mucosa cheeks (up to 7×7 cm), or in a case of extensive defects in 
the tongue and oral cavity in patients with an unfavorable prognosis (pectoral flap).

Results
In most cases (85%), good functional results were achieved. In cases of tongue reconstruction 

using skin-fascial flaps, adequate mobility of the tongue was restored. Tongue reconstruction 
with skin-fascia flaps provided adequate tongue mobility and favorably influenced the speech 
and nutrition rehabilitation. Defects of the 1/2 tongue were reconstructed using free flaps (radial, 
medial sure artery perforator flap or ALT flap), or by pedicel flaps (submental flap). The ALT flap 
or pectoral major myocutaneus flap was used to reconstruct total defects of the tongue. It should 
be noted that the length of surgery was much less using a pedicle flap than a free flap (214.1 versus 
580.88 minutes). In cases with reconstruction of maxillary and mandibular bone defects with 
autotransplantation and bone grafting, a successful restoration of the continuity of mandible and 
maxilla, natural contour of the face and mouth opening was achieved. The use of chimeric fibular 
flaps allowed restoration of extensive defects of the oral cavity, soft tissues of the buccal region 
and the mandible. The average length of a hospital stay following reconstructive surgery did not 
exceed 21 days (usually 14-18 days).

Flap necrosis was observed in 15 cases (12%). Necrosis of the fibula flap due to the formation 
of the saliva flowing to the area of microvascular anastomoses was the most common (10 cases, 
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8%). Partial necrosis of the flaps was noted in 5 cases (4%). Recurrences occurred in 25 cases 
(22%): local recurrence in 18 cases (16%) and neck lymph node metastases in 7 cases (6%). Distant 
metastases were observed in 2 cases (brain and skull bones).

Conclusion
Reconstructive surgery following radical surgical resection for oral cavity cancer contributes 

to the improvement of survival outcomes and social adaptation of the patients. To obtain good 
functional and cosmetic results, as well as to reduce postoperative complications, an apropriate 
reconstructive material should be selected. This choice should be based on the assessment of tumor 
involvement, reconstructive surgery extent and previous treatment.

The study was supported by a grant from the Russian Science Foundation (project № 16-15-00038)
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LOw COUNT OF LYMPHOCYTES AND CD4Т-CELLS 
IN PERIPHERAL BLOOD OF PATIENTS wITH PRIMARY 

HODGKIN’S LYMPHOMA CORRELATES wITH UNFAVOUR-
ABLE DISEASE PROGNOSIS

E.G. Kuzmina, T.I. Bogatyreva, A.Yu. Terekhova, N.A. Falaleeva, 
T.Yu. Mushkarina, T.V. Konstantinova, I.A. Zamulaeva, S.V. Zatsarenko

A. Tsyb Medical Radiological Research Center – branch of the National Medical Research Radiological 
Center of the Ministry of Health of the Russian Federation, Obninsk, Russia

The prognostic significance of depletion of lymphocytes and of CD4T-cells was assessed in 
a retrospective cohort study of 162 Hodgkin lymphoma (HL) patients. The moderate CD4 lym-
phopenia (400-210 µL) was observed in all subgroups. The deep CD4 lymphopenia (≤200 µL) was 
found in 15% patients; it was associated with age ≥45 (p=0.031), advanced stage (p=0.03) and IPS 
score ≥4 (p=0.000). Overall survival (OS) and progression-free survival (PFS) for all 162 patients 
correlated with baseline CD4Т-сells counts. At a median follow up of 60 months, all patients with 
CD4Т-сells count ≤400 µL had lower progression-free survival (PFS) and lower overall survival 
(OS) compared with those without CD4 lymphopenia. In I-II favorable stages (n=13), progression 
occurred only in 1 patient with low CD4 count; OS was 100%. In I-II unfavourable stages (n=29), 
6 patients with CD4 deficiency had PFS 50% vs. 95% in the rest, p=0.007; OS was 30% vs. 100%, 
p=0.001. Among 120 patients with stages III-IV, those with low CD4 count (n=53) had 5-year 
PFS 64% compared with 87% in patients without CD4 deficiency, p=0.006. Overall survival in 
advanced HL with low CD4 count was 70%, compared with 95%, p=0.004. Subset analysis in 94 
patients with stages III-IV plus IPS 0-3 supported negative impact of CD4 lymphopenia. PFS in 
«low CD4» patients was 69% vs. 88%, p=0.054; OS was 76% vs. 97%, p=0.058.

Keywords: lymphocytes count, CD4T-cells, Hodgkin lymphoma, unfavourable prognosis.

Introduction
Initial pre-treatment lymphopenia (PL) is associated with negative prognosis in different malig-

nancies, including lymphomas [1]. CD4 deficiency is known to accompany the impaired immunity 
in classical HL and has been recently shown to play a negative role in various solid tumors and 
Non-Hodgkin’s lymphomas [2-4]. As part of reactive microenvironment, CD4T-cells play a key 
role in tumor-response regulation the activation of effector-cells. However, during progression the 
tumor acquires certain features that allow it to avoid immunological surveillance [5].

In a retrospective cohort study, long term relapse-free survival and overall survival were as-
sessed in 162 HL patients with depletion of lymphocytes and CD4T-cells. 
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Methodology
In a database of MRRC (n=838 patients), we searched for 162 HL patients who had flow cy-

tometry (95 females and 67 males) and were eligible for this study, 53 of them had low lymphocyte 
counts at presentation. Median age was 28 years (16-59). All diagnoses were made according to 
WHO classification. Pretreatment examination included thoracic and abdominal computed tomog-
raphy; ultrasound examination of all peripheral lymph nodes, abdomen, retroperitoneal and small 
pelvis areas; bone-marrow biopsy. Stages of disease were defined by Ann Arbor classification. 
The patients were divided into 3 groups according to risk factors: group 1(n=13) included patients 
with HL I-II stages without risk factors; group 2 (n=29) - patients with HL I-II stages having risk 
factors (mediastinal bulk, isolated extranodal involvement, involvement of 3 or more lymphatic 
areas); group 3 (n=120) - patients with stages III-IV. Patients received risk-adapted combined 
modality therapy [6]. The median follow-up for all patients was 60 months. Immunophenotyping 
of peripheral blood CD4T-cells was performed by flow cytofluorimetry, using monoclonal anti-
bodies to CD3, CD4.

Five-year overall survival and relapse-free survival were analyzed with regard to the initial level 
of CD4+T-cells. Kaplan-Meier method was applied to assess survival, the data were analyzed with 
statistical package SPSS 20 for Windows.

Results
Table 1 describes the baseline characteristics of the patients and the Ly=lymphocyte, 

LP=lymphocyte predominance, NS=nodular sclerosis, MC=mixed cellularity, LD=lymphocyte 
depletion, F=favourable, U=unfavourable, and the incidence of lymphopenia in different sub-
groups. The incidence of moderate CD4 lymphopenia (400-210 µL) was found in 36 (22%) of the 
162 patients. The deep CD4 lymphopenia (≤200 µL) was found in 24(15%) of the 162 patients; 
it was associated with age ≥45 (p=0.031), advanced stage (p=0.03) and IPS score ≥4 (p=0.000). 
The overall survival (OS) and progression-free survival (PFS) for all 162 patients correlated with 
baseline CD4Т-сells counts (Figure 1).

Table 1

Frequency of pretreatment lymphopenia in Hodgkin’s lymphoma

Characteristics No.(%)
Lymphocyte

≤1000 µL
N (%)

p value
CD4 Ly
≤200 µL
N (%)

p value
CD4 Ly
≤400 µL
N (%)

p value

Gender Male 67 (41) 16 (24) 0.029 7 (10) 0.276 16 (24) 0.815
Female 95 (59) 37 (39) 17 (18) 20 (21)

Age ≥ 45 17 (10) 8 (47) 0.093 6 (35) 0.031 3 (18) 0.864
 < 45 145 (90) 45 (31) 18 (12) 33 (23)

Morphology NS Gr I + 
MC 115 31 (27) 0.014 15 (13) 0.297 21 (18) 0.136

NS Gr II + 
LD 42 19 (45) 9 (21) 13 (31)

Stages I-II F 13 (8) 0 0.007 0 0.030 1 (8) 0.281
I-II U 29 (18) 5 (17) 1 (3) 5 (17)
III-IV 120 (74) 48 (40) 23 (19) 30 (25)

IPS score 0-2 115 (71) 26 (23) 0.000 7 (6) 0.000 22 (19) 0.291
3 21 (13) 10 (48) 3 (14) 7 (33)

≥4 26 (16) 17 (65) 14 (54) 7 (27)
Bold characters designate a parameter with a significantly different distribution in the subgroups tested, defined by p<0.05.
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Figure 1. Overall (A) and progression-free (B) survival according to baseline CD4 lymphocyte counts in 162 patients 
with Hodgkin’s lymphoma of I-IV stages.

At a median follow up of 60 months, all patients with CD4Т-сells count ≤400 µL had lower 
progression-free survival (PFS) and lower overall survival (OS) compared with those without CD4 
lymphopenia. In stages I-II, favorable (n=13) progression occurred only in a patient with low CD4 
count; OS was 100%. In stages I-II unfavorable (n=29), six patients with CD4 deficiency had PFS 
50% vs. 95% in the rest, p=0.007; OS was 30% vs. 100%, p=0.001. Among 120 patients with 
stages III-IV, those with low CD4 count (n=53) had 5-year PFS of 64% compared with 87% in 
patients without CD4 deficiency, p=0.006. Overall survival in advanced HL with low CD4 count 
was 70%, compared with 95%, p=0.004. Subset analysis in 94 patients with stages III-IV plus 
IPS 0-3 supported negative impact of CD4 lymphopenia. PFS in «low CD4» patients was 69% vs. 
88%, p=0.054; OS was 76% vs. 97%, p=0.058.

Discussion
According to our earlier analysis, absolute lymphopenia (≤1000 µL) in previously untreated 

HL is relatively rare event with overall incidence of 14% (116 of 838 patients) [7]. Decreased 
lymphocyte counts were found in 1.4% of patients with favourable I-II stages, in 7.5% of patients 
with unfavorable I-II stages and in 18.6% of patients with III-IV stages. To our knowledge, in the 
course of different clinical trial no stratification is provided to account for possible adverse effect 
of pre-treatment lymphopenia. We studied prognostic significance of decreased CD4T-cell counts 
in the group of 162 patients with HL before treatment. An important conclusion from our study 
was the fact that a low CD4-cell count as a prognostic factor for overall and progression-free sur-
vival may be applied to patients with early-stage disease. It should be noted that in our study the 
incidence rate of CD4T-cell deficiency in patients without pre-treatment lymphopenia was 9%. 

Conclusion
We suggest that the decreased CD4T-cell count should be considered when planning therapy for 

initial HL as an additional sign of unfavorable prognosis along with IPS factors and it can be used 
for early-stage HL as well. Presence of lymphopenia requires innovative therapeutic approaches 
that would improve the outcome in this patient group.
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INSOLUBLE NI+2 COMPOUNDS INDUCE GENOTOXICITY AND 
GENE SILENCING, DISRUPTING 14 SIGNAL TRANSDUCTION 
PATHwAYS, AND LEADING TO DIFFERENTIAL EXPRESSION 

OF 144 GENES AND MORPHOLOGICAL, A. I., 
AND NEOPLASTIC TRANSFORMATION OF C3H/10T1/2 

MOUSE EMBRYO CELLS

J.R.Jr. Landolph1,2,3,4, J. Grondin1,3,4, C.T. Salazar1,2,4, S. Khaksar1,2,4, 
M.A. Horton1,2,4

Lab. of Chemical Carcinogenesis/Molecular Oncology1

Dept. of Molecular Microbiology/Immunol2
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Southern California, Los Angeles, USA4

Workers who inhaled dusts of nickel (Ni) sulfidic ores and smoked cigarettes in Ni refineries 
had increased incidences of nasal/lung cancers. Inhalation of nickel subsulfide (Ni2S3) and green 
(high temperature) nickel oxide (NiO) induced respiratory cancer in rats. Our laboratory showed 
Ni2S3, green NiO, and black NiO were phagocytosed into immortal, non-transformed C3H/10T- 1/2 
(10T1/2) mouse embryo cells and induced chromosomal aberrations, cytotoxicity, and morph- 
ological, anchorage-independent (A. I.), and neoplastic transformation (Tx) in 10T- 1/2 mouse 
embryo cells. We used mRNA differential display to show that: Nickel (Ni+2)-transformed (Tx) 
and 3-methylcholanthrene (MCA)-Tx 10T1/2 cell lines had 1) Ect-2 gene amplification, higher 
steady-state levels of ect-2 mRNA/protein, and consequently higher steady-state levels of mi-
cro- tubules (MTs), aggregation of MTs in regions of the Tx cells, and consequently altered cell 
shapes. 2) β-centaurin-2 mRNA was detected in 10T1/2 cells, but not in Ni+2 -Tx nor in MCA-Tx 
10T1/2 cell lines. Consequently, microfilaments (MFs) were expressed in 10T1/2 cells, but there 
were higher levels of MFs and aggregation of MFs in Ni-Tx and MCA-Tx 10T1/2 mouse embryo 
cell lines, altering shapes of Ni-Tx and MCA-Tx cell lines. 3) Ni-Tx and MCA-Tx cells also had 
higher steady-state levels of calnexin mRNA and protein. 4) Non-Tx cells had mRNA from the 
Vitamin D interacting protein (DRIP80) encoding gene, but Ni-Tx and MCA-Tx 10T1/2 cell lines 
had no detectable DRIP80 mRNA. Events #3 and #4 altered distributions of Ca+2 ions in Ni+2-Tx 
and MCA-Tx cell lines. mRNA differential display showed that in Ni-Tx and in MCA-Tx cell 
lines, 6 driver genes were over-expressed, causing over-expression of an additional 52 genes. Nine 
tumor suppressor-like genes were under-expressed/not expressed in Ni+2-Tx and MCA-Tx 10T1/2 
cell lines, causing under-expression/no detectable expression of 77 additional genes. In total, these 
events disrupted 14 signal transduction pathways and caused differential expression of 144 genes 
between non-Tx and Ni-Tx or MCA-Tx 10T1/2 cell lines, resulting in induction/main- tenance 
of Tx phenotypes in Ni+2-Tx and MCA-Tx 10T1/2 cell lines. This work was supported by:Grant 
R01 ES03341/NIEHS/NIH/USA (P. I., JRL); contracts from Nickel Producers Environ-mental 
Res. Association (NiPERA), U. S. A. (P. I., JRL); discretionary funds from the M. S. Trai- ning 
Program, Dept. of Mol. Microbiol./Immun., USC, to JRL; discretionary funds from the USC/Norris 
Comprehensive Cancer Center (NCCC) (P. I., JRL); and by the Molecular/Cell Biol- ogy Support 
Core (Faculty Supervisor, JRL) and the Cell Imaging Core (Faculty Supervisor, Dr. David Hinton), 
of Cancer Center Core Support Grant 5 P30 09320 NCI/NIH/USA, to USC/-NCCC.

Keywords: signal transduction, metal, neoplastic transformation.
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THE INFLUENCE OF CISPLATIN ON TRANSCRIPTIONAL 
PROFILE OF TUMOR-ASSOCIATED MACROPHAGES 

OF BREAST CANCER AND COLON CANCER

I.V. Larionova1,2, L. Tengfei3, A.M. Kiselev4, E.V. Denisov1,2, 
N.V. Cherdyntseva1,2, J.G. Kzhyshkowska1,3,5
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In the present study we demonstrated the whole transcriptome analysis of model tumor-associ-
ated macrophages (TAM) of breast and colon cancer with using next-generation sequencing data. 
We identified the most significantly increased and down-regulated genes as well as differentially 
expressed genes for breast and cancer TAM. Our results showed that TAM can be reprogrammed 
by chemotherapeutic agents and obtain mostly pro-inflammatory program.

Keywords: Tumor-associated macrophages, chemotherapy, cisplatin, cancer, next-generation sequencing.

Introduction
The application of chemotherapeutic agents is the most effective approach to the treatment 

of major oncological diseases [1]. We showed that an increased number of tumor-associated 
macrophages (TAM) correlated with a poor response to neoadjuvant therapy in breast cancer pa-
tients [2]. Identification of the phenotypic and functional characteristics of TAM during therapy 
is necessary to improve the effectiveness of chemotherapy, identify new mechanisms for poor 
response to NAC and to develope personalized approaches to the treatment of breast cancer and 
colon cancers [3, 4]. In the present study we demonstrated the analysis of whole transcriptome 
sequencing of samples of model breast and colon cancer TAM which indicated the most activated 
pathways under cisplatin treatment.

Material and Methods
Human primary monocytes-derived macrophages were isolated with using CD14+positive 

selection and stimulated ex vivo by IL4 and TGFb and supernatants of breast adenocarcinoma 
cell line MCF-7 and colorectal carcinoma cell line Colo206F to model cancer-specific TAM. Cis-
platin treatment was performed on day 6 of macrophage differentiation. The whole transcriptome 
sequencing was performed. The libraries were prepared with the NEXT flex Rapid Directional 
qRNA-Seq Kit. Ribosomal RNA was removed from the NEBNext® rRNA Depletion Kit (Human/
Mouse/Rat). Prepared libraries were then pooled and sequenced with using Illumina NextSeq500 
instrument. The Hallmark, Reactome, KEGG databases were used for the experiment.

Results
The genes were selected according to their functional component and the highest value of differ-

ential expression (log2FoldChange values   was at least 2, p-value <0.000001). At the transcriptional 
level, it was significantly increased the expression of genes involved in the inflammatory response, 
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interferon-dependent pathways, p53-dependent apoptosis, genes responsible for DNA damage, and 
genes that participate in the response to cisplatin and tamoxifen and in transplant rejection. The 
expression of genes involved in lipid and fatty acid metabolism, cholesterol homeostasis, glycolysis, 
oxidative phosphorylation, MTORC1 signaling, NOTCH signaling decreased, that indicates that 
the metabolism of macrophages changes in the direction of inhibiting certain metabolisms under 
the influence of the chemotherapeutic agent.

This approach helped to identify differences in the programming effect of chemotherapeutic 
agents on model TAM of breast adenocarcinoma and colon cancer. The most pronounced differences 
were cisplatin stimulation of the proto-oncogen KRAS signaling pathway, activation of the IRF7 
interferon regulatory factor, DNA repair, and cisplatin suppression of angiogenesis, glycolysis, 
glucose metabolism, hypoxia, insulin metabolism, platelet activation, epithelial-mesenchymal 
transition in tumor-associated macrophages of intestinal adenocarcinoma. In the TAM of breast 
carcinoma it was mostly activated the pathways associated with the G protein-coupled receptor 
(signal transmission in the cell), the epithelial-mesenchymal transition, the activation of the proto-
oncogenic protein MYC, the metabolism of RNA, including mRNA, regulation of translation, 
regulation of the mitochondrial transport.

Conclusions
The global influence of chemotherapeutic agents on the transcriptional profile of model tumor-

associated macrophages was first established. We demonstrated that tumor-associated macrophages 
can be reprogrammed by chemotherapeutic agents. Macrophage response to cisplatin had a similarity 
to the antiviral response and can trigger an inflammatory antitumor targeting program.

This study was supported by grand RNF № 14-15-00350.
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MELANOMA CELL GROwTH AND MIGRATION ALTERATIONS 
UNDER MIR-204-5P INHIBITOR APPLICATION

S.N. Lavrentev, M.B. Aksenenko, N.V. Palkina, A.V. Komina, T.G. Ruksha

Federal State Budget Educational Institution of Higher Education «Krasnoyarsk State Medical University 
named after Professor V.F. Voyno-Yasenetsky» of the Ministry of Health of the Russian Federation, 
Krasnoyarsk, Russia

MicroRNAs are regulatory molecules which play a role in melanoma biology as well as in other 
malignancies. MicroRNAs can affect multiple protein expression as posttranscriptional modulators. 
Therefore these molecules are considered as plausible therapeutic targets in cancer. The aim of 
the present study was to determine the effects of microRNA miR-204-5p specific inhibitor on 
melanoma cell growth and migration capacities.

C57Bl6 mice with transplanted melanoma B16 cells were kept in conditions of natural light 
without any restrictions on access to water and food. Inhibition of this microRNA we realized 
by inserting into the neck crease inhibitor LNA 25 mg/kg twice on the 7th and 14th day after the 
transplantation. After that we produced the observation of animals with measurement of the sizes 
of tumor node every day. We finished the experiment on the 19th day after the transplantation.

miR-204-5p specific inhibitor application resulted in the increase of melanoma cell proliferation 
that confirms miR-204-5p action in melanoma as oncosupressor. Besides, melanoma cells showed 
decreased migration rates under miR-204-5p inhibition.

miR-204-5p may be implicated in melanoma pathogenesis and act as oncosupressor.

Keywords: melanoma, LNA inhibitor, microRNA, miR-204-5p.
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Introduction
Skin cancer is one of the leading malignancies in Russian Federation. Over the last decade, 

melanoma incidence rates have increased among pale-skinned populations. Although localized 
melanoma is highly curable, disseminated forms of the disease remain fatal. Recent approvals of 
immune check-point and BRAF inhibitors allowed treatment efficacy to be increased, however 
metastatic melanoma is currently under investigation.

MicroRNAs are a class of small non-coding RNAs of 20-22 nucleotides involved in the regulation 
of protein-coding genes at posttranscriptional level. MicroRNAs can exert oncogenic or/ and 
oncosuppressive properties. One of microRNAs with oncosupressive features is miR-204-5p, the 
levels of which are diminished in several cancer types [1, 2]. In the present study we evaluated 
miRNA 204-5p role in melanoma cell viability, proliferation, and migration.

Material and Methods
Melanoma B16-bearing mice were randomly divided into three groups: control group animals 

received phosphate buffered solution (n=3), negative control group animals (n=6) received anti-
sence nucleotides, and miR-204-5p LNA inhibitor group (n=5). On days 7 and 14, after B16 
melanoma cell transplantation, an LNA inhibitor mmu-miR-204-5p miRCURY LNA™ (Exiqon, 
Vedbaek, Denmark), a negative control solution Negative control A miRCURY LNA™ miRNA 
Inhibitor Control (Exiqon, Vedbaek, Denmark), and a PBS solution Phosphate Buffered Saline 
(Amresco, Solon, OH, USA) were injected subcutaneously, respectively, to the aforementioned 
animals. Physical activity of animals was evaluated daily as well as tumor volume was determined 
once in three days. The experiment melanoma cells were isolated and placed in a culture medium 
RPMI-1640 containing L-glutamine (Gibco, Life Technologies, Paisley, UK), 10% fetal bovine 
serum (Gibco, Life Technologies, Paisley, UK), and antibiotic-antimycotic solution (Gibco, Life 
Technologies, Paisley, UK). The cells were cultured for 7 days in a CO2 incubator at 37 °C and a 
5% CO2.

MTT test was done to determine melanoma cells viability/proliferation under LNA inhibitor 
mmu-miR-204-5p treatment. For this purpose the culture medium was replaced, and 3- (4,5-
dimethylthiazol-2-yl) -2,5-diphenyltetrazolium bromide (MTT, Sigma, St. Louis, MO, USA) was 
added to a final concentration of 0.5 mg/ml. After four hours, the culture medium was removed 
and the amount of formazan formed in the cells was evaluated. To accomplish this, a solution of 
DMSO was added to the fixed cells to lyse and dissolve formazan. Light absorption at a wavelength 
of 560 nm was evaluated on an EFOS-9305 spectrophotometer (Shvabe photosystems, Moscow, 
Russia). The viability/proliferation of cells was considered directly proportional to the absorption 
of the light wave. The experiment was made three times.

Scratch test was performed to estimate the migratory ability of melanoma cells. Cells were plated 
into 6-well plates to a final concentration of 1×107. 24 hours later when the cells demonstrated 100% 
confluence, a sterile tip was used to make a line which covering by cells were estimated every 12 
hours. The images randomly selected were captured with the microscope Olympus BX-41 and 
proceeded by the Infinity v.6 software (Lumenera Corporation Ottawa, ON, Kanada).

Statistical analysis of the data was carried out using the Kruskal-Wallis nonparametric H-test 
for three or more independent groups by the Statistica 6.1 software (StatSoft, Moscow, Russia). 
Differences were considered significant at P<0.05.

MTT showed the increase of melanoma cell metabolic activity under LNA inhibitor miR-204-
5p treatment as compared to negative control after 96 hours (p=0.016, Figure 1). This observation 
may be in the line with miR-204-5p oncosuppressive function as it was reported earlier. Scratch 
test demonstrated reduction in melanoma cell migration capacities as compared to PBS group 
(p = 0.027).

To conclude, the application of the LNA inhibitor miR-204-5p leads to melanoma B16 cell 
functional activity alterations, which are expressed as the short-term change in the migratory ability 
and proliferation rate. To conclude, miR-204-5p might be implicated in both processes regulation: 
migration and proliferation. More significant alterations we observed in cell proliferation rate. 
Migrated capacities of melanoma cells may be under control of various regulators as the miR-
204-5p impact on it was not stable.
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Figure 1. MTT test: *significant differences in viability/metabolic activity between LNA inhibitor group versus negative 
control group (p=0,016).

Figure 2. Results of scratch test * significant differences in migration ability (p<0.05)

The study was supported by Grant of the Russian Science Foundation (project № 14-15-
00074-P).

REFERENCES
1. Longwen S., Zongxin Z., Yunxiang C. MicroRNA-204 inhibits cell migration and invasion in human cervical cancer by regulating 

transcription factor 12. 2017 Nov; 15: 161-166. doi: 10.3892/ol.2017.7343.
2. Wei G., Yongyan W., Xiaoling H., Chunming Z., Meixia Z., Bo C., Qingqing L., Xukuan Q., Weiyan L., Shuxin Wen., Binquan W. 

MicroRNA-204-5p inhibits invasion and metastasis of laryngeal squamous cell carcinoma by suppressing forkhead box C1. 2017 May; 
8(12): 2356-2368. doi: 10.7150/jca.19470.

TARGETING EXOSOME-MEDIATED SECRETION OF HEAT 
SHOCK PROTEIN-90ALPHA (HSP90α) BY TUMOR CELLS

w. Li

Department of Dermatology and the Norris Comprehensive Cancer Center, University of Southern 
California Keck Medical Center, Los Angeles, USA

Mammals have two isoforms of heat shock protein-90 (Hsp90α and Hsp90β) to deal with 
environmental stress, especially ischemia. These functions of Hsp90 are taken advantage of by tumor 
cells to cope with the paucity of oxygen and nutrient supply within the harsh microenvironment 
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during tumorigenesis. Hsp90β acts as a chaperone to maintain the integrity of the entire intracellular 
signaling networks. In contrast, Hsp90α is secreted into and acts from the extracellular environment. 
Tumor-secreted Hsp90α binds to the cell surface LRP-1 receptor to prevent tumor cell death under 
hypoxia and, thereafter, to promote tumor cell invasion and metastasis. Since 1999, targeting 
intracellular Hsp90β has proven too toxic in clinical trials and few inhibitors have advanced to FDA 
approval for clinical use. However, in contrast to the equal importance of the intracellular Hsp90β 
in both tumor and normal cells, secreted Hsp90α is non-essential for maintaining homeostasis. 
Selective inhibition of tumor-secreted Hsp90α function inhibits both de novo tumor formation and 
expansion of already formed tumors of various origins in CDX tumor mouse models. We hypothesize 
that tumor-secreted Hsp90α is more effective and safer target for anti-tumor therapeutics than 
targeting the intracellular Hsp90β chaperone. will discuss 1) the mechanism of exosome-mediated 
secretion of Hsp90α and 2) the therapeutic potential of inhibiting tumor-secreted Hsp90α with 
monoclonal antibody USC-1G6-D7. Because of its extracellular location of tumor-secreted Hsp90α, 
we are presented with an opportunity to develop tumor-secreted Hsp90α into a new anti-tumor 
drug candidate with less toxicity and high clinical efficacy.

Keywords: exosome, heat shock protein, cancer.
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COLON- AND RECTAL CANCER ARE DIFFERENT TUMOR 
ENTITIES ACCORDING TO EPIDEMIOLOGY, 

CARCINOGENESIS, MOLECULAR- AND TUMORBIOLOGY, 
SURGERY/MULTIMODAL THERAPY, RESULTS QUALITY, 

AND PRIMARY AND SECONDARY PREVENTION

K.H. Link1,3, S. Jafarov3, L. Staib3, M. Kornmann2,3

Surgical Center and Asklepios Tumor Center, Asklepios Paulinen Klinik, Wiesbaden, Germany1

Dept.General/Visceral Surgery (Chir.I), Univ.Ulm, Ulm, Germany2

FOGT, Univ.Ulm, Ulm, Germany3

Colon and Rectal Cancer (CC, RC) are different entities from a clinical and tumorbiological 
point of view. Up to now, both, CC and RC, are synonymously called “Colorectal Cancer” (CRC). 
We analyzed the actual available data from the literature and our own results from the Ulm based 
study group FOGT to proof or reject our hypothesis.

The following evident differences were recognized:
Anatomically, the risk to develop RC 4× higher than for CC.1. 
Molecular changes in carcinogenesis in CC are different from RC.2. 
Physical activity helps to prevent CC, not RC.3. 
Pathologically there are differences between RC and CC.4. 
Surgical topography and procedures are different.5. 
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Multimodal treatment (MMT) approaches are different.6. 
RC in MMT is less sensitive to chemotherapy than CC.7. 

Prognostic factors for the spontaneous course and for success of MMT are different (e.g. TS 
or DPD).
CC´sand RC´s definitely are different in parameters of causal and formal carcinogenesis, 

effectivity of primary prevention by physical activity, conventional and molecular pathology, clinical/
biological behaviour, surgical and multimodal treatment concepts, sensitivity to chemotherapeutic 
protocols within multimodal therapy and the prognostic value of various parameters. Actually there 
are even observations, that in palliative chemotherapy the response rates of metastases from CC 
(e.g. right hemicolon) are differing from those deriving from RC. According to our findings we 
can demand that CC and RC are two different tumor entities. “CRC” should no longer be used in 
basic and clinical research and other fields of cancer classification. CC is not the same as RC.

Keywords: colon cancer, rectal cancer, epidemiology, carcinogenesis, prevention.

ANGIOGENESIS IN EXPERIMENTAL HEPATOCARCINOMA-29

V.V. Makarova, N.P. Bgatova, Yu.S. Taskaeva, Yu.I. Borodin

Laboratory of ultrastructural research, Research Institute of Clinical and Experimental 
Lymphology - Branch of the Institute of Cytology and Genetics, Siberian Branch 
of the Russian Academy of Sciences, Novosibirsk, Russia

Hepatocellular carcinoma is one of the most aggressive human tumors, with a high prevalence 
and mortality. Tumor microenvironment, in particular blood vessels, plays a large role in the 
progression of tumor growth. In connection with the important role of angiogenesis in tumor pro-
gression and metastasis, it is important to develop new approaches of hepatocarcinoma treatment 
by suppressing tumor angiogenesis. The aim of the study was to identify blood vessels during the 
development of experimental hepatocarcinoma-29. Light microscopy revealed that capillaries 
with narrow lumens permeate the entire volume of tumor tissue, dividing it into small segments. 
Immunohistochemical analysis showed a poor degree of CD31 expression. Ultrastructural analysis 
revealed that the walls of the vessels are formed by endotheliocytes and tumor cells. Apparently, 
neoangiogenesis in hepatocarcinoma-29 follows the path of vasculogenic mimicry.

Keywords: hepatocarcinoma-29, angiogenesis, CD 31, vasculogenic mimicry.

Hepatocellular carcinoma is one of the most aggressive human tumors, and despite the advances 
in diagnosis and treatment, it remains the fifth most common and third-largest mortality rate in the 
world due to the resistance to polychemotherapy [1, 2]. Tumor microenvironment, in particular 
the blood vessels, plays a large role in the progression of tumor growth [3, 4]. In connection with 
the important role of angiogenesis in tumor progression and metastasis, it is important to develop 
new approaches of hepatocarcinoma treatment by suppressing tumor angiogenesis. The aim of the 
study was to identify blood vessels during the development of experimental hepatocarcinoma-29 
(HC-29).

Material and Methods
Experiments were performed on CBA line male mice from the Institute of Cytology and Ge-

netics SB RAS. Mice weighted 18–20 g and were three months of age. Work with animals was 
performed according to the principles of humanity stated in directions of EC (86/609/ЕЕС) and 
Declaration of Helsinki. To model the tumour process, we used HP-29. HC-29 was obtained and 
verified by the staff of the Institute of Cytology and Genetics, SB RAS.

HC-29 cells were injected into the intact muscle of the right thigh. The sampling of the mate-
rial for the studies was carried out on the 30th day of the experiment. For light microscopy, tumor 
fragments were fixed in a 4% solution of paraformaldehyde and encapsulated in paraffin according 
to a standard histological procedure. Paraffin sections were stained with Mayer’s hematoxylin and 
with using anti-CD31 antibody (Abcam). Evaluation of the results was carried out with a LEICA 
DME light microscope (Germany), with a 400-fold magnification, photographs were obtained 
using the computer program «Avigion». For electron microscopic examination, samples of tumor 
tissue were fixed in a 1% solution of OsO4, dehydrated with increasing concentrations of ethanol 
and imbedded into Epon (Serva, Germany).Semithin sections (1 μM) were cut with an EM UC7 
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Leica ultratome (Germany/Switzerland), stained with toluidine blue, and visualized under a LEICA 
DME light microscope (Germany). Ultrathin sections 70-100 nm thickness were contrasted with a 
saturated water solution of sodium uranyl acetate and lead citrate, and analyzed with a JEM 1010 
electron microscope.

Results and Discussion
In the study of tumor tissue samples, capillaries with narrow lumens were observed, which 

permeated the tumor tissue, dividing it into small segments, and necrosis was not observed, which 
indicates a very good blood supply to the tumor. However, in the immunohistochemical analysis 
of sections stained with the CD31 endothelial cell marker in blood vessels, it was found that not 
all vessels visualized by staining with Meyer’s hematoxylin were detected. On ultrathin prepara-
tions it was found that the walls of the vessels were not completely, but only partially formed by 
endothelial cells, and partly by tumor cells. There is evidence that neoangiogenesis in tumor 
tissue can follow the path of vasculogenic mimicry (VM), some newly formed vessels are lined 
with tumor cells rather than endothelial cells [5]. The results obtained require further study, includ-
ing staining of PAS [6], to detect VM in tumor tissue with the aim of further developing methods 
for suppressing tumor growth by inhibiting angiogenesis, including the formation and growth of 
VM-vessels (7).
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THE INFLUENCE OF ORGANIC SOLVENTS ON 
THE EPIGENETIC REGULATION OF GENE EXPRESSION

V.P. Maximova1, O.P. Lizogub2, D.A. Fedorov2, E.M. Zhidkova1, E.А. Lesovaya1,3, 
A.V. Kholodova1, G.A. Belitsky1, M.G. Yakubovskaya1, K.I. Kirsanov1,4

Blokhin NMRCO, Department of Chemical Carcinogenesis, Moscow, Russia1

First Moscow State Medical University, Moscow, Russia2

Ryazan State Medical University, Ryazan, Russia3

RUDN University, Moscow, Russia4

In this study we screened 22 organic solvents for epigenetic activity using the HeLa TI model 
system. We demonstrated that acetone, acetonitrile, methanol, mercaptoethanol, DMSO and tolu-
ene affect epigenetic mechanisms of acetylation and methylation of H3 and H4 histones, thereby 
participating in the regulation of gene expression. The mechanism of chloroform epigenetic action 
is most likely not associated with histone modifications.

Keywords: organic solvents, epigenetic activity, HeLa TI.

Introduction
Organic solvents are widely used in industry (degreasing and dilution) and are often found in 

everyday life (in products such as paints, pharmaceuticals, adhesives, printing inks, cosmetics 
and pesticides) [1]. There are three routes of entry of organic solvents into the body: skin contact, 
inhalation, and ingestion. Skin absorption is a major route of entry for organic solvents that are 
readily soluble in lipids and water. Organic solvents have the potential to cause adverse health 
effects that range from skin and lung irritation to the depression of the central nervous system 
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[2]. Epidemiological studies have shown a link between the action of solvents and deleterious 
effects on respiratory, hematological and thyroid functioning [3]. Alcohols, for example, depress 
the central nervous system, and cause irritation to the eyes and upper respiratory tract. Aromatic 
hydrocarbons, such as xylene and toluene cause skin and lung irritation and act as a strong depres-
sant to the central nervous system. Aliphatic hydrocarbons can have a narcotic effect after large 
exposures. Ketones depress the central nervous system; irritate the eyes and upper respiratory 
tract [2]. Despite the extensive study of the effect of solvents on the human body, the epigenetic 
effect of organic solvents has not been studied to date. In order to reduce occupational risks when 
working with these chemical agents, it is necessary to take into consideration all possible routes of 
exposure of solvents to humans, toxic and non-toxic effects, which include epigenetic mechanisms 
of transcription regulation.

The aim of this work was to study the influence of some organic solvents on epigenetic mecha-
nisms of transcription regulation using the HeLa TI model system.

Material and Methods
The determination of the epigenetic activity of organic solvents was carried out by flow cy-

tometry on the HeLa TI cell line with an epigenetically repressed vector containing GFP gene. 
Cell line HeLa TI was obtained from The Epigenetic Department of the Fox Chase Cancer Center 
(Philadelphia, USA). To analyze epigenetic activity of the solvents the cells were treated with the 
agents for 24 hours and analyzed with flow cytometer FASCCanto II and BD FascDiva Software 
(Becton Dickinson, USA) in the next 48 hours. The fluorescence of GFP-positive cells was recorded 
in the green fluorescent dye fluorescein isothiocyanate (FITC) mode. Untreated cells were used 
as a negative control. Histone deacetylase inhibitor –Trichostatin A (TSA) – was used as positive 
control. Results of flow cytometry were compared with the images of fluorescence microscopy 
before starting work to accurately adjust the parameters. The degree of histone modifications 
at specific residues were monitored by western blotting using site specific antibodies (H3acK9, 
H4acK12, H3me3K9, H4me3K20) (Abcam, Great Britain).

Results
On the first step we screened the organic solvents, which are most often used in molecular bio-

logical and analytical experiments, and are widely used in industry, for their epigenetic activity. The 
study included 21 solvents from various chemical classes: acetone, acetonitrile, benzene, hexane, 
ammonium hydroxide, dimethylsulfoxide (DMSO), dimethylformamide (DMF), dichloromethane, 
diethyl ether, isoamyl alcohol, isopropanol, xylene, mercaptoethanol, methanol, n-octane, toluene, 
chloroform, ethanol, ethyl acetate, 1,4-dioxane (Table 1).

Table 1

Results of the analysis of the solvents’ epigenetic activity by flow cytofluorimetry

Agent name % GFP-positive cells ± 
SD (n=5) Agent name %GFP-positive cells ± SD 

(n=5)
w/o treatment 3.5±0.2 Isoamyl alcohol 4.8±0.3

TSA 42.8*±2.5 Isopropyl alcohol 3.6±0.3
Acetone 13.5*±0.8 Xylene 3.9±0.2

Acetonitrile 22.3*±1.1 Mercaptoethanol 10.8*±0.7
Benzene 3.8±0.1 Methanol 13.8*±1.2
Hexane 3.4±0.2 n-Octane 3.6±0.1

Ammonium Hydroxide 4.1±0.1 1,4-dioxane 16.6*±1.2
DMSO 17.3*±0.8 Toluene 10*±0.5
DMF 3.6±0.3 Chloroform 11.5*±1.0

Dichloromethane 3.9±0.2 Ethanol 3.6±0.2
Diethyl Ether 3.5±0.1 Ethyl Acetate 3.4±0.3

n – the number of biological replicates, *p<0.05 compared to cells without treatment

Thus, we showed that acetone, acetonitrile, DMSO, methanol, chloroform, mercaptoethanol 
and toluene possess epigenetic activity. Solvents exhibited this effect in low-toxic (or non-toxic) 
concentrations.

On the next step we studied the ability of the solvents to affect level of global H3 and H4 
acetylation (Picture 1). It was shown that acetonitrile and toluene increase the degree of histone 
H3 acetylation, while acetone and DMSO influenced histone H4 acetylation; mercaptoethanol 
and methanol cause a significant increase in acetylation of both histones H3 and H4. In addition, 
we revealed decrease in the level of lysine 20 trimethylation of histone H4 (H4K20) (typical for 
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non-transcribed chromatin) after the treatment with acetonitrile. Changes in level of H3me3K9 
were not detected after treatment with any of studied organic solvents.

Picture 1. Determination of the level of post‑translational modifications by Western blotting (densitometric analysis of 
western blotting results).

Conclusion
In summary, acetone, acetonitrile, methanol, mercaptoethanol, DMSO and toluene affect such 

epigenetic mechanisms as acetylation and methylation of histones H3 and H4, thereby participating 
in the regulation of gene expression. The mechanism of chloroform epigenetic action is most likely 
not associated with H3 and H4 histone modifications.

This work was supported by Russian Scientific Foundation (№ 18-75-00115).
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MALIGNANT PERIPHERAL NERVE SHEATH TUMORS: 
PATTERNS OF RECURRENCE AND SURVIVAL AND THE ROLE 

OF POLY (ADP) RIBOSE POLYMERASE INHIBITION

I.E. McCutcheon
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Objective
Malignant peripheral nerve sheath tumors (MPNSTs) are an aggressive group of soft tissue 

sarcomas. We retrospectively acquired outcome data on sporadic, NF1-associated, and radiation 
(RT)-associated MPNSTs in a large series of such tumors. Poly (ADP) ribose polymerase (PARP) 
inhibitors treat malignancies with defects in DNA repair genes, e.g., BRCA1/2. While no specific 
mutations in BRCA1/2 are known in MPNSTs, they might be effectively targeted with PARP 
inhibitor due to their complex karyotype and high level of genomic instability. Here we show 
differences in outcome between MPNST etiologies; assess expression of PARP1 and PARP2 
in MPNST and efficacy of tumor control with PARP inhibition; and correlate these findings with 
overall survival.

Methods
In MPNST (n=289) subtypes, adverse predictors of recurrence and survival were identified. In 

a clinically annotated tissue microarray containing primary (n=38) and recurrent (n=32) MPNSTs 
we assessed markers for cell proliferation, cell cycle arrest, inhibitor specificity, and apoptosis. 
Cell lines derived from NF1-associated MPNST (S462, ST88) and sporadic MPNST (STS26T, 
MPNST724) were cultured, as were Schwann cells, and PARP1/PARP 2 activity determined by 
Western blot analysis and colorimetric assay. Cell growth was determined by MTS and clonogenic 
assay, and cell cycle progression by FACS analysis, before and after treatment by the PARP inhibi-
tor AZD2281 (Olaparib). In vivo animal models of local tumor growth and lung metastasis were 
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created in SCID mice by injection of tumor cell suspension into the flank and tail vein respectively, 
and tumor was measured in animals treated with vehicle only vs. AZD2281.

Results
Five-year local recurrence-free survival (LRFS), distant recurrence-free survival (DRFS), and 

disease-specific survival (DSS) estimates were 56.6%, 49.6%, and 53.6% respectively. Five-year 
DSS was lower in NF1-associated and RT-associated MPNST than in sporadic MPNST (52%, 
47%, and 67% respectively, p = 0.140). Patients with RT-associated MPNST had worse 5-year 
LRFS than those with the sporadic and NF1-associated subtypes (RT-associated vs sporadic, p = 
0.010; RT-associated vs NF1-associated, p = 0.232). Truncally located tumors, positive surgical 
margins, local recurrence, and metastasis predicted adverse DSS in multivariate analysis. PARP1 
and PARP2 were highly expressed in MPNST, and PARP activity was enhanced in MPNST cell 
lines. Decreased cell proliferation and enhanced apoptosis occurred in vitro with AZD2281 treat-
ment. AZD2281 significantly reduced local growth of MPNST xenografts, decreased development 
of lung metastases, and increased survival of mice with metastases.

Conclusions
RT-associated MPNSTs are associated with poorer local recurrence-free and disease-specific 

survival than sporadic and NF1-associated tumors. NF1-associated MPNSTs may have worse 
survival outcomes owing to large tumor size, truncal location, and less frequent negative resec-
tion margins compared with sporadic tumors. AZD2281 may be effective against MPNST and its 
clinical use should be further investigated.

Keywords: malignant peripheral nerve sheath tumor, distant recurrence-free survival, 
disease-specific survival.
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MORPHOLOGICAL CHANGES OF THE TRANSPLANTED 
KIDNEY TUMORS AFTER ADMINISTRATION OF FLAVONOID-

CONTAINING EXTRACT GRATIOLA OFFICINALIS L.

N.А. Navolokin, A.B. Bucharskaya, D.A. Mudrak, N.V. Polukonova, 
G.N. Maslyakova

Saratov State Medical University named after V. I. Razumovsky, Saratov, Russia

The antitumor activity of flavonoid-containing extract of Gratiola officinalis was examined in 
vivo by oral and intramuscular administration in a dosage of 110 mg/kg. The white outbred rats 
with transplanted kidney tumors were investigated by morphological and biochemical methods. 
Tumor growth inhibition index was up to 71%. The morphological changes in tumor tissue are more 
pronounced after intramuscular administration of extract with marked necrobiotic and atrophic 
changes in the tumor cells, proliferative activity of tumor cells have disappeared (proliferation 
index Ki67 was equal to 0 , compared with group without any treatment , where it was equal to 
48%). We also observed the absence of mitosis and decrease of nuclear RNA expression. These 
facts confirm the lock mitotic processes at the nuclear level. Thus, Gratiola officinalis’s extract 
induces the pathomorphosis of kidney tumor more pronounced at intramuscular administration.

Keywords: bioflavonoids, extract of Gratiola officinalis, pathomorphosis, kidney tumor, apoptosis.
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Relevance
Oncological diseases are the leading cause of death in the world. However, there are no cur-

rently safe anticancer drugs that have no side effects. In this regard, the search for anticancer drugs 
based on plant extracts with minimal side effects is of particular relevance [1, 2]. We developed 
the author’s method of obtaining flavonoid-containing extract from Gratiola officinalis flowers 
and leaves, which demonstrated anti-inflammatory, antioxidant and immunomodulating proper-
ties [3-10].

The aim of the study was to investigate the antitumor activity of the flavonoid-containing extract 
of Gratiola officinalis and its effect on the transplanted kidney tumors in rats.

Material and Methods
30 male white outbred rats weighing 150 ± 50 g were subcutaneously injected into the scapula 

region with 0.5 ml of 25% tumor cells solution. The animals were divided randomly into 3 groups 
- 2 experimental and a comparison group (10 rats in each group). The comparison group consisted 
of animals with transplanted tumors, but without any exposure. 72 hours after transplantation, 
the experimental groups of rats received perorally or intramuscularly respectively daily for 2 
weeks extract of Gratiola officinalis in a dosage of 110 mg/kg. After administration, all animals 
were withdrawn from the experiment and tumor samples were taken. Standard morphological 
methods, histochemical staining and immunohistochemical staining using markers Ki67 and p53 
were used.

Results
In the comparison group, the tumor weigh at the end of the experiment was 11.52±2.34. 

The tumor growth inhibition index by weight of the tumor was up 71% for oral administration 
(3.29±1.23 g) and 73% for the intramuscular administration (3.29 ± 1.23 g) of the extract.

Histological examination revealed extensive zones of necrosis and dystrophic changes of tumor 
cells under the influence of Gratiola officinalis extract, apoptotic corpuscles and positive expression 
of the p53 marker were also determined after extract administration (Figure 1).

The expression of nuclear RNA in tumor tissue was reduced after both oral and intramuscular 
administration that might indicate a decrease in its transcriptional activity.

At immunohistochemical staining using Ki67, the proliferative activity of tumor cells 
disappeared after extract administration. The proliferation index was equal to 0, compared with 
the group without any treatment, where it was equal to 48%).

Figure 1. (A) comparison group, hematoxylin and eosin, ×774; (Б) after intramuscular administration of extract, hema-
toxylin and eosin, ×774; (В) comparison group, histochemical staining of DNA and RNA; (Г) ‑ expression of color on 
DNA by intramuscular introduction of the extract (Д) comparison group, nuclear expression of Ki67 of tumor cells; (E) 

after intramuscular administration of Gratiola officinalis extract, absence of Ki67 expression.
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Conclusion
The intramuscular administration of Gratiola officinalis extract causes inhibition of tumor 

growth in rats with transplanted kidney cancer and leads to the development of necrobiotic and 
dystrophic processes in tumors, the appearance of apoptosis, a decrease in proliferative activity 
in tumor cells.

The work of NVP was funded by RFBR according to the research project № 18-015-00298 А. 
The work of NAN was supported by state assignment of Russian Ministry of Health.
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ASSOCIATION OF SURVIVAL OF PATIENTS wITH UVEAL 
MELANOMA wITH MOLECULAR GENETIC ABERRATIONS: 

LONG-TERM FOLLOw-UP

V.V. Neroev1,2, S.V. Saakyan1,2, A.G. Amiryan1, A.Iu. Tsygankov1,2, A.M. Burden-
ny3, V.I. Loginov3, M.R. Khlgatyan1

Moscow Helmholtz Research Institute of Eye Diseases, Moscow, Russia1

Medical State University of Medicine and Dentistry, Moscow, Russia2

Institute of General Pathology and Pathophysiology, Moscow, Russia3

Aim: to determine the survival of patients with UM after enucleation, depending on molecular - 
genetic aberrations. Material and Methods. 30 patients with UM at the age from 23 to 83 years 
were examined and treated. In all cases, enucleation was performed. The removed eyes underwent 
morphological and molecular genetic and cytogenetic analysis (loss of heterozygosity on chromo-
somes 1, 3 and 8, methylation of the RASSF1A gene, mutations in GNAQ/11 genes, polymorphism 
of the ABCB1 gene). The median follow-up was 61 months. Results. The overall 3-year survival 
rate of patients with UM was 77.8% ± 8.0%, and the 5-year survival rate was 63.0% ± 9.0%. The 
average survival time was 52.8 months ± 3.9 months. Patients with chromosome 3 monosomy 
showed significantly lower 5-year survival rates than patients with partial monosomy and with-
out loss of heterozygosity in chromosome 3 (Log-rank test, χ2 = 14,111, p = 0.001). The loss of 
heterozygosity on chromosomes 1 and 8, the methylation of the RASSF1A gene, the mutations in 
GNAQ/11 genes and the polymorphism of the ABCB1 gene were not associated with the worst 
vital prognosis. Conclusion. Molecular - genetic aberrations play an important role in predicting 
the course of the tumor process and determining the risk of hematogenous metastasis in patients 
with UM. The significant role of monosomy of chromosome 3 has been proved. Due to the rela-
tively small cohort (30 patients) and the time factor (analysis of 5-year survival), the role of other 
molecular genetic changes has not confirmed, therefore, the assessment of not only genetic, but 
also clinical, echographical and morphological prognostic factors, is required.
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Keywords: uveal melanoma, genetics, survival, molecular genetic changes, monosomy of chromosome 
3, deletion of chromosome 1, deletion of chromosome 8, RASSF1A methylation, GNAQ / GNA11 gene 
mutations, ABCB1 gene polymorphism.

Introduction
In recent years, molecular genetic prognostic factors for uveal melanoma (UM) have become 

very important. It should be taken into account that UM is not a monogenic but a multifactorial 
disease with a complex molecular structure. In clinical practice, molecular genetic methods are 
used to identify patients with a high risk of developing metastases [1]. Despite the possibility of 
achieving good short-and medium-term local tumor control and in some cases, long-term follow-up, 
the incidence of metastasis remains about 50% after 5 years regardless of treatment [2]. To predict 
the course of the disease, several clinical, histological and genetic factors have been identified, the 
most important of which is monosomy of chromosome 3 and a specific set of tumor genes [3].

Aim: to determine the survival of patients with UM after enucleation, depending on molecular - 
genetic aberrations.

Material and Methods
The study included 30 patients with UM at the age of 23 to 83 years (mean 51.3 ± 12), 18 

(60%) women and 12 (40%) men treated in 2012. Prominence of UM varied from 2.6 to 13.8 mm 
(average - 8.6 ± 2.9 mm), the basal diameter - from 8.2 to 21.9 mm (average - 15 ± 3.4 mm). In 
all cases, enucleation was performed. The removed eyes underwent morphological and molecular 
genetic and cytogenetic analysis (loss of heterozygosity on chromosomes 1, 3 and 8, methylation 
of the RASSF1A gene, mutations in GNAQ/11genes, polymorphism of the ABCB1 gene). According 
to pathohistological data, spindle cell type of melanoma was established in 16 (53.3%) patients, 
mixed cell type in 9 (30%) patients and epithelioid cell type in 5 (16.7%). The median follow-
up was 61 months. For this period of observation, 10 people (1/3) died from metastatic disease. 
The statistical analysis was carried out using the packages of Microsoft Windows® 7, IBM SPSS 
Statistics 23.0.

Results
The 3-year survival rate of UM patients was 77.8% ± 8.0%, and the 5-year survival was 

63.0%±9.0%. The mean survival time was 52.8 months ± 3.9 months [95% CI, 50.5-65.9]. Pa-
tients with full monosomy of chromosome 3 showed significantly lower 5-year survival rates than 
patients with partial monosomy (log-rank test, χ2=14,111, p=0.001). Monosomy of chromosome 
3 was determined in 12 patients. Loss of heterozygosity on chromosome 1p was detected in 9 
patients with UM, 4 of which died from distant metastases. The overall survival rate in patients 
without loss of heterozygosity on chromosome 1p after 5 years of dynamic observation was 66.7% 
± 11.0%, and in patients with loss of heterozygosity on chromosome 1p - 50.0% ± 18.0%. The 
mean survival time in patients without and with loss of heterozygosity on chromosome 1p was 60.1 
months ± 3.13 months [95% CI, 54.0-66.2] and 44.8 months ± 8.8 months [95 % CI, 27.4-62.1], 
respectively. Cumulative proportion of survivors under 5-year observation in patients without loss 
of heterozygosity on chromosome 8p was 63.6% ± 0.10, and in patients with loss of heterozygosity 
- 50.5 % ± 0.25. When analyzing the mean survival time, in patients without loss of heterozygosity 
on chromosome 8p, it was 56.1 months ± 4.2 months [95% CI, 47.9-64.3], and in patients with 
heterozygosity loss 53.3 months ± 8.8 months [95% CI, 36.0-70.5]. Of 10 deaths from metastases, 
RASSF1A gene methylation was determined only in 3 patients. The accumulated proportion of 
survivors under 5-year follow-up in patients with the presence of RASSF1A gene methylation was 
62.5% ± 17.0%, and in patients without RASSF1A gene methylation 63.2% ± 11.0% (p<0.05). 
The cumulative proportion of survivors in the absence of a mutation in the GNAQ gene (Gln209) 
was 63.6% ± 10.0%, while in patients with a mutation in the exon it was 50.0% ± 25.0%. Mean 
values for survival time were 54.6 months ± 4.4 months [95% CI, 46.0-63.2] and 62.2 months ± 
3.3 months [95% CI, 55.5-68.5] in patients having no mutation in the GNAQ gene (Gln209) and 
in patients with this mutation, respectively. Survival analysis revealed no significant differences in 
survival curves in patients with GNAQ gene mutations. The accumulated proportions of survivors 
were 46.2% ± 13.8% and 76.9% ± 11.7% in the group of patints without mutation of the GNA11 
gene (Gln209) and in the group of patients with the mutation of the GNA11 gene, respectively. 
Survival time was 53.2 months ± 4.8 months [95% CI, 43.7-62.6] in patients without mutations and 
58.1 months ± 5.7 months [46.8-69.3] in patients having mutations. The accumulated proportions of 
survivors under 5-year follow-up in patients with the CC and CT genotypes of polymorphic marker 
C3435T of the ABCB1 gene were nearly identical and amounted to 62.5% ± 12.0% and 60.0% ± 
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15.0%, respectively. In this case, the median survival of patients with UM with the CC genotype 
was 56.6 months ± 4.2 months [95% CI, 48.4-64.8], and the median survival of patients with the CT 
genotype was 53.3 months ± 7.1 [95% CI, 39.7-67.5]. Thus, it was not possible to reveal statistical 
differences in the 5-year survival of patients depending on the CC and CT genotype.

Conclusion
The molecular-genetic aberrations play an important role in predicting the risk of hematogenous 

metastasis in patients with UM. A significant role of monosomy of chromosome 3 has been proved. 
Due to the relatively small cohort (30 patients) and the time factor (analysis of 5-year survival), 
the role of other molecular genetic changes has not confirmed, thus requiring the assessment of 
not only genetic, but also clinical, echographical and morphological prognostic factors.
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INVESTIGATION OF THE ASSOCIATION OF POLYMORPHIC 
VARIANTS 481C> T, 590G> A AND 857G> A OF 

N-ACETYLTRANSFERASE 2 GENE (NAT2) wITH 
THE DEVELOPMENT OF LUNG CANCER IN THE YAKUTS

V.M. Nikolaev1, F.V. Vinokurova1, S.I. Sofronova1, S.D. Efremova1, 
S.A. Fedorova1

Yakut Scientific Center of Complex Medical Problems, Yakutsk, Russia

The associations of polymorphic variants 481C> T, 590G> A and 857G> A of NAT2 gene with 
development of lung cancer in Yakutia have been studied for the first time. Genetic markers of 
increased and decreased risk of lung cancer in the Yakuts have been identified. It has been revealed 
that the markers of increased risk of developing lung cancer for the Yakuts are the NAT2 * 857A 
allele and the NAT2 * 857G/A genotype, the NAT2 * 857G allele, the NAT2 * 857G/G genotype 
are markers of reduced risk.

Keywords: lung cancer, polymorphic variant, N-acetyltransferase-2.

Relevance
Lung cancer, like many other oncological diseases, is a multifactorial disease, in the develop-

ment of which an important role is played by both external (smoking, asbestos, radon, arsenic, etc.) 
and genetic factors. Some authors have shown that the polymorphic variants of the NAT2 gene 
contribute to the development of oncological diseases, including lung cancer [1, 2].

The NAT2 gene is localized on the short arm of chromosome 8 (8p23.1), has a length of about 
9900 bp, contains 2 exons and is predominantly expressed in the liver and intestine. The N-
acetyltransferase-2 enzyme, encoded by this gene, is a 33 kD protein consisting of 290 amino acid 
residues. This enzyme, localized in the cytoplasm, participates in the biotransformation process of 
aromatic amines that are present in the environment. The source of aromatic amines is industrial 
waste, pollution of water, air, and a number of medicines [3, 4].

Material and Methods
We examined 60 patients with lung cancer (43 male and 17 female), Yakut ethnicity, who re-

ceived treatment in the Republican oncological dispensary of Yakutsk, Republic Sakha (Yakutia), 
Russia. The mean age of the patients was 58.86 ± 8.72 yrs. As a control, a group of healthy indi-
viduals without cancer, corresponding to a group of patients on ethnic origin and sex, consisting 
of 60 people (mean age 49.5 ± 5.75) was studied.
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Results
In order to identify possible associations of polymorphic variants of the NAT2 gene with the 

development of lung cancer, we performed an analysis of the frequency distribution of alleles and 
genotypes of the polymorphic variants 481C> T and 590G> A in patients with lung cancer and 
in people without oncological diseases. We did not find statistically significant differences in the 
distribution of frequencies of alleles and genotypes between the control group and the group of 
patients with lung cancer.

The most statistically significant differences in the frequencies of alleles and genotypes were 
observed by the polymorphic variant 857G> A. In patients compared with healthy ones, there is 
a decrease in the incidence of mutant NAT2 * 857G allele - 64.2% and 78.3%, respectively, χ² 
= 42.52; p = 0.000 ...; OR = 2.02; 95% CI = 1.10-3.78 and an increase in the frequency of wild 
NAT2 * 857A allele-35.8%, 21.7%, respectively χ² = 42.52; p = 0.000 ...; OR = 6.47; 95% CI = 
3.52-11.98.

In the group of patients, the frequency of the NAT2 * 857A allele (35.8%, χ² = 42.52, p = 0.000 
..., OR = 6.47, 95% CI = 3.52-11.98), and the heterozygous genotype NAT2 * 857G/A (71.6%, 
χ² = 13.43, p = 0.0002, OR = 0.23, 95% CI = 0.10-0.53), but the frequency of homozygous geno-
type decreased NAT2 * 857G/G (28.4%, χ² = 10.95, p = 0.0009, OR = 3.79, 95% CI = 1.66-8.78) 
compared with the control - 21.7%, 36.6% and 60.1% respectively.

Conclusion
In the analysis of associations of polymorphic variants 481C> T, 590G> A and 857G> A of the 

NAT2 gene with the development of lung cancer in Yakutia, allelic variants and genotypes of the 
NAT2 gene were established, contributing to the development of lung cancer in individuals of Ya-
kut ethnicity. The markers of increased risk of developing lung cancer in the Yakuts are the NAT2 
* 857A allele and the NAT2 * 857G/A genotype; the NAT2 * 857G allele, the NAT2 * 857G/G 
genotype are low-risk markers.
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GLUTATHIONE AND HEAT SHOCK PROTEINS 27 AND 70 
AS MOLECULAR TARGETS FOR REGULATION OF APOPTOSIS 

IN JURKAT CELLS
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Siberian State Medical University, Tomsk, Russia

The article presents the data on the role of reduced and oxidized glutathione and heat shock 
proteins 27 and 70 in regulating apoptosis in Jurkat cells.

Keywords: Jukart tumor cells, apoptosis, oxidative stress, glutathione, Hsp 27, Hsp 70, refolding.

Rationale
Currently, identification of molecular mechanisms and molecular targets of apoptosis regula-

tion is a crucial area of fundamental research. In the pathogenesis of tumor growth, impairment 
of programmed cell death is associated with development of oxidative stress and accumulation of 
reactive oxygen species (ROS). The latter causes the oxidative modification of protein and lipid 
molecules, damage to DNA, and damage to the cell membrane structure. Proteins act as key traps 
for ROS due to the presence of sulfur-containing and aromatic amino acids in the structure of 
their polypeptide chain. The interaction between the cell proteome and ROS results in oxidative 
modifications that change the functional activity of proteins. To ensure vital activity of tumor cells 
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under oxidative stress, refolding of proteins that are involved in metabolism is warranted along 
with proper functioning of the antioxidant protection system, the glutathione-dependent system, in 
particular [1]. Consequently, the functional state and survival of the tumor cell directly depend on 
the redox balance and activity of heat shock proteins. According to modern understanding, proteins 
of the Hsp 70 family have enzymatic properties that can alter conformational changes in proteins 
by means of ATP energy. Besides, they contribute to transmembrane translocation of proteins and 
are among the first to react to oxidative stress development [2]. Refolding of proteins by means of 
Hsp 70 is more efficient after protein aggregates associate with low-molecular-weight heat shock 
proteins, Hsp 27, in particular [3].

The aim of this work is to establish a relationship between the changes in the reduced and 
oxidized glutathione concentrations and Hsp 70 and Hsp 27 levels and implementation of apoptosis 
in Jurkat cells.

Material and Methods
The study was carried out on Jurkat cells (“human T-lymphoblastic leukemia“) incubated in the 

semi-open system at +37 °С with 5% СО2 in sterile conditions in the complete growth medium 
RPMI-1640 and intact blood lymphocytes isolated from the mononuclear leukocyte fraction of 
healthy donors (8 men and 8 women aged 20-45). In the experiment we used the cell cultures 
containing not more than 5% of dead cells. Cell vital activity was evaluated by microscopy with 
the 0.4% tryptan blue solution (“Serva”, USA).

Qualitative assessment of the cells that entered apoptosis was conducted by flow cytometry 
with Annexin V-FITC, and propidium iodide (“TREVIGEN”, USA). The intracellular ROS level 
was evaluated with 2,7-dichlorofluorescein diacetate (“Sigma-Aldrich”, USA), in accordance with 
the manufacturer’s instructions.

The levels of reduced and oxidized glutathione were measured by spectrophotometry with recir-
culation of the enzyme and blocking of the -SH group of reduced glutathione with 2-vinylpyridine 
(“Wako”, Japan) [4]. The heat shock protein concentration was determined by Western blot analysis 
with phospho-Hsp 27 (“Abcam”, USA) and Hsp 70 (“R&D Systems”, USA) primary monoclonal 
antibodies, according to the manufacturer’s instructions. The conclusion about the level of the 
studied protein in the cell was made according to the changes in the sought protein labeling signal 
β-actin cytoskeleton signal ratio (“Sigma-Aldrich”, USA) [5].

The normality of quantitative data distribution was tested using the Shapiro-Wilk test. The sta-
tistical significance of the independent samples was evaluated by the nonparametric Mann-Whitney 
test. The Spearman’s rank correlation technique was applied to establish a relationship between 
the variables. The differences were considered statistically significant at р<0.05.

Results and Discussion
Following the conducted study, we pointed out a change in the pro/antioxidant ratio under tumor 

progression. Thus, in the Jurkat cells the level of ROS was 6.2 times higher (р<0.05), the concen-
tration of reduced glutathione was 2.7 times higher (р<0.05) and the level of oxidized thiol was 
1.5 times higher (р<0.05) than similar parameters in the intact blood lymphocytes. The glutathione 
system makes an essential contribution to maintaining cellular redox-status. Its key component is 
reduced glutathione, which acts as a non-enzymatic trap for free radicals.

Under generated oxidative stress, the Hsp 27 level in the Jurkat cells was 1.9 times higher 
(р<0.05) and the level of Hsp 70 was 2.9 times higher (р<0.05) than the same parameters in the 
intact blood lymphocytes. It proved the need for refolding of oxidatively modified proteins. In the 
meantime, the Jurkat cells were characterized by inhibition of apoptosis. We obtained 4.4 times 
(р<0.05) less Annexin V positive cells among the Jurkat cells, as opposed to the intact blood lym-
phocytes. Following the correlational analysis of the obtained findings, we identified a negative 
relationship between the number of Annexin V positive cells and the Hsp 27 level in the Jurkat 
cells (r = -0.67; р<0.05).

Conclusions
Therefore, the components of the glutathione system and heat shock proteins 27 and 70 are 

potential targets for regulation of apoptosis in Jurkat cells.
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INTRAOPERATIVE RADIOTHERAPY IN COMBINED 
TREATMENT OF SINONASAL CARCINOMA

V.A. Novikov1, R.V. Vasiljev1,2, O.V. Gribova1, E.L. Choynzonov1, V.I. Shtin1, 
P.V. Surkova1, Zh.A. Startseva1

Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences, 
Tomsk, Russia1

Tomsk State University of Control Systems and Radioelectronics, Tomsk, Russia2

Intraoperative radiation therapy allows a higher radiation dose to be delivered to the tumor 
bed, while sparing normal surrounding tissues and reducing the risk of fibrosis. Sinonasal tumors 
represent a convenient object for intraoperative radiotherapy application (surface location, relatively 
small size tumors, good surgical access). Treatment was conducted using a mobile compact betatron 
(MIB-6E) using a 10-12 Gy single radiation dose. There were no pathological clinical and laboratory 
reactions to IORT in the early postoperative period. Electron-beam IORT allowed prevention of 
radiation side effects and achievement of the 5-year- disease-free survival in 66% patients. 

Keywords: IORT, sinonasal carcinoma, head and neck tumors.

Introduction
Sinonasal tumors are a highly heterogeneous group of tumors that account for less than 1% of 

all cancers. Despite advances in diagnosis and cancer treatment, early detection of nasal cavity and 
paranasal sinuse cancers remains challenging. More than 80% of patients are diagnosed with locally 
advanced forms of the disease (T3 – T4), requiring a combined approach to treatment [1-3].

Large, multi-center clinical trials have shown the benefit of combination radiotherapy and radical 
surgery [4-7]. Despite aggressive tactics, long-term treatment outcomes remain unsatisfactory: 
five-year survival rates range from 37 to 60%, local relapses are observed within the first two 
years in 50-80% of cases. Currently, intraoperative radiotherapy (IORT) is widely used in the 
treatment of different types of malignant tumors. It allows a large single dose of irradiation to be 
delivered directly to the tumor or to the «bed» of the removed tumor. Electron beams of different 
energies produced by acelerators or betatrons are used for  IORT. To date, a special equipment  for 
performing IORT for cancer patients have created in a number of countries in the United States, 
Italy, Germany, Russia [7-9].

Fast electrons have been used in clinical radiology for more than half a century and have a 
number of important advantages due to the physical characteristics of electron radiation therapy: 
the depth of penetration of electrons is proportional to the average energy and can be adjusted 
depending on the task; the maximum of absorbed dose is at a given depth; a sharp drop of the dose 
of fast electrons after reaching a maximum, which significantly reduces the irradiation of adjacent 
healthy tissues 

Material and Methods
Forty-three patients with newly diagnosed malignant tumors of the nasal cavity and paranasal 

sinuses received combined modality treatment. Preoperative hypofractionated external beam 
radiation therapy (EBRT) was given at a daily dose of 3 Gy, 5 fractions per week to a total focal dose 
of 36 Gy (isoeffective dose = 44 Gy). Surgery with 10Gy IORT was performed 5-10 days after the 
completion of preoperative radiotherapy. The total EBRT and IORT dose in this group of patients 
was 60-65 Gy, i.e. it corresponded to the dose of the radical course. Intraoperative radiotherapy 
was performed using a small-size betatron (MIB-6E) with the energy of 6 MeV.

Results
The treatment was well tolerated in all patients. Preoperative EBRT in combination with IORT 

had no adverse effect on the healing process of postoperative wounds, the frequency and severity 
of local complications did not differ significantly from those in the control group. Radiation-
induced brain injury was not observed in the immediate postoperative period and in the long term 
follow-up. The analysis of relapses after combined treatment with IORT and EBRT showed that 
the additional irradiation of the «risk» zones in the operating cavity resulted in reduction in the 
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frequency of relapses in these zones and significantly improved survival rates of patients. The 
5-year recurrence-free survival rates in the study and control groups were 66.2 ± 8.8% and 40 ± 
9.2%, respectively.

Conclusion
The developed method of combined treatment of tumors of the nasal cavity and paranasal sinuses 

resulted in reduction in the frequency of relapses and increase in the life expectancy of patients. 
The IORT session prolonged surgery for 30 minutes. No pathological clinical and laboratory 
reactions to the IORT in the early postoperative period were observed. The procedure is possible 
to perform in a standard operating unit, does not require the use of special security measures for 
the patient and staff.  Electrn-beam IORT made it possible to avoide radiation-induced reactions 
and to achieve the 5-year recurrence-free survival in 66% of the patients.  

The study was supported by a grant from the Russian Science Foundation (project № 16-15-
00038).
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INTRAOPERATIVE IMAGING OF SENTINEL LYMPH NODES 
IN ENDOMETRIAL CANCER USING ALOTECH, 

A NEw RADIOPHARMACEUTICAL 

M.O. Ochirov1, L.A. Kolomiets1,2, V.I. Chernov1,3

Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences, 
Tomsk, Russia1

Siberian State Medical University, Tomsk, Russia2
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Purpose. To evaluate the effectiveness of intraoperative imaging of sentinel lymph nodes (SLN) 
in patients with stage I endometrial cancer using 99mTc-Al2O3 (Alotech), a new radiopharmaceutical. 
Material and Methods. The study included endometrial cancer patients treated at the Gynecological 
Department of the Cancer Research Institute, Tomsk National Research Medical Center in the 
time period from 2017 to 2018. Alotech, a new radiopharmaceutical, was used for   identification 
of sentinel lymph nodes in all patients. Results. The measurements of local concentrations of 
Alotech were carried out in 46 patients. The average accumulation of 99mТс-Аl2O3 in SLN was 6% 
by SPECT and 8% by gamma probe. In intraoperative detection of SLN, bilateral accumulation 
of the radiopharmaceutical was revealed in 37% of patients (n=17), unilateral in 56.5% (n=26). 
Сonclusion. The use of Alotech allows successful intraoperative assessment of sentinel lymph 
nodes due to the high level of accumulation in SLNs of patients with endometrial cancer. SPECT 
and intraoperative gamma probe-guided identification performed after injection of 99mTc-Al2O3 
enable the detection of SLNs with 93.4 % sensitivity.

Keywords: endometrial cancer, sentinel lymph nodes, radiopharmaceutical.
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Endometrial cancer is the most common gynecologic cancer in Russia. More than 24,000 new 
cases are diagnosed annually. From 2005 to 2015, the standardized incidence rate per 100,000 was 
17.5 [1]. Stage I endometrial cancer was detected in 65.6 % of cases with 5-year survival rate of 90%. 
However, in patients with lymph node metastases, the 5-year survival rate did not exceed 60% [2].

Detection of sentinel lymph nodes (SLN) is the most important prognostic factor of long-term 
disease outcome survival [3]. The method of detection of sentinel lymph nodes is included in 
the recommendations of some cancer societies such as NCCN and EANM as an alternative to 
lymphadenectomy. The detection of SLNs allows optimization and personalization of surgical 
treatment as well as evaluation of lymph node status. 

The most common method of detecting SLN is the isotope-associated method using radiopaque 
radioactive lymphotropic colloid substance that can penetrate the walls of the lymph capillaries. 
Currently, nanocolloid labeled with technetium-99m is widely used for identification of SLN. 
However, this radiopharmaceutical has several disadvantages: low level of accumulation (1-2%), 
it can be accumulated in level II-III lymph nodes, and it has not been registered in the territory of 
the Russian Federation [5]. 

The purpose of our research was to evaluate the effectiveness of intraoperative imaging of SLN 
in patients with stage I endometrial cancer using 99mTc-Al2O3 (Alotech) radiopharmaceutical.

Material and Methods
The study included patients with stage I endometrial cancer, treated at the Gynecological 

Department of the Cancer Research Institute, Tomsk National Research Medical Center, in the 
time period from 2017 to 2018. All patients underwent total hysterectomy with bilateral salpingo-
ovariectomy and pelvic lymph node dissection with the detection of SLN.  In 75% of cases (n=34), 
SLNs were detected using a portable gamma scanner GammaFinder II®. The accumulation level 
of the radiopharmaceutical was measured after removing lymph nodes from the abdominal cavity. 
The detected SLN were marked separately. In 25% of cases (n=12), SLNs were detected using 
Read Pointer-gamma, a new system for the detection of SLNs, which allowed the measurement of 
the accumulation level of the radiopharmaceutical during laparoscopic surgery. The detected SLN 
were removed from the abdominal cavity and sent for urgent cytological examination.

Results
The mean age of patients was 57±7.2 years. The average accumulation of Alotech in SLN was 

6% by SPECT and 8% by gamma probe. Internal iliac vessels were the most common site for 
SLN detection (37%, n=17), followed by external iliac vessels (18.7%, n=9), and common iliac 
vessels (17.3%, n=8). A single SLN was located in the same region of the obturator fossa and 
the aortic bifurcation and iliac arteries. Findings of intraoperative SLN detection were consistent 
with SPECT results in all patients. In intraoperative detection of SLN, bilateral accumulation of 
the radiopharmaceutical was revealed in 37% of patients (n=17), unilateral in 56.5% of patients 
(n=26). 

Conclusions
The SLN detection is an alternative to lymphadenectomy. An important aspect is the search for 

optimal radiopharmaceutical for the detection of SLN in surgical treatment of stage I endometrial 
cancer. The use of Alotech, a new radiopharmaceutical, allows successful identification of 
intraoperative assessment of lymph node status, due to the high level of accumulation in the SLN 
in patients with endometrial cancer. SPECT and intraoperative gamma probe-guided identification 
performed after injection of 99mTc-Al2O3 enabled the detection of SLNs with 93.4 % sensitivity.
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MIR-204-5P INHIBITOR APPLICATION AFFECTS MELANOMA 
CELL PROLIFERATION RATES AND IMMUNOCOMPETENT 
CELLS PRESENCE IN MELANOMA METASTASIS TARGET 

ORGAN
N.V. Palkina1, A.V. Komina1, M.B. Aksenenko1, A.S. Moshev2, 
A.A. Savchenko2, T.G. Ruksha1

Department of pathophysiology, Krasnoyarsk State Medical University, Krasnoyarsk, Russia1

Laboratory of cell molecular physiology and pathology, Federal Research Center «Krasnoyarsk Science 
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Activating mutations in BRAF, NRAS or KIT genes in melanoma were shown to be important 
targets for forceful treatment by specific inhibitors though the acquired resistance complicates 
their efficacy [1]. Therefore the search for novel therapeutic approaches to disseminated forms 
of melanoma is under study. Previously we demonstrated that microRNA-204-5p (miR-204-5p) 
expression levels decreased in melanoma as compared to melanocytic nevi. This observation 
inspired us to perform a functional study on miR.

Melanoma cells BRO and SK-MEL-1 were cultured in RPMI-1640 medium with L-glutamine 
(Gibco, Life Technologies, Paisley, UK) and 10% fetal bovine serum (Gibco, Life Technologies, 
Paisley, UK) at 37 °C in 5% CO2 in CO2-incubator Sanyo MSO-5AC (Sanyo, Electric Co., Ltd., 
Osaka, Japan). Flow cytometric analysis of cell apoptosis was provided by the use of Annexin 
V – FITC/7AAD kit (Immunotech, Beckman Coulter, Marseille, France). Cell viability/cell pro-
liferation rates were evaluated by MTT-test. Migration and invasion experiments were performed 
with CytoSelect™ 24-Well Cell Migration and Invasion Assay (Cell Biolabs, Inc., San Diego, 
CA, USA). DIANA-mirPath v.3.0 was used for the KEEG pathway analysis of miRNA signature. 
MiRNA targets were predicted based on DIANA-microT-CDS. The data on cell proliferation, 
viability, apoptosis, migration and invasion assay were analyzed by using nonparametric Mann-
Withney U-test. The results were considered as significant at p <0.05.

Melanoma cell line B16 was obtained from Research Institute of Fundamental and Clinical 
Immunology (Novosibirsk, Russia). C57Bl6 mice were obtained from Research Institute of 
Fundamental and Clinical Immunology (Novosibirsk, Russia). Animals were kept in conditions of 
natural light without any restrictions on access to water and food. Mice were randomly divided into 
three groups: control group treated with sterile 0.01M PBS (n=3), negative control group treated 
with negative control of LNA inhibitor Negative control A miRCURY LNA™ miRNA Inhibitor 
Control (Exiqon, Vedbaek, Denmark) (n=6), and experimental group which was treated with the 
inhibitor mmu-miR-204-5p miRCURY LNA™ (Exiqon, Vedbaek, Denmark) (n=5). The solutions 
were injected intracutaneously on the 7th and 14th day after transfection.

The study was approved by Krasnoyarsk State Medical University Local Ethic committee 
(protocol № 70/2016 issued by June 6th, 2016).

Bioinformatic analysis showed BCL2, TGFBR1, and SIRT1 as possible gene targets for miR-
204-5p, further expression analysis revealed their expression alterations confirming functioning 
as gene targets for the miR. MiR-204-5p inhibitor application in vitro resulted in diminishing of 
melanoma cell proliferation and colony formation, stimulated their migration. In vivo study of 
miR-204-5p inhibitor application revealed transient increase in tumor volume of B16-melanoma 
bearing mice. Melanoma metastasis target organs were characterized by decreased number of 
CD45-positive cells.

To assess LNA-inhibitor toxicity for the animal, some parameters were estimated in dynamics 
during the experiment: weight, physical activity, amounts of food and water consumed. It was 
shown similarity of these data for the mice treated with LNA-miR-204-5p-inhibitor to ones in PBS 
group. At the same time physical activity of LNA-inhibitor treated mice was significantly decreased 
from day 12th to 16th of the experiment without alterations in animals activity. Organs weigth after 
mouse euthanasia did not reveal any differences between groups studied that allowed to conclude 
about the absence in significant negative effect of LNA-inhibitor on animals.

SIRT1 as target gene of miR-204-5p may affect melanoma cell proliferation rates by targeting 
several signaling pathways including transforming growth factor family [2]. Bioinformatic analysis 
showed that miR-204-5p involved in T-cell receptor and B-cell receptor signaling pathways 
regulation that may explain immunocompetent cell down-regulation in melanoma metastasis target 
organs under miR-204-5p specific inhibitor treatment.
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MACROPHAGE POLARIZATION MARKERS OF BLOOD 
MONOCYTES IN PATIENTS wITH BREAST CANCER
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Polarized monocytes can have diagnostic value in breast cancer, including a triple negative 
subtype. We examined the markers of M2- polarization of monocytes: CD163 and stabilin1 and the 
recently described chitinase-like proteins: SI-CLP, YLK39, YLK40, in breast cancer patients and 
healthy volunteers. The features of polarized monocytes in breast cancer were revealed depending 
on the molecular subtype of the tumor.

Keyworlds: monocytes polarization, chitinase-like proteins, inflammation, breast cancer.

Introduction
The appearance of polarized monocytes is noted in malignant neoplasms which are accompanied 

by inflammation in most cases. Such monocytes express marker molecules of macrophages 
exhibiting pro- (M1) or anti-inflammatory (M2) activity. A diagnostic value for CD163 + monocytes 
associated with M2-polarization was shown for breast cancer [1]. Recently, a number of studies 
have found new markers on tumor-associated macrophages that may be of clinical significance for 
the pathogenesis of breast cancer: the transmembrane protein stabilin1 and the associated stabilin 
interacting chitinase-like protein (SI-CLP), as well as the recently described chitinase-like proteins 
(CLP) YLK39 and YLK40 [2]. In the primary cultures of human macrophages Stabilin1 and CLP 
appear on M2-macrophages activated by the alternative pathway. CLP in blood monocytes are 
not known, but based on the results of studies of monocytes in vitro, they are markers of M2-
polarization. Although not all producers of YLK39, YLK40 in the human body are established, a 
significant role in this process is assigned to tissue macrophages and blood monocytes.

For a triple negative breast cancer (TNBC), a special significance of the evaluation of the tumor 
microenvironment is shown [3]. There are few studies on circulating monocytes in TNBC. However, 
this subtype represents the most popular object for immunotherapy, which shows the relevance of 
the study of the effector mechanisms of the immune system in TNBC.

Thus, the goal was to evaluate the expression of markers of M2-polarization of monocytes in 
breast cancer taking into account the TNBC.

Subjects and Methods
Twenty-five patients diagnosed with primary local breast cancer and 6 healthy volunteers were 

included into the study. We examined monocyte populations and gene expression within them in 
peripheral blood of cancer patients before any treatment.

Phenotypic features of monocytes were assessed by flow cytometry using mAb (BD Pharmingen, 
USA) against CD45 and CD163 and kindly provided mAb Stabilin1 produced in Institute of 
Transfusion Medicine and Immunology, Medical Faculty Mannheim, University of Heidelberg 
(Mannheim, Germany). Monocytes fraction from whole blood were subjected to positive CD14 
Magnetic Cell Sorting using CD14 Magnetic beads (Miltenyi Biotech, Germany). Total RNA from 
the monocytes was isolated using RNAesy Mini plus kit (Qagen, USA). Real-time RT-PCR was 
performed with Taq-man technology on a Rotor-gene 6000 (Corbet, Australia). The Pfaffl method 
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was used to assess the target transcript in a patients group relative to that of an health donors control 
group using expression of an internal control GAPH-DH to normalize data.

Statistical analysis was performed using Statistica 10.0 software package. Differences between 
groups were evaluated using the non-parametric Mann-Witny U-test. The Spearman rank correlation 
coefficients were calculated by comparing the prevalence of monocytes subpopulations to the gene 
expression. The results are present as medians with interquartile ranges, Me (25-75%). Differences 
were considered significant where p<0.05.

Results
There were no differences in the content of M-2 polarized CD163 + monocytes in patients with 

breast cancer in comparison with healthy subjects: 1.55 (0.82-4.95) % and 2.05 (2.00-2.60)%, 
respectively. Stabilin1+ monocyte evaluation was performed only in women with breast cancer: it 
was -28.35 (13.20-58.30) %. However, the presence of the oncologic process affected the expression 
of the genes of CLP YLK40, YLK39 and SI-CLP, which was significantly decreased in comparison 
with the group of healthy individuals, amounting to 0.64, 0.7, and 0.54 with respect to healthy 
controls, respectively. Correlation analysis showed that the expression of SI-CLP (r = -0.8, p> 
0.05), YLK39 (r = 0.8, p> 0.05) and YLK40 (r = 0.4, p>0.05) was not associated with the number 
of M2-polarized CD163 + monocytes in BC. This fact reveals a difference in the mechanisms that 
induce the synthesis of CLP and the CD163 molecule in monocytes.

It is known that TNBC is characterized by a more pronounced reactivity of the immune system 
compared to other molecular subtypes [3, 4]. The results obtained in our study also confirmed 
this thesis. Thus, the content of M2-polarized CD163 + monocytes was lower for TNBC (5.70 
(3.30-9.90) %) compared with other molecular genetic subtypes (1.45 (0.65-4.10) %) (Figure 1). 
The content of Stabilin1 + monocytes in TNBC (9.60 (0.10-19.10) %) was higher for a triply 
negative subtype - 43.35 (25.85-66.85) % (Figure 1), however, differences in gene expression CLP 
(the putative markers of M2-polarization of monocytes), as a function of the molecular subtype, 
were not detected (Figure 1).

Figure 1. Features of the PB monocytes in patients with TNBC (p-level: * - p<0,05).

Conclusions
In general, the diagnostic significance of CD163+ and Stabilin1+ mnocytes has not been 

established for breast cancer. However, their significance for the characterization of TNBC is 
shown. Data were obtained on the presence of CLP in monocytes of both healthy people and 
patients regardless of the molecular subtype of the tumor, which may indicate the polarization 
of monocytes at the level of transcription of CLP genes. At the same time, the tumor process can 
have a negative effect on the expression of these genes in monocytes, reducing it. The obtained 
data reveal the significance of the study of CLP as markers of monocyte polarization. Identified 
features of TNBC indicate new diagnostic parameters for this subtype.

This research was supported by Russian Foundation for Basic Research (Grant № 16-54-
76015)
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SIGNAL TRANSDUCTION AND THERAPEUTIC EFFECTS 
OF HUMAN MENINGIOMA EMBOLIZATION

M.L. Perepechaeva, E.V. Vorontsova, S.M. Pyatov, A.Y. Grishanova

Federal publicly funded scientific institution Federal Research Center for Fundamental and Translational 
Medicine, Novosibirsk, Russia

Hypoxia plays an important role in the pathogenesis of meningiomas, and hypoxia can stimulate 
apoptosis of tumor cells; on the other hand, hypoxia may contribute to meningioma progression. To 
clarify the molecular basis for the differences in the outcomes of these two therapeutic strategies, 
we investigated the mRNA expression of HIF-1α, AhR, ARNT, NcoA2, and of HIF-1α-controlled 
genes VEGF-A, GLUT1, and c-Myc in tumor samples of benign meningiomas from two groups of 
patients: where the tumor was removed either without or after endovascular embolization. The study 
showed that in meningiomas exposed to hypoxia as a result of embolization, the mRNA levels of 
AhR, ARNT, and NcoA2 were significantly lower as compared to unembolized meningiomas. It is 
likely that AhR can be an independent therapeutic target in meningiomas without the intermediation 
of endovascular-embolization–induced hypoxia.

Keywords: meningiomas, AhR, HIF-1α, hypoxia, embolization, therapeutic target.

Relevance
Hypoxia plays an important role in the mechanisms of development of meningiomas, and hypoxia 

can stimulate apoptosis of tumor cells; on the other hand, hypoxia can contribute to meningioma 
progression. The central role in the development of hypoxia is played by the transcription factor 
HIF-1α and its downstream signaling pathways mediating angiogenesis, glucose metabolism, and 
cell proliferation. In the nucleus, HIF-1α forms a complex with the ARNT protein [arylhydrocarbon 
receptor (AhR) nuclear transporter], and AhR can compete with HIF-1α for ARNT. AhR is known 
to control the expression of genes of cytochrome P450 family 1 and to participate in the molecular 
cascades that promote cell differentiation and apoptosis and inhibit proliferation. It is known that 
the transcription coactivator NcoA2 regulates activation and inhibition of proteins of the basic 
helix-loop-helix (bHLH)/PAS family, which includes HIF-1α, ARNT, and AhR. The aim of the 
study was to investigate HIF-1α- and AhR-dependent signaling pathways in unembolized and 
embolized human meningiomas to reveal the molecular basis of a tumor response to hypoxia. This 
knowledge can be relevant to the search for molecular markers of different responses to hypoxia 
and ultimately the choice of therapeutic tactics.

Material and Methods
The object of the study was tissue samples of meningiomas, a type of benign brain tumor, from 

two groups of patients with the diagnosis of Meningioma WHOGr1, where the tumor was removed 
either without (n = 10) or after (n = 7) endovascular embolization. The mRNA expression of HIF-
1α, AhR, ARNT, and NcoA2 and of HIF-1α-controlled genes VEGF-A, GLUT1, and c-Myc was 
determined in the samples. The gene expression was evaluated on the iCycler CFX96 real-time 
PCR detection system (Bio-Rad Laboratories, USA) according to the TaqMan principle. EIF2B1 
served as an internal control (housekeeping gene). The 2−ΔCt method was used to analyze the data. 
All the calculations were performed in the Statistica software package (StatSoft, Inc., USA). Data 
were subjected to analysis of variance (ANOVA) with the Bonferroni post hoc test.

Results
The study showed that there were no statistically significant differences in the mRNA levels of 

HIF-1a, VEGF-A, GLUT1, and c-Myc between the unembolized and embolized meningiomas. Nev-
ertheless, in the meningiomas exposed to hypoxia as a result of embolization, the mRNA levels of 
AhR, ARNT, and NcoA2 were significantly lower as compared to the unembolized meningiomas.

Conclusions
Thus, in the mechanism of action of hypoxia on meningiomas (as a result of endovascular embo-

lization), the AhR-dependent pathway plays a more important role than does the HIF-1α-dependent 
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pathway. Given the major involvement of the AhR signaling pathway in the cancer progression 
of human meningiomas (shown in a study on meningiomas biopsy samples [1]), the therapeutic 
effect of hypoxia may be related to its inhibitory influence on the AhR gene expression. It is likely 
that AhR can be an independent therapeutic target in meningiomas without the intermediation of 
endovascular-embolization–induced hypoxia.
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EXPRESSION OF BRCA1 GENE IN BREAST TUMOR: 
ASSOCIATION wITH DISEASE PROGNOSIS
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E.E. Perminova, P.V. Kazantseva, Е.М. Slonimskaya, N.V. Litviakov
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Most modern researches are limited to only germinal mutations of the BRCA1 gene (more 
often 5382insC) and there are a few studies that characterize various somatic alterations of the 
BRCA1 gene in a tumor, namely expression of this gene and its correlation with chemotherapy 
response. Taking into account the data on the association between the genetic mutation of BRCA1 
with high efficiency of platinum medication, we may suggest that expression of the BRCA1 gene 
is also associated with high sensitivity of the tumor to platinum-based drugs. Aim: to evaluate the 
correlation between the expression of the BRCA1 gene in breast cancer and response to neoadjuvant 
chemotherapy (NACT). The study included 86 patients with breast cancer (BC). We evaluated 
the expression of BRCA1 in tumor sample before and after NACT. We established that objective 
response to NACT was associated with high level of BRCA1 in the general group of patients 
(p=0.04) and in case of taxotere monotherapy (p=0.03).

Keywords: breast cancer, genes expression, BRCA1, neoadjuvant chemotherapy, 
chemotherapy efficacy, prognosis.

Introduction
The BRCA1 gene is situated on the long arm of the 17 chromosome (17q21.31) and it codes 

nuclear phosphoprotein, which partakes in reparation of DNA within a cell and in regulation of 
the cell cycle (PubMed; OMIM 113705).

Modern studies of this gene are limited to the study of only germinal mutations. There are 
few studies that characterize the different somatic changes in the BRCA1 gene in a breast tumor 
and, in particular, the expression of this gene. A low level of gene expression (due to epigenetic 
modification, down-regulation, effects of microRNAs or other causes) as well as a mutation can 
lead to a deficiency in the repair system, which can play an important role in the sensitivity of 
the tumor to treatment. Thus, the aim of this study was to study the correlations between BRCA1 
expression in a breast tumor and disease prognosis.

Material and Methods
The study included 105 BC patients with T1-4N0-3M0 IIA–IIIB stages with morphologically 

verified diagnosis, in the age range 22 to 68 (median age 47.7±0.9 years). According to the 
Consensus Conference on Neoadjuvant Chemotherapy in Carcinoma of the Breast (April 26–28, 
2003, Philadelphia, Pennsylvania), all patients received 2–6 courses of neoadjuvant chemotherapy 
(NACT) with FAC regimen (fluorouracil, doxorubicin, cyclophosphan), CAX (cyclophosphan, 
doxorubicin, xeloda), CP (cyclophosphan, cisplatin), and taxotere monotherapy. Surgery was 
followed by 2 courses of adjuvant chemotherapy according to the FAC regimen. Biopsy tumor 
samples were used as a test material before treatment and following NACT. Total RNA was isolated 
from 105 pair samples before treatment and after NACT. The level of expression of the BRCA1 
gene was assessed by RT-qPCR.
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Results and Discussion
At the first stage of our study we evaluated the level of BRCA1 expression before and after 

NACT. The average value of expression for this gene before treatment equaled to 0.85±0.1, and 
0.65±0.08 for the post-surgery material.

Evaluation of the relationship between the expression of the studied gene and response to NACT 
showed that patients who underwent CAX therapy (p=0.04) and patients who underwent taxotere 
monotherapy (p=0.03) had statistically significant differences between the group with objective 
response (CR+PR) and the group with no response to NACT (SD+P) (Table 1). In both cases, the 
expression level in the studied gene was higher in the group of patients with objective response 
to chemotherapy.

Table 1

Correlation of BRCA1 expression with the main clinical and morphological parameters of 
patients

Clinical and morphological parameters
Expression 

before treatment 
(Mean±SE)

p-level

Age
≤45 0,80±0,17

0,92
>45 0,90±0,15

Menstrual status
Perimenopause 0,79±0,13

0,35
Postmenopause 0,97±0,20

Tumor size
T1-T2 0,87±0,12

0,73
T3-T4 0,87±0,28

Lymph node status
N0 0,97±0,24

0,82
N1-3 0,80±0,11

Molecular subtype
Luminal В 1,04±0,16

0,03Triple negative 0,56±0,09
HER2-positive 0,41±0,17

Histological form
Unicentric 0,80±0,15

0,40
Multicentric 0,98±0,17

Efficiency of neoadjuvant therapy

All patients
CR+PR 0,53±0,10

0,07
SD+P 0,97±0,17

FAC
CR+PR 0,87±0,16

0,75
SD+P 0,84±0,17

Taxotere
CR+PR 1,29±0,22

0,03
SD+P 0,51±0,22

CAX
CR+PR 1,12±0,24

0,04
SD+P 0,85±0,52

CP
CR+PR 0,41±0,18

1,00
SD+P 1,62±1,62

It is important to note that mRNA expression is variable. Thus, to more accurately determine 
the correlation between the expression of the gene being studied and the prognosis by statistical 
analysis, the expression level of BRCA1 was divided into groups.

The association of the postoperative level of expression of BRCA1 with metastasis-free survival 
was revealed when the overexpression group (more than 1) of the investigated gene was isolated 
(Figure 1).
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Figure 1. The parameters of the metastasis-free survival of breast cancer patients, depending on the expression level of 
BRCA1 (log-rank test p <0.05)

There was a statistically significant increase in metastasis-free survival values with a BRCA1 
expression level of less than 0.2 (p=0.05) and 0.2-1 (p=0.01) as compared to a BRCA1 value of 
more than 1.

Thus, the association of BRCA1 gene expression in breast tumor with the prognosis of the 
disease was demonstrated. Based on the data obtained, it can be assumed that the expression of 
BRCA1 may also be a marker of the effectiveness of treatment of breast cancer patients, but this 
requires further study.

The work was carried out within the framework of the competition in 2018-2020 for the 
scholarship of the President of the Russian Federation to young scientists and graduate students 
(Order № 231 of April 3, 2018).

UP-REGULATION OF FLOTILLINS, NEw MARKER 
OF METASTATIC DEVELOPMENT, INDUCES CELL 

INVASION AND METASTATIC DEVELOPMENT

D. Planchon1, E.R. Morris1, M. Genest1, F. Comunale1, S. Vacher2, I. Biche2, 
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Tomsk, Russia5

Tomsk State University, Tomsk, Russia6

Flotillin 1 and 2 are two ubiquitous, highly conserved and related proteins present in many 
cellular membrane compartments. They exist as hetero-tetramers associated with specific caveolin-
independent membrane microdomains rich in cholesterol and glycosphingolipids. Flotillin hetero-
tetramers assemble in large oligomers to form molecular membrane scaffolds known to participate 
in membrane proteins clustering [1]. When overexpressed, as it occurs in many invasive carcinoma 
and sarcoma, they induce the formation of plasma membrane invaginations and of intracellular 
vesicles and modify the trafficking of several cargos; promoting the Upregulated Flotillin-Induced 
Trafficking (UFIT) pathway [2-3].
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Flotillin overexpression is detected in many invasive carcinoma and sarcoma and is a marker 
of poor prognosis associated with a higher metastatic risk [4-8]. How flotillins participate in the 
acquisition of invasive and metastatic properties remains to be determined.

Our study aims at identifying how the UFIT pathway influences the membrane remodeling and 
modifies the trafficking of cargo leading to the acquisition of invasive properties.

We show that flotillins downregulation in invasive cancer cells dramatically inhibit their invasive 
properties as monitored in vitro using a 3D-collagen invasion assay and in vivo using zebrafish 
xenografts. Reciprocally, ectopic up-regulation of flotillins in non-tumoral cells is sufficient to 
induce their invasive behavior in vitro and in vivo. We show that flotillins are critical regulators 
of the trafficking of several cargo amongst them MT1-MMP, a key metalloproteinase responsible 
for the proteolytic activity of invadopodia [9].

Keywords: flotillins, cancer marker, metastasis, cell invasion.

REFERENCES
1. Bodin S., Planchon D., Rios Morris E., Comunale F., Gauthier-Rouviere C. Flotillins in intercellular adhesion - from cellular 

physiology to human diseases. J Cell Sci. 2014 Dec 15; 127(Pt 24): 5139-47. doi: 10.1242/jcs.159764.
2. Frick M., Bright N.A., Riento K., Bray A., Merrified C., Nichols B.J. Coassembly of flotillins induces formation of membrane 

microdomains, membrane curvature, and vesicle budding. Curr Biol 2007, 17:1151–1156. doi: 10.1016/j.cub.2007.05.078.
3. Glebov O.O., Bright N.A., Nichols B.J. Flotillin-1 defines a clathrin-independent endocytic pathway in mammalian cells. Nat 

Cell Biol. 2006; 8: 46–54. doi: 10.1038/ncb1342.
4. Cao S., Cui Y., Xiao H., Mai M., Wang C., Xie S., Yang J., Wu S., Li J., Song L., Guo X., Lin C. Upregulation of flotillin-1 

promotes invasion and metastasis by activating TGF-&beta; signaling in nasopharyngeal carcinoma. Oncotarget. 2016 Jan 26; 7(4): 
4252-64. doi: 10.18632/oncotarget.6483.

5. Koh M., Yong H.Y., Kim E.S., Son H., Jeon Y.R., Hwang J.S., Kim M.O., Cha Y., Choi W.S., Noh D.Y., Lee K.M., Kim K.B., Lee J.S., 
Kim H.J., Kim H., Kim H.H., Kim E.J., Park S.Y., Kim H.S., Moon W.K., Choi Kim H.R., Moon A. A novel role for flotillin-1 in H-Ras-
regulated breast cancer aggressiveness: Flotillin-1 is Important for Breast Cancer Aggressiveness. Int J Cancer. 2016 Mar 1; 138(5): 
1232-45. doi: 10.1002/ijc.29869.

6. Liu Y., Lin L., Huang Z., Ji B., Mei S., Lin Y., Shen Z. High expression of flotillin-2 is associated with poor clinical survival in 
cervical carcinoma. Int J Clin Exp Pathol. 2015; 8: 622–628.

7. Li H., Wang R.-M., Liu S.-G., Zhang J.-P., Luo J.-Y., Zhang B.-J., Zhang X.-G. Abnormal expression of FLOT1 correlates with 
tumor progression and poor survival in patients with non-small cell lung cancer. Tumour Biol. 2014 Apr; 35(4): 3311-5. doi: 10.1007/
s13277-013-1434-3.

8. Wang X., Yang Q., Guo L., Li X.H., Zhao X.H., Song L.B., Lin H.X. Flotillin-2 is associated with breast cancer progression and 
poor survival outcomes. J Transl Med. 2013 Aug 15; 11: 190. doi: 10.1186/1479-5876-11-190.

9. Castro-Castro A., Marchesin V., Monteiro P., Lodillinsky C., Rosse C., Chavrier P. Cellular and Molecular Mechanisms of 
MT1-MMP-Dependent Cancer Cell Invasion. Annu Rev Cell Dev Biol. 2016 Oct 6; 32: 555-576. doi: 10.1146/annurev-cellbio-
111315-125227.

CIRCULATING DNA-MARKERS IN LUNG CANCER: CHANGES 
IN RETROTRASPOSONS METHYLATION STATUS IN RESPONSE 

THERAPY AND DURING THE POST-TREATMENT FOLLOw-UP
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Background
Malignant cell transformation is accompanied by two processes of DNA methylation changes: 

hypermethylation in CpG islands of tumor suppressor genes and global hypomethylation in repeti-
tive DNA sequences (retrotransposons) [1, 2]. The composition of circulating DNA (cirDNA) from 
plasma and cell-surface-bound cirDNA (csb-cirDNA) was shown earlier to be altered in the blood 
of cancer patients due to accumulation of tumor-specific aberrantly methylated DNA fragments, 
which are currently considered valuable cancer markers [3, 4].

Material and Methods
The present study compared LINE-1 retrotransposon methylation patterns in free-cirDNA and 

csb-cirDNA from healthy subjects (n=33) and lung cancer (LC) (n=32) patients, and also from 
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LC patients during the post-treatment follow-up period. Concentrations of methylated LINE-1 
region 1 (LINE-1met) were assayed by real-time methylation-specific PCR. In order to normal-
ize the LINE-1 methylation level, the LINE-1 region 2 concentration was evaluated, which was 
independent of the methylation status (LINE-1Ind).

Results
The LINE-1 methylation level, determinated as the ratio LINE met/LINE Ind, in csb-cirDNA 

from LC patients was significantly lower than in csb-cirDNA from healthy subjects (P=0.005). In 
the total group of LC patients, LINE-1 methylation level was shown to be significantly increased 
during the follow-up after chemotherapy (P<0.05, paired test) and after surgery comparaed to the 
methylation level before treatment (P<0.05, paired t-test). The revealed association between LINE-1 
methylation level and effect of antitumor therapy was more pronounced in squamous cell lung 
cancer compared with adenocarcinoma (P<0.05 and P>0.05, respectively). All relapse-free patients 
within the follow-up period (n=19) were characterized by an increase in LINE-1 methylation level, 
and patients who experienced disease recurrence (n=13) had decreased levels that corresponded 
to those observed before treatment.

Conclusion
Our data demonstrate that LINE-1 methylation level determination represents a valuable tool 

for evaluation of cancer treatment efficiency and post-treatment monitoring.

Keywords: lung cancer, diagnosis, prognosis, oncomarkers, methylation, circulating DNA.
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AUTOMATED IMAGE ANALYSIS IN ASSESSMENT 
OF E-CADHERIN DOwN-REGULATION DURING 

EPITHELIAL-MESENCHYMAL TRANSITION IN PROSTATE 
CANCER

M. Puchinskaya

Minsk City Clinical Oncologic Dispensary, Minsk, Belarus

Experience of using automated image analysis with Aperio software for evaluation of E-cadherin 
expression is presented. Advantages and limitations of the method are described. Automated 
analysis makes it possible to distinguish changes in marker expression that may be difficult to 
assess visually.

Keywords: automated image analysis, Aperio, E-cadherin, epithelial-mesenchymal transition.

Automated image analysis (AIA) is becoming increasingly popular in pathology as it provides 
some opportunities that are difficult or even impossible to realize by visual staining assessment [1-3]. 
It is used for a wide variety of applications, but, anyway, can’t yet substitute classic pathology.

During epithelial-mesenchymal transition (EMT) epithelial cells transiently acquire some 
features of mesenchymal ones, this leads to higher invasion, migration and therapeutic resistance. 
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E-cadherin (E-cad) is an epithelial marker implied in adhesion and signaling pathways (MAPK, 
EGFR, PI3K). Its down-regulation is an important feature of EMT and as so, E-cad expression 
can be used as one of morphological signs of EMT.

The aim of the study is to describe personal experience in assessing E-cad expression in 
prostate cancer (PCa) using AIA.

Material and Methods
Evaluation of E-cad expression in PCa samples was performed in microphotographs (MPG) 

(×200 magnification) by AperioImageScope v.11.0.2.780 software (Leica Biosystems).
Results
E-cad exhibited mostly homogenous membranous staining, strong in non-cancerous glands, but 

weaker to various extent in PCa. Besides, cytoplasmic staining was present in some PCa cells. When 
choosing the best way to quantitatively evaluate E-cad staining for future analysis the following 
methods were taken into consideration.

1. Visual semiquantitative assessment. It is widely used in different works, usually with 3-point 
scale (weak, moderate or strong staining). But this method seems rather subjective, as in borderline 
cases it is difficult to assess the staining correctly. Besides, if different intensities of staining are 
present in one case, there are discrepancies on how to evaluate them. Some authors consider 
the strongest staining, while others prefer to calculate indexes evaluating both intensity and the 
percentage of stained cells. In the latter case the formula vary in different works, and there are no 
definite guidelines on how to choose the best one.

2. As staining was predominantly membranous, an algorithm assessing it, but originally 
developed for another marker, for example, Her2/neu, could be used, but most of them can’t be 
downloaded and used for free.

3. AIA with specialized software. AperioImageScope software was chosen as an easy and 
effective tool. Freely available analysis algorithms were used. Brightness of each pixel is assessed 
as a continuous variable, and after applying certain thresholds, that can be chosen by a user, pixels 
are marked as weak, moderate or strong staining. Default thresholds for diaminobenzidine as a 
chromogen were used. A number of parameters are calculated automatically and can be used for 
further analysis:

a) positivity is used by most authors. It evaluates the number of stained pixels divided by the 
total number of pixels in the analyzed area. Its serious limitation is dependence on the amount of 
stained histologic structures per field, cell density and cell size or the presence of gland lumina, 
necrotic areas and so on. “Negative selection” tool in the program makes it possible to outline areas 
that should be excluded from analysis, but may be difficult to apply in some cases.

b) average intensity of stained pixels (Iavg). It is calculated as a weighed mean of staining 
intensities of all positive pixels assessed in a 3-point scale. Opposite to positivity it doesn’t count 
negative pixels and doesn’t depend on area, occupied by analyzed structures. It may be thought of 
as an automated and more objective counterpart of visual assessment with quantification of mean 
staining index. This method was used for evaluation of E-cad expression.

AIA has the following advantages in evaluation of various markers staining:
1. AIA facilitates the assessment of small differences in staining intensities in different areas of 

the slide or of the same MPG. Using this, it was possible to show statistically significant differences 
in E-cad expression in histological structures, present in PCa (higher in intraductal cancer and 
cribrosis, lower in glomeruloids). The possibility of obtaining such results by visual assessment is 
doubtful, taking into consideration that staining intensity was changing rather gradually.

2. AIA is a good method of staining evaluation in cases where assessment of staining intensity 
(and not the percentage of stained cells) is critical (as in the present case, as even in PCa absence of 
E-cad staining was a rare event) and where staining changes gradually. In such cases semiquantitative 
assessment with 3-point scale can be used, but seems less accurate.

At the same time AIA has a number of limitations, that should be taken into consideration while 
planning a research or interpreting its results.

1. No distinction can be automatically made between staining of different subcellular 
compartments (e.g., membranous, cytoplasmic or nuclear), if it is present in the same slide. It leads 
to some limitations in analysis of markers, that are normally (or as a sign of a disease) expressed in 
different compartments, as well as can’t aid in evaluation of subcellular redistribution of different 
proteins during the disease progression. Automatic assessment of cytoplasmic E-cad was not possible 
in the present work, so both membranous and cytoplasmic staining were evaluated together.

2. If background or false-positive staining is present, it can’t be excluded from analysis. Using 
“negative selection” tool can partially resolve this problem, but if false-positive staining is present 
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within small structures or in structures, adjacent to those that should be evaluated this may be 
technically challenging. This was the case with another EMT marker, N-cadherin, staining. Granular 
cytoplasmic staining from weak to strong was present in most cells of PCa and noncancerous glands, 
it challenged the correct evaluation of percentage of cells with true cytoplasmic staining and prevented 
using AIA for marker evaluation, that’s why N-cadherin expression was assessed visually.

3. If it is necessary to study a marker in a subset of cells present in one MPG, negative selection 
tool should be carefully applied. But if these structures are too close or too small this may be 
challenging. For example, one more EMT marker, vimentin, is normally expressed in stroma, but 
during EMT appears in epithelium; trying to outline the border between these two compartments 
is technically difficult as can exclude parts of cell membranes from analysis.

4. The correct work of the algorithm should be checked. In the present work in many cases 
pixels in the small area in the left upper part of many (but not all) MPGs were considered weak 
positive after analysis, though they were definitely negative on original MPGs. To avoid bias this 
area was excluded from analysis if this artifact was present.

5. As AIA is a sensitive method, and as so careful observation of staining procedures at all stages 
is crucial to avoid variants in staining due to the procedure, that may influence analysis results. 
Fixation should be uniform throughout the sample, areas of artifacts (for example, false-positive 
stronger staining at sample edges) should not be analyzed.

Conclusions
AIA with AperioImageScope software gives quantitative evaluation of E-cad expression in PCa, 

that is suitable for further statistical analysis of the differences in E-cad levels as a sign of EMT, 
as well as its correlations with other tumor parameters. Due to some limitations of the method, 
however, it can’t be uniformly used for evaluation of all studied EMT markers. Awareness of both 
positive sides and limitations of AIA makes it possible to correctly apply the method to obtain 
reliable and significant results.
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THE STUDY OF DELITION POLYMORPHISM OF GSTM1 AND 
GSTT1 GENES IN YAKUT PATIENTS wITH LUNG CANCER
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The results of the study of the polymorphism of the GSTT and GSTM1 genes in 36 patients 
with lung cancer and 65 healthy inhabitants of the Sakha (Yakutia) with Yakut nationality are 
presented. It was first established that the risk of developing lung cancer in the Yakut population 
is associated with the zero genotype of the GSTM1 gene, which may indicate a high risk of cancer 
for carriers of this genotype.

Keywords: glutathione-S-transferase, deletion, oncopathology, xenobiotics, polymorphism.

Polymorphism in the genes GSTM1, GSTT1, which encodes the isoforms μ, t of the glutathione-
S-transferase enzyme characterized by deletion in both alleles leads to complete absence of synthesis 
of the protein product and resulting in a deep suppression of the enzyme function. According to 
the reports, there is conflicting data on the association of deletion-genotype GSTM1 with the risk 
of developing lung cancer [1].
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Subject and methods
Molecular genetic studies were conducted in 36 Yakut lung cancer patients. The control group 

consisted of 65 age-and ethnicity matched people. The main criterion for inclusion into the control 
group was the absence of cancer.

A standard phenolic-chloroform extraction method was used to isolate DNA. The analysis 
of polymorphic variants of specific sections of the genes GSTM1, GSTT1 was carried out using 
polymerase chain reaction methods and while using the primer structure described in the works 
(Gronau et al., 2003).

When comparing genotype frequencies, the standard χ2 criterion was used. The relative risk 
(OR) of the development of the disease with a specific genotype was calculated using the standard 
formula: OR = a / bxd / c, where a, b - the number of patients with and without mutant genotype, 
respectively, and d, c - the number of people in the control group with and without mutant genotype. 
The 95% confidence interval (CI) is used to estimate the precision of the OR.

Results
The frequency of the GSTM1 0/0 genotype in the group of patients was significantly higher 

(66.6%) than in the group of healthy individuals (43.0%) (χ2 = 5.16, p = 0.023, OR = 0.67 
(0.26-1.69).

The analysis of deletion polymorphism of the GSTT1 gene did not reveal any significant dif-
ferences in the frequency distribution of genotypes depending on oncopathology. The frequency of 
deletion polymorphism was 41.7% and 32.3% in the patient group and control group, respectively 
(χ2 = 0.88, p = 0.347, OR = 0.61 (0.26-1.69)).

Obviously, the GST genes, especially GSTM1, are involved in the pathogenesis of various types 
of cancer and act as modifiers and risk factors for a variety of diseases associated with adverse 
environmental factors.

According to published data of other authors, the influence of polymorphism of GST-genes 
is associated with the development of numerous malignant tumors: lung cancer [2], bladder [3], 
rectum [4], stomach [5], esophagus [6], breast [7], ovaries and skin [8]. There are studies showing 
the relationship between the polymorphism of genes encoding the enzymes of the second phase 
of detoxification and chronic and hereditary diseases: chronic bronchitis, bronchial asthma [9]. 
Moreover, it was shown that the deletion of the GSTM1 and GSTT1 genes led to increased sensi-
tivity to xenobiotics (in particular, to thermal decomposition products of tobacco).

Our study showed that the increased risk of developing lung cancer in the Yakut population can 
be related to the GSTM1 null genotype.

Conclusion
The risk of developing lung cancer in the Yakut population was found to be associated with the 

GSTM1 null genotype, thus indicating an increased cancer risk for carriers of this genotype.
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ANALYSIS OF DRAS1 GENE EXPRESSION IN CLOSELY 
RELATED SPECIES OF DROSOPHILA VIRILIS GROUP
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The Dras1 gene is the most well known proto-oncogene. Most studies of carcinogenesis showed 
the participation of Ras family genes in the formation of malignant tumors. The Dras1 gene is an 
orthologist of human genes (N-ras, K-ras and H-ras) and belongs to the highly conservative gene: 
the nucleotide sequence is little variable from yeast to human. These genes were first discovered 
in rat sarcoma cells which led to the name of this group. RAS genes are involved in the regulation 
of cell division, normal and in pathologies. Mutation of these genes is found in nearly 15% of all 
cases of tumors of human tumor formation. Most often in the cells of large tumors point mutations 
activate proto-oncogenes of the RAS family.

Keywords: Differential expression, developmental stages, micro RNA, proto-oncogen Dras1, 
Drosophila melanogaster, Drosophila virilis, transgenic structures.

Introduction
The Dras1gene and the protein produced by it belong to the ras superfamily, which includes 

well-studied orthologists in human HRas, KRas and NRas. Their participation in signal transmission 
from cell receptors to the MAR-kinase cascade is shown. In addition to this function, proteins in 
this family affect the state of the actin cytoskeleton, malignant transformation and other processes. 
However, data on the regulation of the gene’s own transcriptional activity are very little known. 
The involvement of miRNAs in regulating gene expression activity of orthologous ras gene has 
previously been shown to man. This process includes the participation of 17 microRNAs. For 
Drosophila, the influence of miRNAs on the expression of oncogenes previously was not shown. 
For invertebrates, data were obtained only for Caenorhabditis elegans.

Material and Methods
1. Production of transgenic structures bearing the GFP reporter gene under the Heat Shock 

promoter, containing a 3’- untranslated region of the Dras1 gene with the presence / absence of 
the analyzed conservative sequence.

2. Getting transgenic flies.
3. Analysis of the degree of GFP reporter gene expression using a confocal laser microscope.
4. Expression score.
Results
Sites of binding of miRNA (mir-313, mir-92a, mir-312) with the investigated gene Dras1 in 

the region 3`-UTR were found.
Ttransgenic construct containing the GFP gene and the 3’UTR of the Dras1 gene in D. mela-

nogaster with the presence / absence of the analyzed conservative sequence was made.
Transgenic flies were obtained
The degree of gene expression was analyzed.
Conclusion
For the first time, transgenic structures based on The R-element with a reporter gene containing 

and not containing the region of binding of micro RNA were obtained.

This work is supported by RFBR, grant № 16-34-00840
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MONITORING OF EGFR MUTATIONS IN THE PLASMA DNA 
OF PATIENTS wITH NON-SMALL CELL LUNG CANCER
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Several EGFR mutations were monitored in circulating free plasma DNA of 14 non-small cell 
lung cancer patients being under Tyrosine kinase inhibitors treatment. Allele-specific PCR (AS-
PCR) and deep sequencing on IonTorrent platform were used for the analysis. AS-PCR and NGS 
analysis were in agreement if plasma DNA contained at least 5% of DNA with mutation. However, 
some discrepancies between two techniques were observed in samples with low content of DNA 
with mutation. Increase of DNA with T790M mutation in plasma was demonstrated for several 
patients before the signs of clinical progression. Monitoring of NSCLC patients can be used for the 
adjustment of the therapy on the basis of T790M mutation appearance in plasma DNA. Advantages 
and disadvantages of AS-PCR and NGS for plasma DNA mutations analysis are discussed.

Keywords: Lung cancer, EGFR gene, mutations, monitoring.

Introduction
Mutation analysis in non-small cell lung cancer (NSCLC) tumors has already become a routine 

clinical practice. There are several somatic mutations in EGFR gene which are strongly connected 
with the response of the tumor to tyrosine kinase inhibitor (TKI) - based treatment [1]. EGFR 
mutations in tumor cells can be analyzed with the use of formalin-fixed paraffin embedded tumor 
samples or with the use of plasma circulating free DNA (cfDNA). An obvious advantage of cfDNA 
analysis is the possibility to monitor the appearance of mutations connected with tumor resistance 
to TKI in disease progression. T790M mutation is associated with the resistance to Gefitinib/
Erlotinib at least in 50% of cases [2]. New tyrosine kinase inhibitor Osimertinib can overcome 
T790M-connected resistance of tumor [3], so monitoring of early appearance of T790M mutation 
in lung cancer patients has definite practical interest.

There are three main approaches to analyze mutations in cfDNA: AS-PCR, ddPCR and Deep 
sequencing [4]. In this study we compared suitability of deep sequencing on IonTorrent platform 
and AS-PCR analysis of cfDNA for the monitoring of T790M mutation in NSCLC patients being 
under treatment by Iressa.

Material and Methods
Patients
The study enrolled 14 NSCLC patients with confirmed EGFR mutations in FFPE samples. 

Besides, this study included 12 healthy control individuals who donated blood for cfDNA 
analysis.

Plasma collection and cfDNA isolation
Whole blood was collected in EDTA–containing tubes and centrifuged at 2000g for 10 minutes 

at 4 °C. Plasma samples were aliquoted to 1,5 ml tubes and stored at -70 °C until use. Isolation 
of cfDNAfrom 3-5 ml of plasma was performed by PME free-circulating DNA Extraction Kit 
(Analytik Jena, Germany).

AS-PCR, Library Preparation and NGS
Four exons (exons 18-21) of the EGFR gene with predominant amounts of known mutations 

were analyzed by AS-PCR and by targeted sequencing. Each exon was covered by a single amplicon 
(122–169 bp). One multiplex PCR reactions was used to amplify the 4 selected amplicons. The 
resulting amplicons were analyzed by AS-PCR and by NGS. AS-PCR analysis was optimized for 
each mutation; NGS with the coverage not less than 5.000 reads was performed on PGM IonTorrent 
machine according to the manufacturer’s instructions. Reads were mapped to the human genome 
reference GRCh37/hg19 using BWA-MEM [5] version 0.7.5.
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Results
Sensitivity of the assay in NGS and AS-PCR
Mutant allele frequencies (MAF) were analyzed by NGS in wild-type DNA and in cfDNA of 

12 healthy individuals. The median MAF varied from 0 to 0.77% in wild type DNA and from 0 to 
0.44% in healthy individuals as calculated on the basis of reads amounts. There were no statistically 
significant differences between the baseline MAF in wild type genome DNA and cfDNA from 
healthy individuals. According to this data the sensitivity of the assay was 0.77%. AS-PCR data 
were validated with the control DNA and in the majority of cases the provided sensitivity of the 
assay was in range of 1%.

Testing of clinical samples of plasma cfDNA
87 plasma samples from 14 patients with NSCLC were analyzed. Four patients had mutation 

EGFR T790M associated with resistance to TKI before the start of the therapy. Monitoring of 
cfDNA in plasma of 14 patients with NSCLC revealed various dynamic profiles of EGFR mutations 
associated with sensitivity and resistance to TKI. We analyzed the period of 18 months for the 
majority of patients with a 2-month interval. At least 5 patients were found where NGS and AS-
PCR data were in agreement. In all those cases the dynamics of mutations were different. However, 
at least in two cases an obvious increase of DNA fragments with T790M mutation was observed 
well before clinical symptoms appearance.

Conclusion
This study highlights the utility of cfDNA for analysis EGFR mutations in blood of NSCLC 

patients being treated by TKI. The level of sensitivity appeared to be comparable between NGS 
and AS-PCR.

This study was supported by Russian Science Foundation grant № 15-14-10004.
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EFFECT OF BIODEGRADABLE SCAFFOLDS FOR TARGETED 
IMMUNOTHERAPY ON DIFFERENTIATION OF MACROPHAGES
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The influence of polycaprolactone’s scaffolds on the mechanisms of differentiation of primary monocytic 
human macrophages in vitro was studied.

Keywords: polycaprolactone, bone implants, bioresorbable scaffold.

Relevance
Traditional methods of treatment of malignant tumors include surgery, radiation and 

chemotherapy, which have reached the limit of their technical perfection to-date, and their further 
development will not lead to a significant improvement in the situation. The most actual of alternative 
therapies is personalized targeted immunotherapy, the realization of which requires targeted drug 
delivery. Polymeric delivery systems allow transporting drugs during the optimal period of time to a 
local site of an organ or tissue. The biodegradable polycaprolactone is used in medicine as a suture 
material and as a thermal bioresorbable implant depot (filler), so it can be used as capsule shells 
and for drugs. However, polymers have such a disadvantage as hydrophobicity, which prevents 
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adhesion of cells and their directional migration. Thus, a modification of the surface properties of 
polycaprolactone is necessary.

The aim of the study is to evaluate the influence of scaffolds based on polycaprolactone with a 
surface modified by plasma on the differentiation’s mechanisms of primary monocyte macrophages 
in vitro [1]. Depending on the surface treatment time (0, 30, 60, 120, 240 seconds), the samples 
designated as № 1, 2, 3, 4, 5.

The studies were performed on human monocytes isolated from the buffy coat of a healthy 
human donor. The cells were isolated by magnetic separation on a double ficoll gradient of 
different densities using magnetic assays conjugated to antibodies to the CD14+ [2].The samples 
were placed on the bottom of a 24-well plate, isolated monocytes were added at a concentration 
of 1 × 106 in 1 ml. For each coating 3 experimental groups were formed: control (non-stimulated), 
with the addition of IFNγ (M1 activation) and with IL-4 (M2 activation). To assess the functional 
phenotype and the direction of differentiation of macrophages after 6 days of incubation, the cells 
were stained. In study antibodies: CD68 (mouse monoclonal), Stabilin-1 (RS1, rabbit polyclonal), 
CD206 (rabbit polyclonal) were used. As secondary antibodies Alexa488-conjugated anti-mouse 
and Cy3-conjugated anti-rabbit antibodies were used. The combinations of antibodies were verified: 
CD68/RS1 and CD68/CD206. The analysis of double positive cells was performed using a Carl 
Zeiss laser scanning microscope at a 100-fold magnification.

Figure 1. Analysis of CD68/CD206 phenotype macrophage on the sample surface: a – 1, b – 2, c – 3, d – 4, e – 5.

The analysis showed that in all groups after 6 days of cultivation all cells were M2 macrophages 
phenotype: CD68+/stabilin-1+ excluding group with sample 2. In this case, non stimulated cells 
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(M0 macrophages) and with the addition of IFNγ (M1 macrophages) had the phenotype CD68+/
stabilin-1. Study of CD206-positive cells showed that after the 6 days of incubation all cells in 
groups had a double positive color of CD68 +/CD206+ – subpopulation of M2 macrophages. Thus, 
macrophages cultured on scaffolds express on their surface scavenger receptors with the function 
of regulation of the intensity of the immune response and acquire a functional phenotype of anti-
inflammatory macrophages M2 with immunosuppressive properties. This allows us to conclude that 
scaffolds have tolerogenic and anti-inflammatory properties. Samples 4 and 5 have the strongest 
stimulating effect on the expression of stabilin-1 in all three subpopulations of macrophages.

Figure 2. Analysis of CD68/RS1 phenotype macrophage on the sample surface: a – 1, b – 2, c – 3, d – 4, e – 5.
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ASSOCIATION OF PROTEASOMAL AND CALPAIN ACTIVITIES 
AND CONTENTS OF LOCOMOTOR PROTEINS wITH 
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The aim of the work was to study the association of contents of actin binding proteins (cofilin, 
gelsolin, Ser45 β-catenin), chymotrypsin-like (ChTL) and caspase-like (CL) activities of protea-
somes and calpain activity (CA) in tissues of primary tumors with lymphogenous metastasis of 
breast cancer. ChTL, CL activity of proteasomes and CA were increased in luminal and TNC breast 
cancer and lymphogenous metastases tissue compared to adjacent tissues. The thymosin-4-β level 
was significantly higher in luminal A and TNC metastases compared to the primary BC tissue. 
The cofilin level was significantly higher in metastases of luminal A and B molecular subtypes 
compared to the primary BC tissue. There were shown the associations of the content of actin 
binding proteins (cofilin, gelsolin) and Ser45-β-catenin) and intracellular proteases in primary 
tumors and lymphogenous metastases, which were the same for different molecular subtypes of 
BC. Probably, the actin binding proteins, proteasomes and calpains play an important role in tumor 
dissemination of breast cancers.

Introduction
Breast cancer represents a highly heterogeneous disease comprised by several subtypes with 

distinct histological features, underlying molecular etiology and clinical behaviors. Various mo-
lecular subtypes of breast cancer differ in pathogenesis, in response to chemotherapy, in pathways 
of metastatic spread [1, 2]. These processes depend on the adequate functioning of protein multi-
plicity in the cell, which is regulated by proteases, e.g. proteasomes and calpains. We have previ-
ously demonstrated increased activity of proteasomes in malignant tumors, in particular, in breast 
cancer (BC) [3, 4]. However, this study did not take into account the molecular subtype of breast 
cancer. Proteasomes can cleave cytosceletal proteins, actin-binding proteins and transcriptional 
factors, which regulate cell locomotion and thus participate in the metastasis [5-7]. Some proteins 
involved in cell locomotion also serve as substrates for calpains [8, 9]. In this context, analysis of 
the relationship between activities of proteasome, calpains and locomotor proteins in tumor and 
metastases is of specific interest. The aim of the study was to investigate the association of actin 
binding proteins (cofilin, gelsolin, arp-3, thymosin-4-β, Ser45 β-catenin), proteasomes and calpains 
activities in tissues of primary tumors and lymphogenous metastases of BC.

Experimental
We conducted a prospective analysis of 40 patients with histologically confirmed primary breast 

cancer in stage Т1-3N1-2M0 who had not received neoadjuvant treatment. Fifteen patients (37.5 %) 
had luminal A breast cancer, 15 patients (37.5 %) had luminal B breast cancer, and 10 patients 
(25 %) had triple- negative breast cancer.

Samples of tumors, adjacent tissues and lymphogenous metastases were the material for the 
study. Proteasome chimotrypsin-like (ChTL) and caspase-like (CL) activities, calpain activity (CA) 
were determined by hydrolysis of fluorogenic oligopeptides Suc-LLVY-AMC and Z-LLGlu-AMC, 
Suc-LLVY-AMC respectively. The levels of p45 Serβ-catenin, Arp3 protein, and gelsolin in cy-
tokeratin 18 positive cells were studied by flow cytometry. The levels of cofilin and thymosin-4-β 
were determined by Western blotting.

Statistical treatment of the results was performed using the Statistica 7.0 software package.
Results
ChTL, CL activity of proteasomes and CA were increased in samples of luminal and TNC breast 

cancers and in lymphogenous metastases compared to adjacent tissues. The thymosin-4-β level was 
significantly higher in luminal A and TNC metastases compared to the primary BC tissues. The cofilin 
level was significantly higher in metastases of luminal A and B molecular subtypes compared to the 
primary BC tissues. There were shown the associations of actin binding proteins (cofilin, gelsolin, 
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Ser45 β-catenin) and intracellular systems of proteolysis in primary tumors and lymphogenous 
metastases, which were the same for different molecular subtypes of BC (Figure 1).

Figure 1. Correlation between actin binding proteins and intracellular systems of proteolysis in primary tumors and 
lymphogenous metastases

The level of p45-Ser-β-catenin correlated with increased ChTL activity of proteasomes in 
primary tumors. The levels of p45-Ser-β-catenin and gelsolin in lymphogenous metastases cor-
related with increased ChTL and CL proteasomal activities in primary tumors. The cofilin level 
in lymphogenous metastases correlated with CA of cancer tissue (Figure 1). These associations 
can be associated with destruction of adhesion intercellular contacts and promote the exit of cells 
into regional lymph nodes.

Conclusion
Probably, the actin binding proteins proteasomes and calpains play an important role in tumor 

dissemination of breast cancers.

Keywords: proteosome, calpain, metastasis, breast cancer.
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ANALYSIS OF SPFH PROTEINS IN EXOSOMES PRODUCED 
BY NON-SMALL CELL LUNG CANCER CELLS

G.O. Skryabin, A.V. Komelkov, S.A. Galetsky, M.E. Akselrod, E.M. Tchevkina

N.N. Blokhin National Medical Research Center of Oncology, Moscow, Russia

Stomatin, flotillin-1 and flotillin-2 belong to the SPFH family of membrane lipid raft proteins, 
and their members are supposedly involved in the biogenesis of exosomes as well as in the sorting of 
their protein cargo. In this study we showed for the first time the presence of Stomatin in exosomes, 
produced by cultured non-small cell lung cancer (NSCLC) cells as well as in exosomes from blood 
plasma of NSCLC patients. We also revealed the correlation between the levels of flotillin-1 and 
flotillin-2 in studied exosomes samples.



100 http://tnimc.ru/upload/publications/proceedings/2018_22_symposium.pdf

22ND INTERNATIONAL CHARLES HEIDELBERGER SYMPOSIUM ON CANCER RESEARCH
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Background
The growing pool of data points to the significance of raft-forming proteins in biogenesis and 

secretion of exosomes [1-4], although not all of them has been enough studied. Production of 
exosomal Flotillin-1 has been repeatedly shown for tumor cells of various origins [5, 6]. In a number 
of cases this protein along with tetraspanins CD9, CD63 and CD81 was used as an exosome marker 
[7]. Unlike flotillin-1, little is known about the participation of flotillin-2 in biogenesis and secretion 
of exosomes. Notably, the suppression of one of the homologues (flotillin-1 or -2) in PC3 prostate 
cancer cells led to the decrease in the level of the other homolog and to the change in the protein 
composition of exosomes, which indicates the presence of mutual regulation of flotillins and points 
on their involvement in the Cargo sorting [8]. It is also known that the Flotillin-1 and Flotillin-2 often 
form oligomers, and these dimers, apparently, can determine the functional activity of Flotillins on 
plasma membrane [9]. Stomatin is a major protein of the erythrocyte membrane. Despite the similarity 
with other lipid raft proteins, the presence of the Stomatin and stomatin-like proteins in exosomes 
has not been studied to date, except for a few studies of exosomes secreted by red blood cells [10,11], 
K562 cells (erythroleukemia), Daudi cells (B-cell lymphoma), and by reticulocytes from patients’ 
blood. The authors suggest that these proteins within the lipid rafts participate in the sorting of other 
proteins secreted by exosomes [12].

Material and Methods
Exosomes from conditioned media of NSCLC cells were isolated using differential 

ultracentrifugation method. Briefly, cells were grown to subconfluent state in DMEM media 
supplemented with 10% exosome-depleted FBS. Culture media was removed few times to collect 
in sum 300 ml of conditioned media for each cell line. Media was centrifugated 10 min. at 300xg 
to remove cells, then centrifugated at 2000xg 10 min.to remove debris, after which supernatant was 
centrifugated at 10 000xg (30 min) and 20 000xg (30min) to remove large vesicles. Supernatant 
was used for isolation of exosomes. After ultracentrifugation (110 000xg 90 min) pellet was washed 
with PBS and second round of ultracentrifugation (110 000xg 90 min) was performed. The pellet 
was diluted in 100mkl of PBS and transferred to low binding Eppendorf tubes (DNA LoBind Tube 
0.5mL). Protein concentration was measured using Breddferd assay. Equal amount (10 mkg) of 
exosomal proteins was loaded to the SDS-PAAG followed by immunoblotting using antibodies: 
anti Flot-1 (BD 610821), anti-Flot-2 (BD 610384) anti-Stom (Santa Cruz Biotechnology sc-134554) 
and anti-CD9 (Cell Signaling 13174S). Corresponding cells were lysed and cellular proteins were 
analyzed in the same way and used as controls. Samples of peripheral blood from 15 patients 
with a verified diagnosis NSCLC were collected before the treatment. For isolation of vesicles 15 
ml of purified plasma was diluted 1:3 with PBS, exosomes were isolated similarly excepting the 
time of first ultracentrifugation which was 3 hours. Exosomes were validated by TEM and NTA 
(Nanoparticle Tracking Analysis) and by the presence of CD9 exosomes protein marker.

Results
The analysis of Flotillins showed that the levels of Flotillin-1 and Flotillin-2 correlate with 

each other both in cellular exosomes and in exosomes from blood plasma. Thus, according to the 
densitometric analysis, the distribution of the of Flotillin-1 levels between the samples corresponds to 
the distribution of Flotillin-2 levels in the same samples. The results obtained here are in agreement 
with the literature data, according to which Flotillins-1 and -2 are presented in a ratio of 1: 1 on 
cellular membranes. The maximum level of both Flotillins was detected in H1299 cell line, which 
is derived from lung carcinoma metastasis and is characterized by the most aggressive phenotype. 
Stomatin was detected in exosomes from all NSCLC cells studied. In A549 line Stomatin was 
detected at a very low level (both in exosomes and in cells), while H1299 line was characterized 
by the maximum level of Stomatin. Notably, exosomes from H1299 are characterized by a much 
higher content of Stomatin than the parental cells. A high level of Stomatin was detected in exosomes 
of blood plasma of patients. Interestingly, the level of Stomatin did not correlate with the level of 
the Flotillins in the same samples.

Conclusion
The obtained data for the first time testifies the presence of Stomatin in exosomes produced by 

NSCLC cells, as well as in the exosomal fraction of NSCLC patients’ blood plasma. A correlation 
was found between the levels of exosomal flotillin-1 and -2 proteins. It could be suggested that 
both Flotillins equally contribute to the formation of ILV (intraluminal vesicles, intracellular 
precursors of exosomes) on the membrane of late endosomes by forming oligomers in the sites of 
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future exosome formation. In this case, the found correlation between these proteins in exosomes 
testifies to the lipid raft-dependent formation of exosomes.
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EPSTEIN-BARR VIRUS BIOMARKERS FOR 
NASOPHARYNGEAL CARCINOMA IN RUSSIA

K.V. Smirnova, N.B. Senuyta, V.N. Kondratova, V.A. Lichtenstein, 
V.E. Gurtsevitch

FSBI «N.N.Blokhin National Medical Research Center of Oncology» of the Ministry of Health of the 
Russian Federation, Moscow, Russia

The Epstein–Barr virus (EBV) plays a key role in the development of undifferentiated 
nasopharyngeal carcinoma (uNPC). The aim of this study was to compare the clinical significance 
of EBV serological markers and plasma EBV DNA levels for uNPC patients in a non-endemic 
region, Russia. The results obtained indicate that both viral capsid antigen/immunoglobulin A 
(VCA/IgA) antibodies and plasma EBV DNA copies can effectively be used for nasopharyngeal 
carcinoma (NPC) diagnosis. Besides, plasma EBV DNA load was found to be a more sensitive 
marker of uNPC than VCA/IgA antibody titres, as it reflected the effect of the therapy in stages of 
remission and relapse of the disease more precisely. Our study, for the first time, demonstrates that 
the simultaneous use of plasma EBV DNA loads and VCA/IgA antibody levels are indispensable 
markers for uNPC in non-endemic regions: a serological marker can be more effectively used for 
NPC screening, but EBV DNA copies are better for monitoring the disease.

Keywords: Epstein–Barr virus, undifferentiated nasopharyngeal carcinoma; 
plasma DNA EBV; EBV serology.

Introduction
Epstein-Barr virus (EBV), a member of the human herpesviruses family, has unique biologi-

cal properties. Over 90% of the world’s population is infected with EBV, usually without clinical 
manifestations in carriers of the virus. Furthermore, the virus is recognized as an etiologic agent 
for a number of benign and malignant diseases [1], one of which is nasopharyngeal carcinoma 
(NPC). NPC is a malignant tumour, and EBV has been found to play a key role in its development. 
In the nasopharynx, the virus stimulates the pathological process in which pre-cancerous lesions 
progress to the development of cancer [2].

The global incidence of NPC is characterized by geographic and ethnic variability [3]. Its 
prevalence is highest in the southern provinces of China and South-East Asia (25–30 cases per 100 
000 people per year), and is less prevalent in the North African Arabs and the indigenous people 
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of Greenland and Alaska [4]. In the territory of the former Soviet Union, including Russia, where 
in 2013 the prevalence of NPC was recorded to affect 0.14% of men and 0.06% of women [5].

Unfortunately until present time we haven’t specific virus markers in NPC patients from non-
endemic regions. Based on the foregoing, the aim of this study was to perform a comparative as-
sessment of the clinical value of two EBV serological markers, the level of VCA/IgG and VCA/IgA 
antibody titres and plasma EBV DNA load, in NPC patients in Russia, a non-endemic region.

Material and Methods
A total of 45 patients with diagnosis of undifferentiated nasopharyngeal carcinoma (uNPC) 

proven on the WHO criteria [6], and 52 patients with other tumours of the oral cavity (OTOC), in 
which EBV has not been shown to play a role in pathogenesis, and 19 blood donors (BDs) were 
included in this study. The OTOC were represented by cancers of the mucous membrane of the 
tongue, floor of the mouth, cheek, retro molar area, lower jaw and palate.

The indirect immunofluorescence staining was performed as previously described [7, 8]. An-
tibody titres are expressed as their geometric mean value. The amount of viral DNA copies in 1 
ml of plasma was determined by real-time PCR with specific primers for the 76 bp fragment in 
the BamHIW region of viral DNA [9]. Statistical significance of the distribution differences of 
various measurements was evaluated with the Kruskal–Wallis test. The obtained P-values were 
considered significant at P<0.05.

Results
Serological responses to EBV in uNPC patients and patients without EBV associated with other 

tumours of the oral cavity (OTOC) and blood donors (BDs) showed that antibodies to VCA/IgG 
were present in 100% of uNPC patients and BDs. In uNPC patients, the percentage of VCA/IgA 
antibodies was also high, and was observed in 93.8% (30/32) of uNPC patients before treatment, 
in 96.8% (30/31) of patients following treatment who were in remission and in 100% (9/9) of pa-
tients following treatment who had relapsed; however, the presence of VCA/IgA antibodies was 
negative in BDs. Within the 57 OTOC patients, the percentage of seropositive samples was rather 
lower. Thus both types of EBV-specific antibodies follow the same pattern of clinical character-
istics of uNPC patients, and VCA/IgA and VCA/IgG antibodies revealed nearly the same level of 
sensitivity. The antibody response to EBV in OTOC patients also differed between the pre- and 
post-treatment samples.

Furtheremore, we observed a high concentration of viral DNA in the plasma samples of uNPC 
patients prior to treatment (median 5594 copies ml-1, IQR –559–32 740 copies ml-1), which dropped 
to background levels in plasma samples of patients in remission (median 11 copies ml-1, IQR–0
–448.0 copies ml-1) and increased sharply in plasma samples of patients with tumour recurrence or 
distant metastasis (median 332 177 copies ml-1, IQR–79 492–2 209 558 copies ml-1). The plasma 
EBV DNA concentration in OTOC patients prior to and following treatment did not exceed the 
background values (median 22 copies ml-1, IQR–0–83 vs median 0 copies ml-1, IQR–0–133, 
respectively).

Importantly, both types of EBV-specific antibody levels (VCA/IgG and VCA/IgA) followed the 
varying concentrations of EBV DNA in the plasma of uNPC patients. The reduction of plasma EBV 
DNA load in patients in remission, and its increase in patients who had relapsed, was accompanied, 
respectively, by the weakening and strengthening of the anti-EBV serological response.

Conclusions
Thus, our study carried out in a non-endemic region  of Russia clearly demonstrated that plasma 

EBV DNA load and IgA antibody levels are indispensable uNPC markers, combination of which 
can be effectively used in this region not only for the diagnosis of uNPC, but also to evaluate the 
effect of therapy and prognosis of the disease. However, an IgA/VCA marker does not, and the 
plasma EBV DNA load has limited use for assessing a patient’s clinical status.

The reported study was funded by RFBR according to the research project № 18-015-00505.
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GERMLINE BRCA1 AND BRCA2 MUTATIONS IN 
CASTRATION-RESISTANT PROSTATE CANCER, ASSOCIATION 
wITH EXPRESSION OF AKT/M-TOR SIGNALING COMPONENTS

L.V. Spirina1,2, I.V. Kondakova1, A.K. Gorbunov1, Е.А. Usynin1, Е.М. Slonimskaya1,2

Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences, 
Tomsk, Russia1

Siberian State Medical University, Tomsk, Russia2

The association of BRCA mutations with activation of AKT/m-TOR signaling pathway is not 
fully understood. The purpose was to study the AKT/m-TOR pathway component expression in 
patients with castration-resistant prostate cancer (CRPC) according to the presence of BRCA1/2 
mutations. Forty patients with prostate cancer, 15 patients with castration-resistant prostate cancer 
and 20 patients with benign hyperplasia were enrolled in the study. The expression of AKT, c-Raf, 
GSK-3, PDK1, and m-TOR, 70-S64, E-BP1 was determined by real-time PCR. The BRCA1/2 
mutation was determined in allele-specific PCR in real time. Activation of AKT/m-TOR signaling 
pathway was found in prostate cancers. The activity of this pathway was decreased in CRPCa 
tissues. Germline BRCA mutations in CRPCa were revealed in up to 33% of patients. BRCA1/2 
carriers had an increased duration of ADT high level of PSA and elevated level of AKT expression 
compared to non-carriers.

Keywords: BRCA mutations; prostate cancer; AKT/m-TOR signaling pathway.

Introduction
Despite the development of novel effective therapeutic strategies, prostate cancer remains a lethal 

disease with a high biological and molecular heterogeneity. Germline DNA damage repair gene 
mutation is found in >10% of metastatic or advanced prostate cancer [1, 2]. To date, germline 
mutations in the BRCA gene represent one of the main risk factors for developing prostate cancer 
[3]. Cells deficient in functional BRCA1/2 become unable to repair DSBs, resulting in chromosomal 
instability, cell cycle arrest and apoptosis, underlining the increased cancer-susceptibility in BRCA 
mutation carriers.

Metastatic castration-resistant prostate cancer (CRPCa) is the lethal form of the disease. Targeted 
sequencing can identify clinically informative molecular abnormalities in CRPC, which can be 
found in 25-30% of CRPCa [4].

It is found the high prevalence of activating AKT/m-TOR pathway alterations in prostate cancer 
[5]. The association of BRCA mutations with activation of AKT/m-TOR signaling pathway is not 
fully understood. The purpose was to study the AKT/m-TOR pathway component expression in 
CRPCa patients according to the presence of BRCA1/2 mutations.

Material and Methods
40 patients with advanced prostate cancers, 15 patients with castration resistant prostate cancers 

and 20 patients with benign hyperplasia were enrolled in the investigation. The expression of 
AKT, c-Raf, GSK-3, PDK1, and m-TOR, 70-S64, E-BP1 was determined by real-time PCR. The 
BRCA1/2 mutation was determined in allele-specific PCR in real time.

Results
We demonstrated that activation of the AKT/m-TOR signaling cascade was detected in prostate 

cancers. The high levels of AKT and m-TOR expression were revealed. On the contrary, the 4E-
BP1 expression was decreased in castration-resistant prostate cancer patients.

The BRCA1-5382insC mutation was detected in 3 patients (20%), BRCA1-4153delA – in 5 
patients (33%), BRCA1-185delAG – in 2 patients (13%), BRCA1-T300G – in 2 patients (13%) 
and BRCA2-6174del – in 4 patients (27%). Giving the paucity of BRCA1/2 mutation incidence in 
patients with CRPCa, we combined all positive for BRCA1/2 mutation patients in one group.
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It is important to be aware that BRCA1/2 carriers with CRPCa had a higher PSA level and ADT 
duration compared to non carriers. No differences were seen between carriers and non carriers in 
a Gleason score. Castro et al. reported that patients with prostate cancer who were positive for a 
BRCA1/2 mutation had higher Gleason scores (≥ 8) and PSA level [6]. Our results also raise the 
question of whether adjuvant treatments may be beneficial for BRCA carriers. Because androgen 
receptor–maintained activity has been shown to increase chromosomal instability [7], an increased 
duration of ADT may possibly benefit patients with DNA repair defects.

The high prevalence of activating AKT/mTOR pathway alterations was found in prostate cancer 
[5, 8]. AKT was also involved in BRCA1-deficiency mediated tumorigenesis [9] and this fact was 
also confirmed in the study. AKT expression in prostate cancers was higher in BRCA1/2 mutation 
carriers compared to non carriers.

Conclusion
Activation of AKT/m-TOR signaling pathway was found in prostate cancers. The activity of 

this pathway was decreased in CRPCa tissues. Germline BRCA mutations in CRPCa were revealed 
in up to 33% of patients. BRCA1/2 carriers had an increased duration of ADT, a high level of PSA 
and elevated level of AKT expression compared to non-carriers.
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THE SIGNIFICANCE OF THE IMMUNE SYSTEM 
FOR THE EFFICIENT CANCER THERAPY

M.N. Stakheyeva1,2, D.V. Eidenzon3, M.R. Patysheva1, N.V. Cherdyntseva1,2

Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences, 
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During the last decade it was shown that immune effectors contribute to efficiency of cancer 
therapy. As a result, the functional state of the host immune system has been considered to have a 
major prognostic and predictive impact on an efficiency of cancer therapy. The aim of this study 
was to find out whether the united state of the immune system is associated with the efficiency 
of the neoadjuvant chemotherapy in breast cancer patients. One hundred six patients diagnosed 
with primary local breast cancer (I-III stages) were enrolled in the investigation. The cancer treat-
ment obligatory included the appropriate courses of neoadjuvant chemotherapy. The response to 
neoadjuvant chemotherapy was used as criterion of the efficiency of the cytostatic therapy. The 
immune system state as an integral unit was estimated by NovoSpark Visualization approach. 
The favorable immune system states in BC patients were associated with effective NAC: 68 % 
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of patients from this group responded to cytostatic treatment in comparison with 45 % in women 
with unfavorable immune system states (χ2=3,67, p=0,05). Thus, the efficiency of the cytostatic 
therapy is associated with the immune system state in BC patients.

Keywords: breast cancer, chemotherapy efficiency, cytostatic therapy, immune system.

For a long time, anticancer therapies were believed to work either by killing cancer cells or by 
inducing a permanent arrest in their cell cycle [1]. But during the last decade, it is becoming clear 
that many of the available anticancer drugs mediate therapeutic effects by eliciting de novo or 
reactivating pre-existing tumor-specific immune responses suppressed by an established malignant 
tumor [2].

In clinical and experimental studies it was shown that immune effectors contribute to efficiency 
of cancer therapeutics [1, 2, 3]. As a result, the functional state of the host immune system has been 
considered to have a major prognostic and predictive impact on the fate of cancer patients treated 
with conventional or targeted chemotherapies [2, 3].

In general, cancer therapy efficiency was associated with functioning of cytotoxic mechanisms of 
immune system, such as activity of cytotoxic T-cells, NK and antibodies as mediators of antibody-
dependent cell cytotoxicity [3]. But the outcome of chemotherapy can be influenced by the host 
immune system at multiple levels. This fact supports the idea that immune works in a coordinated 
fashion against numerous threats from the external or internal environment. Moreover, in our previ-
ous studies, we demonstrated that immune response to tumor can be presented as united strategy 
[4]. We have found that the immune system state can be split on at least two different ones. One 
state, which we called as favorable, was observed in BC patients without recurrence, and another 
state – unfavorable - was associated with relapses in BC patients within 3 year follow-up [4]. The 
aim of this study was to find out whether the united state of the immune system is associated with 
the efficiency of the neoadjuvant chemotherapy in breast cancer patients.

Material and Methods
One hundred six patients diagnosed with primary local breast cancer were enrolled in the inves-

tigation. The patient pathological stages ranged from I to III. Patients with diagnosed metastatic 
breast cancer (i.e. IV stage) were not enrolled. The cancer treatment obligatory included the ap-
propriate courses of neoadjuvant chemotherapy, adjuvant chemo-, radio- and hormonal therapies 
according to the pathological stages and routine predictive criteria. The standard chemotherapies 
regimens predominantly used in the study are FAC, CAF. The response to neoadjuvant chemo-
therapy according to the WHO was used as criterion of the efficiency of the cytostatic therapy. 
The therapy was considered effective, when complete or partial responses were achieved in BC 
patients, and it was ineffective, when stable or progressive disease were observed after 2 cycles 
of the neoadjuvant treatment.

In order to test the immune system state, venous blood was obtained from the patients before 
cancer treatment. To characterize the immune system state as an integral unit, we estimated sepa-
rate parameters of the innate and adaptive arms of immune system in the BC patients and then 
we integrated the obtained values into a single characteristic as a visual image using NovoSpark 
Visualization approach [4]. Presenting an immune system state in an integral visual image of 
NovoSpark Visualizer software for all 106 BC patients, we identified two groups of patients: with 
favorable (associated with disease-free survival) or unfavorable (associated with recurrences) of 
immune system state.

All the patients gave written informed consent to participate in this investigation. The study 
was approved by Ethics Committee of Tomsk Cancer Research Institute and performed according 
to the guidelines of Declaration of Helsinki.

Statistical analysis was performed using Statistica version 6.1 (StatSoft Inc). Differences be-
tween groups were evaluated using the χ2 test.

Results
In the group, including all BC patients, the half of them (53 women of 106) responded to NAC, 

but other half did not. The complete and particular responses were observed in four patients and 
forty nine patients, respectively. Forty two cases of stable diseases and eleven cases of progressive 
diseases consisted of the group of BC patients without therapeutic response.

Then we classified all BC patients depending on their immune system states with using our 
original approach. Only twenty two BC patients (21 %) had favorable immune system states prior 
cancer, but eighty four women (79 %) were characterized as having unfavorable immune system 
states. The favorable immune system states in BC patients were associated with effective NAC: 
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68 % of patients from this group responded to cytostatic treatment in comparison with 45 % in 
women with unfavorable immune system states (Table, χ2=3,67, p=0,05).

Conclusion
The efficiency of the cytostatic therapy is associated with the immune system state in BC pa-

tients. Responses to NAC were observed in 68% in patients with favorable immune system states 
in comparison with 45 % in women with unfavorable ones. Assessment of the immune system 
status is necessary to select an appropriate cytostatic therapy.

This study was supported by the Russian Foundation for Basic Research (№ 17-29-06037).
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OPTIMIZATION OF DENDRITIC CELL MATURATION 
PROTOCOL TO ASSESS THE SPECIFIC ACTIVITY 

OF ANTICANCER DNA-VACCINES IN EX VIVO SYSTEM

E.V. Starostina, E.A. Borobova, L.I. Karpenko

State Research Center of Virology and Biotechnology «Vector», Koltsovo, Novosibirsk, Russia

Treatment of advanced stages of cancer using surgery, chemotherapy, radiation therapy or 
hormone therapy remains challenging and may not be effective, so it is important to design and 
improve new treatment methods. One of the promising methods is immune therapy, in particular, 
the development of anti-cancer vaccines, including genetically engineered DNA-vaccines that 
induce specific T-cell immune response against the tumor [1]. Lately, to estimate the immune 
response induced by T-cell vaccine, researchers use the method based on the ability of a vaccine 
to cause formation of effector T-cells in ex vivo system [2]. Generation of mature dendritic cells 
is a crucial step of that method. The goal of this study is improving the protocol of generation of 
mature dendritic cells (DC) to study immunogenicity of DNA-vaccines against oncological dis-
eases ex vivo using PBMC from healthy donors [3]. There are various ways of generating mature 
dendritic cells, differing in the reagents used [4]. Unlike mature DC, immature DC are capable of 
endocytosis, therefore they can process and present antigen on their surface. So, immature DCs are 
used for antigen uptake. After loading with antigen, DCs are cultivated with maturing factors [1]. 
During the maturation, immature DC lose specific markers such as CD11c, CD83 and costimulatory 
signals CD86 and CD80 as well as start producing cytokines [5,6]. To obtain mature DC we tried 
several protocols. First, we obtained mononuclear cells that adhere to cultural plastic from human 
peripheral blood, then cultivated it with GM-CSF (50 ng/ml) and IL-4 (100 ng/ml) for two days [7]. 
After the cultivation immature DC were magnetically transfected with DNA-vaccines; maturation 
factors were added and cells were cultivated for two more days. We used three different maturation 
cytokine cocktails: 1) only TNFα (25 ng/ml) [6]; 2) TNFα (25 ng/ml), IFN-γ (3000 units/ml) and 
polyI:C (25 μg/ml); 3) TNFα (50 ng/ml), IFN-γ (3000 units/ml), polyI:C (25 μg/ml) and IL-1b 
(25 ng/ml) [8,9]. Using each cocktail, we obtained mature DC expressing costimulatory signals 
CD86, CD80, and markers CD11c and CD83. However, we obtained DC with more number of 
maturation markers when third maturation cocktail was used. The system ex vivo was approved for 
evaluation of the efficacy of DNA vaccines against melanoma pMEL-TCI-A0201 and pMEL-TCI 
in our laboratory [3]. DC obtained using the third cocktail, transfected with pMEL-TCI-A0201 and 
pMEL-TCI, provided more effective activation of specific cytotoxic T-lymphocytes.

Keywords: DNA-vaccine, dendritic cells, oncological diseases, cytokine cocktail.
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HEPARAN SULFATE AS POTENTIAL MICROENVIRONMENT 
BIOMARKERS FOR GLIOBLASTOMA
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Introduction
Protein molecules are used as molecular markers for diagnostics and prognosis of oncological 

diseases, while the value of glycosylated markers remains underestimated. Glycosylated molecules 
are important participants of malignant transformation and contribute to creation preferable 
microenvironment for tumour cells. One of the main protein-carbohydrate components of tumour 
microenvironment are heparansulfate proteoglycans (HSPGs), which are involved in maintaining 
of the extracellular matrix structure and cell-cell interactions. HSPG core proteins have been 
proposed as diagnostic and prognostic markers of malignant tumours. However, the carbohydrate 
chains of these complex molecules called heparan sulfate (HS) also contribute significantly to the 
functional activity of PG molecule. During malignant transformation, composition and structure 
of HS in different cancers are changed but the functional meanings of the changes remain unclear. 
The purpose of this study was to investigate whether heparan sulfate chains of HSPGs have a 
clinical significance for diagnosis and prognosis of human brain tumours.

Material and Methods
The expression and distribution of carbohydrate chains of heparan sulfate in glioblastomas was 

studied by immunohistochemical analysis using specific antibodies to carbohydrate HS epitopes. 
The expression of HSPG core proteins was studied using real-time RT-PCR. The overall and relapse-
free survivals of glioblastoma patients were determined by the Kaplan-Meier survival analysis.

Results
The HS expression was detected in 50-55% of glioblastoma tumours, while almost no HS content 

was detected in paratumourous brain tissues. It was shown that high heparan sulfate content correlated 
with low relapse-free survival of patients with glioblastoma according Kaplan-Meier curves. The 
increase in HS content in glioblastoma tissues did not result in the activation of HS biosynthesis but 
was associated with up-regulation of expression of HSPGs core proteins (syndecan-1, glypican-1 
and perlecan/HSPG2). The expression of perlecan/HSPG2 (but not syndecan-1 or glypican-1) core 
protein was also associated with low-survival rates of glioblastoma patients according Kaplan-
Meier curves. Additionally, heparanase (an enzyme that degradates carbohydrate chain of heparan 
sulfate) seems to contribute to the increased HS content in poor-prognosis gliobastoma tumours. 
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Thus, perlecan/HSPG2 core protein as well as heparan sulfate polysaccharide chains are associated 
with relapse-free survival of the patients with glioblastoma.

Conclusion
The heparan sulfate accumulation and up-regulation of perlecan/HSPG2 expression in 

glioblastoma tissues were revealed for the first time as prognostic factors for glioblastoma 
progression and might be used as additional targets for anti-glioblastoma therapy.

Keywords: proteoglycan, heparan sulfate, perlecan/HSPG2, glioblastoma, biomarker.
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DISRUPTION OF BRAIN EXTRACELLULAR MATRIX 
BY ANTI-GLIOMA CHEMOTHERAPEUTIC DRUGS PROMOTES 

INVASION OF GLIOBLASTOMA CELLS IN EX VIVO MODEL

A.Y. Tsidulko1, T.M. Pankova1, E.V. Grigorieva1,2
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Introduction
Glioblastoma (GBM) is the most aggressive malignant brain tumor. Despite numerous studies 

and new treatment approaches, progress in this field remains insufficient. One of the most dangerous 
glioblastoma features is its’ active invasion into the surrounding normal brain tissue. Survival 
and invasion of the tumor cells seem to depend not only on their characteristics but also on the 
extracellular matrix (ECM) of surrounding tissue. During anti-glioma treatment, temozolomide 
(TMZ) is used as the first-line adjuvant chemotherapy, and dexamethasone (DXM) is often 
administered as an anti-edema drug. Both the glioblastoma cells and the surrounding normal brain 
are exposed to the drugs, and effects of the drugs on the normal brain tissue are poorly studied. 
We hypothesized that the disruption of normal brain ECM by TMZ and/or DXM may lead to 
formation of the favorable microenvironment for tumor cell proliferation, thus promoting tumor 
relapse. The purpose of the study was to investigate the effects of the TMZ and DXM on normal 
brain tissue ECM and its ability to affect glioblastoma cell invasion and proliferation in ex vivo 
organotypic model.

Methods
The ex vivo organotypic hippocampus culture (OHC) model was used as it represents the 

real 3D structure of brain tissue and thus can be used to study ECM. As brain ECM is mainly 
consists of proteoglycans (PGs), we analysed the expression of a wide panel of PGs (syndecan-1, 
glypican-1, perlecan, versican, brevican, NG2, decorin, biglican and lumican) in OHCs before 
and after treatment with DXM and TMZ using RT-PCR. U87 glioblastoma cells were co-cultured 
with treated and non-treated OHCs, the tumor cells proliferation and invasion were assessed using 
confocal microscopy.

Results
Treatment of OHCs with DXM led to significant changes in PGs expression. Interestingly, 

low and high concentrations of DXM resulted in different changes in the expression of individual 
proteoglycans compared with the control organotypic culture - low concentrations (0.01-0.5µM) 
increased expression levels of glypican-1 and versican core proteins (2-3-fold and 6-10-fold, 
respectively), whereas high concentrations (50-200 µM) suppressed syndecan-1 and biglycan 
expression (2-3-fold each). The results demonstrate complex attenuation of PGs expression 
in normal rat brain by different DXM concentrations. To investigate the ability of treated and 
non-treated OHCs to affect proliferation and invasion of U87 glioblastoma cells, the cells were 
co-cultured with OHCs. U87 cells did not demonstrate any significant invasion into control non-
treated OHC. Moreover, cell clones were not abundant and were bounded by OHCs cells. U87 
cells co-cultured with DXM-treated OHCs were widely disseminated on the OHCs surface but 
still did not show significant invasion. Co-culture of U87 cells with OHCs treated with TMZ alone 
or in combination with DXM led to increased proliferation of U87 cells and their deep invasion 
into the OHCs.
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Conclusions
The data obtained showed that exposure of normal brain tissue to temozolomide and dexamethasone 

significantly affected the normal brain ECM, creating the appropriate microenvironment for tumor 
cells proliferation and invasion, thereby promoting tumor relapses.

Keywords: glioblastoma, chemotherapy, extracellular matrix, invasion, proteoglycan.
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CNA LANDSCAPE OF BREAST TUMOR, CONNECTION wITH 
THE EFFICIENCY OF NEOADJUVANT CHEMOTHERAPY
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The research involved 80 patients diagnosed with breast cancer (BC). Biopsy samples were 
collected before treatment. We studied the tumor tissue using the CytoScan HD Array (Affyme-
trix, USA) microarray to evaluate the CNA landscape. We studied the frequency of segmental and 
numerical CNA occurrence and their association with the efficiency of neoadjuvant chemotherapy 
(NAC).

Introduction
Deletions and amplifications of chromosome regions and individual chromosomes are called 

Copy Number Aberrations (CNA). These types of cytogenetic disorders may affect the expression 
of genes; generally, in cases of deletions, the expression of genes located in the deleted regions is 
decreased, and it is increased in the cases of amplifications [1, 2]. CNA are especially widespread 
in solid tumors of various localizations, namely in breast tumors[3]. CNA is most frequently ob-
served in the 1q, 8q, and 16q regions of a breast tumor.

Only a few studies have reported an association between CNA and NAC in BC. Thus, the study 
of the CNA landscape of breast tumor before treatment and evaluation of the association between 
CAN and NAC response is of great importance.

Material and Methods
We examined 80 patients with histologically verified breast cancer (BC) in IIA – IIIВ (T1-3-

N0-3M0) stages. The patients were in the age range of 28–68 years (median age: 48.2±2.4). The 
patients received 2-4 courses of chemotherapy according to the FAC, CAX regimens or taxotere 
monotherapy in the neoadjuvant mode. The efficiency of preoperative chemotherapy was evaluated 
according to the WHO [3] criteria using findinga of ultrasound imaging and/or mammography. 
According to the international recommendations, we formed the groups of the patients whose 
tumors stabilized or progressed after the preoperative chemotherapy (NAC no-response group), 
and the patients with partial regression (positive response group) [4]. Biopsy samples taken before 
treatment were used as the material for the study. We extracted DNA from breast tumor tissues 
using QIAamp DNA mini Kit (Qiagen, Germany). Microarray analysis was carried out  using the 
CytoScanTM HD Array high-density microchips manufactured by Affymetrix (USA).

Results
At the first stage, we analyzed the frequency of segmental chromosome anomalies for each 

chromosome in each patient. The study showed that the highest frequency of the amplifications 
(more than 60.0% of the patients) was detected on the long arm of the 1 chromosome in the fol-
lowing locuses: 1q32.1, 1q32.2, 1q32.3, 1q42.13, 1q42.2, 1q43. The biggest frequency of dele-
tions (more than in 58.0% of the patients) was found in these locuses: 16q21, 16q23.2, 16q23.3, 
17p13.1, 17p12. We also found the locuses with the complete absence of segmental chromosome 
anomalies – the absence of the amplifications is the case for the 4p13, 13p13-13p11.1, 14p13-11.1, 
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14q11.1, 15p13-11.1, 15q11.1, 21p13-11.1, 21q11.1, 22p13-11.1 locuses; the deletions are absent 
in the 1q23.2, 1q25.3, 8q23.2, 8q23.3, 8q24.11, 13p13, 13p12, 13p11.2, 13p11.1, 14p13, 14p12, 
14p11.2, 14p11.1, 14q11.1, 15p13, 15p12, 15p11.2, 15p11.1, 15q11.1, 21p13, 21p12, 21p11.2, 
21p11.1, 21q11.1, 22p13, 22p12, 22p11.2, 22p11.1 locuses. We also found the regions with neither 
deletions nor amplifications: 13p13-13p11.1, 14p13-11.1, 14q11.1, 15p13-11.1, 15q11.1, 21p13-11.1, 
21q11.1, 22p13-11.1. Then all patients were divided into two groups depending on their response 
to NAC: group 1 – patients with no response to NAC, group 2 - patients with objective response to 
NAC (partial or complete regression of tumor after treatment). The frequency of CNA occurrence 
in patients with stable disease or cancer progression is shown in Figure 1.

Figure 1. CNA occurrence frequency in the patients with stabilizing or progressing. Note: the horizontal axis – the 
cytobands and chromosomes from 1 to X; the vertical axis – the frequencies of deletions (below the X‑axis) and amplifications 
(above the X-axis) for each cytoband

The locuses with simultaneous absence of CNA are: 13p13-11.1, 14p13-11.1, 14q11.1, 15p13-
11.1, 15q11.1, 21p13, 21p12, 21p11.2, 21p11.1, 21q11.1, 22p13-11.1. The maximum frequency 
of amplification occurrence (48.3% or more) was detected in the 8q22.3, 8q23.2, 8q23.3, 8q24.13 
regions. It should be noted that the highlighted locuses with high frequency of amplifications 
occurrence showed the absence of deleted regions. The biggest amount of deletions (44.8-48.3% 
and more) in this group was detected in the 8p23.3, 8p21.3, 8p21.2, 16q21, 17p13.1, 17p12, 17p11.2 
cytobands. The frequency of CNA occurrence in patients with partial or complete regression of 
tumor is shown in Figure 2.

Figure 2. The frequency of CNA occurrence in patients with partial or complete regression of tumor. Note: the horizontal 
axis – the cytobands and chromosomes from 1 to X; the vertical axis – the frequencies of deletions (below the X-axis) and 
the amplifications (above the X‑axis) for each cytoband

The maximum frequency of amplification occurrence (60.0% and more) was detected in the 
long arm of the 1 chromosome 1q21.3-44 and in the cytobands. The maximum number of deletions 
(60.0% and more) in this group was detected in the 11q22.3-23.3, 16q12.2, 16q21-24.2, 17p13.3-
11.2 locuses.

The analysis found the cytobands, in which the difference in frequencies of chromosome anomaly 
occurrence between the groups with or without objective response to NAC reached a maximum 
value of 35% and more. The biggest difference in the frequency of amplification occurrence between 
the groups was shown on the long arm of the 1 chromosome 1q23.1-44, and the biggest difference 
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in the frequency of deletion occurrence between the groups was in the 11q22.1-23.2, 16q22.2, 
16q22.3, 16q23.1, 18p11.21 regions. We also calculated the numerical chromosome anomalies.

Conclusions
The data obtained may be used to predict the efficiency of NAC. The patients with amplifications 

on the long arm of the 1 chromosome and/or deletions in certain cytobands of the 11, 16, 18 
chromosomes are more likely to respond to NAC.

The study is funded by the Russian Science Foundation № 17-15-01203 «Metastatic breast 
tumor clones»
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THE EFFECT OF ALKYLOXYBENZENES ON THE THERMAL 
DENATURATION OF PROTEINS OF THE COLON CARCINOMA 

CELL LINE HT-29

E.V. Tsypandina, E.K. Rumyantsev, V.M. Nikolaev, S.D. Efremova, 
F.V. Vinokurova, S.I. Sofronova

Yakutian Scientific Center of Complex Medical Problems, Yakutsk, Russia

Using a cellular thermal shift assay (CESTA), we showed that alkyloxybenzenes (AOB) have 
intracellular target proteins in mammalian cells with which they can be bound to. Data were 
obtained on the change in the properties of proteins under the influence of AOB in physiological 
concentrations.

Keywords: alkyloxybenzenes, 4-hexylresorcinol, 5-heptylresorcinol, cells of the colon carcinoma 
cell line large HT-29, the cellular thermal shift assay.

Alkyloxybenzenes (AOB) are mainly synthesized by microorganisms [1], so their concentration 
increases with infectious diseases in the blood, as well as in intestinal contents in dysbacteriosis. 
Microorganisms increase the synthesis of AOB under stress, which increases the resistance of 
these cells. A number of researchers believe that the mechanism of protection of microorganisms 
AOB is their ability to change the native functions of enzymes [3]. Cells of the colon cancer 
show resistance to stress, probably as a result of contact with AOB, which are synthesized by the 
microflora of the colon.

Material and Methods
The material for study was the HT-29 cell lines (colon carcioma). In the work we used the 

techniques: CESTA [2], polyacrilamide gel electrophoresis (PAGE), staining with silver nitrate. 
Chemically synthesized AOBs were used: 4-hexylresorcinol, 5-heptylresorcinol.

Results
Figure 1 shows that at a temperature ranging from 55 oC to 65°C, the number of proteins 

unrelated to the ligand (lanes under number 1) is slightly more (a protein with a molecular mass 
in the range of 50 and 37 kDa) compared to that after AOB treatment. It should be noted that after 
heating until 75 °C, this effect is not detected, while proteins treated with AOB are seen. It can 
also be noted that proteins incubated with 0.2 μM 5-heptylresorcinol compete in the intensity of 
the bands with a control at a temperature ranging from 55 to 65°C, and an increase in the intensity 
of staining is observed with increasing temperature.
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Figure 1. CESTA cells of the HT-29 cell line treated with alkyloxybenzenes

Note. Method of processing: 1 - without processing AOB; 2 - 0.2 μM treatment with 
4-hexylresorcinol; 3 - treatment with 2 μM 4-hexylresorcinol; 4 - treatment with 0.2 μM 
5-heptylresorcinol; 5 - treatment with 2 μM 5-heptylresorcinol.

Thus, it was found that at physiological concentrations of 0.2 μM and 2 μM, 4-hexylresorcinol 
approximately stabilized the cellular proteins of colon carcinoma with a molecular weight above 
15 kDa, while, for a protein with a molecular weight from 10 kDa to 15 kDa treated with 2 μM 
4-hexylresorcinol, greater stabilization was observed compared to proteins stabilized with 0.2 μM 
4-hexylresorcinol.

Conclusion
Using thermal denaturation (CESTA) for colon carcinoma cell lines HT-29, it was shown that 

alkyloxybenzenes have intracellular targets in mammalian cells with which they can be bound 
to.

4-hexylresorcinol and 5-heptylresorcinol in physiological concentrations are ligands of 
membrane and / or intracellular proteins of HT-29 cells - human colon carcinoma.
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PROTEASES IN EXOSOMES IN COLORECTAL CANCER

E.A. Tugutova1, N.V. Yunusova1,2, M.R. Patysheva1, S.G. Afanasiev1, 
A.A. Tsydenova1, I.V. Kondakova1

Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences, 
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In this work we studied the tetraspanin-associated and tetraspanin-non-associated proteases 
of blood plasma exosomes. Exosomes were isolated from colorectal cancer and control patients. 
Differences in the level of proteases, depending on the stage of the disease and on the presence 
of a metabolic syndrome, were revealed. Further researches are needed to study the role of these 
proteases in the development and progression of cancer.

Keywords: exosomes, ADAM10, ADAM17, 20S proteasomes, colorectal cancer.

Colorectal cancer (CRC) is the third most common malignancy in most countries of the world. 
At present, extracellular vesicles, including exosomes (30-100 nm) are of great importance in 
the processes of tumor invasion and metastasis. Enzymes constitute up to 32% of the protein 
composition by exosomes. Proteases, enzymes of the hydrolase class play an essential role in 
the functional activity of extracellular vesicles [1]. Exosomal proteases play an important role in 
regulation of signaling from growth factor and adhesion receptors as well as in regulation of cell 
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motility and protein folding. The aim of the study was to evaluate the level of ADAM 10, ADAM17 
and 20S proteasomes in exosomes in colorectal cancer patients in association with clinical and 
histopathological parameters.

Blood samples from control patients (CPs) (n=10, 44.3±3.1 years) and colorectal cancer patients 
(CRCPs) with stage T2-4N0-2M0-1 (n=60, 58.6±1.6 years) were obtained from the Cancer Research 
Institute of Tomsk National Research Medical Center. The control group included 10 patients 
who underwent videocolonoscopy. No colorectal cancer as well as other malignant neoplasms 
was detected in these patients. Blood plasma exosomes were isolated using ultrafiltration with 
ultracentrifugation [2, 3]. The obtained exosomes were characterized using transmission electron 
microscopy and flow cytometry for the content of the most common exosomal membrane proteins 
[4]. The level of tetraspanin-associated (ADAM10 and ADAM17) and tetraspanin-non-associated 
(20S proteasome) was evaluated by flow cytometry and western blot analysis. Clinical and 
histopathological parameters of patients are presented in the Table 1. The study was approved by 
the Local Ethics Committee of the Cancer Research Institute of Tomsk National Research Medical 
Center. All patients were fully informed of the purpose and nature of the treatment and provided 
an informed written consent.

Table 1

Clinical and histopathological parameters of colorectal patients

Parameters N (%)

Sex:
Male

Female
29 (48.3)
31 (51.7)

Age
≤59
>59

18 (30)
42 (70)

Stage
Nonmetastatic
Stage II
Stage III
Metastatic

27 (45)
25 (41.6)
8 (13.4)

Tumor grade
G1-G2
G3

53 (88.3)
7 (11.7)

Presence of metabolic  
syndrome
Yes
No

33 (55)
27 (45)

The ADAM10-/ADAM17- population predominated in plasma exosomes of CRCPs, and the 
level of ADAM10-positive exosomes was significantly higher in exosomes of CPs compared to 
that of CRCPs. No differences in the level of exosomal 20S proteasomes between subpopulations 
of ADAM10/ADAM17 exosomes were found. Simultaneous decrease in ADAM10+/ADAM17-
subpopulation of exosomes and exosomal 20S proteasomes was observed in patients with meta-
static CRC compared with patients with non-metastatic CRC. Colorectal cancer is associated 
with metabolic syndrome [5]. The level of ADAM17-positive exosomes was significantly lower 
in exosomes of CRCPs with metabolic syndrome than in exosomes of CRCPs without metabolic 
syndrome (3.97±0.71 (%) versus 13.04±1.34 (%), respectively (p<0.05). The 20S proteasome 
level in plasma exosomes was lower in CRCPs with metabolic syndrome than in CRCPs without 
metabolic disorders (1.98±0.25 (r.u.) and 2.92±0.42 (r.u.), respectively, (p<0.05).

Further studies of subpopulation composition of exosomes CRCPs are need for elucidating 
the role of tetraspanin-associated and tetraspanine-non-associated exosomal proteases in cancer 
development and progression.

The reported research was funded by Russian Foundation for Basic Research and the govern-
ment of the Tomsk region of the Russian Federation, grant № 18-415-703006.
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STUDY OF EXTRACELLULAR DNA IN BLOOD AND ASCITES 
OF RATS wITH TRANSPLANTED OVARIAN CANCER

I.N. Vasilyeva1, A.L. Semenov1, G.V. Tochilnikov1, V.G. Bespalov1,2

N.N. Petrov National Medical Research Center of Oncology, St.-Petersburg, Russia1

ITMO University, St.-Petersburg, Russia2

The first results of the study of extracellular DNA in blood plasma of female rats with transplanted 
ovarian cancer indicate the possibility of its using for the diagnosis of the pathological process, 
monitoring and evaluation of the effectiveness of treatment. The developed model is planned to 
be used to study the antitumor activity of new drugs.

Keywords: extracellular DNA, blood plasma, transplanted ovarian cancer.

Currently, active research of extracellular DNA (exDNA) is being conducted for the development 
of minimally invasive methods of diagnosis as a replacement or supplement of tissue biopsy. It 
is believed that DNA is circulated in the body mainly into the composition of apoptotic bodies, 
and apoptosis is a major mechanism for DNA releasing in circulation [1]. Tissue diagnostics is 
a snapshot of the molecular status of a tumor at any time point. The study of DNA circulating in 
biological fluids allows overcoming the limitations associated with the heterogeneity and plasticity 
of a tumor and reflects the dynamics of individual tumor biology [2].

The aim of the work is to evaluate the dynamics of changes in the content of extracellular 
DNA in plasma and ascites during the development of tumor in the model of transplanted ascitic 
ovarian cancer in female rats.

Material and Methods
The study was conducted on 12 week Wistar female rats (n = 53) weighing 210 ± 35 g purchased 

from the animal breeding farm Rappolovo (Leningrad region). The rats were kept in standard 
vivarium conditions in accordance with the national standard of the Russian Federation GOST 
R 53434-2009 “Principles of Good Laboratory Practice”. The work was approved by the local 
ethics committee of the N.N. Petrov National Medical Research Center of Oncology. The strain 
of ovarian cancer (OC) was obtained from N.N. Blokhin National Medical Research Center of 
Oncology. Ovarian cancer was pre-transplanted intraperitoneally to 4 rats, ascites was taken on 
the 7th day from one rat and 42 rats were inoculated with 0.5 ml of ascitic fluid diluted with saline 
and containing 1×107 cells. Day of transplantation was taken as the 0th. Rats were randomized 
to 7 groups, 6 rats per group: intact control; 1 day (24 hours), 2 days (48 hours), 3 days, 4 days, 
7 days, and 9 days after OC transplantation. Under ether anesthesia blood and ascites fluid were 
taken correspondingly from heart and abdomen the rats into tubes containing EDTA. The plasma 
was separated by centrifugation for 10 min, 810 g and 4 °C in the bucket rotor, and centrifuged 
twice at 2200 g for complete removal of the cell debris. The exDNA in the blood plasma and ascites 
was determined by Cell Death Detection ELISA PLUS (Roche) [3]. The experimental results were 
statistically processed in the program GraphPad Prism 6 using Student’s t test for unrelated samples. 
The arithmetic mean and standard error (M ± m) were calculated with the calculation of p.

Results
It was used strain of OC generated by inoculation OC from rat subjected to transplacental 

exposure of a carcinogen. The initial histological type of the tumor is metastatic papillary 
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adenocarcinoma, at present it is an ascites tumor [4]. We used an adequate model of transplantable 
OC that was developed in the abdomen as well as ovarian cancer at later stages in humans. With 
the development of transplantable ascitic OC in rats, it was found that the level of exDNA in blood 
plasma did not change significantly during 9 days after its transplantation, but it showed a tendency 
to decrease by 3-7 days after transplantation, followed by a tendency to increase by the 9th day 
(Table 1). At the 7-9th days after OC transplantation ascites was developed in the peritoneal cavity 
of rats. The level of exDNA in ascites was significantly higher than in the blood plasma of both 
control rats (0th day) and rats with OC from 1 to 9 days after transplantation.

Table 1

Content of extracellular DNA of blood plasma and ascite of female wistar rats with inoculated 
ovary tumor

Samples Day after transplantation ExDNA, ng/µL

Blood plasma 0 39.53±13.71
1 34.57±14.04
2 33.32±11.44
3 18.87±4.02
4 35.08±3.11
7 12.78±3.52
9 44.8±15.02

Ascites 9 204.26±31.61*
* - Significant differences compared with the 0th day (р=0.0007) and with the 9th day (р=0.0021).

Conclusion
The determination of the exDNA in the model of transplanted OC in female rats appears to be a 

promising method that requires further investigation. The developed model is supposed to be used 
for evaluation of effect of cytotoxic drugs. The received data generally confirm the assumption of 
decreasing level of exDNA during carcinogenesis which in this case occurs in the development 
of the transplanted tumor.
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INFLUENCE OF NATURAL DNA-BINDING COMPOUNDS 
wITH CANCER PREVENTIVE ACTIVITY ON CHROMATIN 

STRUCTURE AND INTERFERON SIGNALING

O.A. Vlasova1, V.P. Maksimova1, T.I. Fetisov1, A. Safina2, E.A. Lesovaya1,3, 
G.A. Belitsky1, K. Gurova2, K.I. Kirsanov1,4, M.G. Yakubovskaya1

Blokhin NMRCO, Department of Chemical Carcinogenesis, Moscow, Russia1

Roswell Park Cancer Institute, Department of Cell Stress Biology, Buffalo, USA2
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RUDN University, Moscow, Russia4

Chromatin-destabilizing effects of the natural DNA-binding small molecules Curcumin, 
Quercetin, Resveratrol, Genistein, Fisetin, Coumarin, Apigenin, EGCG, Thymoquinon and 
Naringenin on chromatin structure were analyzed by histone H1 and chaperone of histone SSRP 
translocation in cell nuclear. Using live cell fluorescent imaging we demonstrated that all the natural 
DNA-binding compounds studied were able to cause the appearance of cell fractions with high 
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histone H1 amount localized in nucleolus. Visible changes in location of SSRP in cells treated 
with all the phytonutrients was also observed by live cell fluorescent imaging and for the number 
of compounds its translocation from nucleoles was confirmed by Western Blotting. It should be 
noted that dynamics of the phytonutrients influence on H1 and SSRP translocation varied greatly. 
We revealed activation of INF signaling by Genistein, Curcumin, Kaempferol, Sanguinarin, 
Naringenin, Resveratrol, Fisetin and Quercetin using flow cytometry of the HeLa-TI cells with 
ISRE-mCherry reporter. 

Keywords: Histone H1, SSRP, Chromatin structure, Interferon signaling, phytonutrients.

Introduction
Recently, the whole number of natural anticancer compounds has been selected using different 

animal models of chemical carcinogenesis [1]. Many of these compounds are DNA-binding agents. 
Cancer preventive effects of the phytonutrients Curcumin, Quercetin, Resveratrol, Genistein, Fisetin, 
Coumarin, Apigenin, EGCG, Thymoquinon and Naringenin are considered to involve activation of 
p53-mediated apoptosis and inhibition of NF-kappaB, PI3K, Wnt signaling pathways. However, 
molecular mechanism of this influence is not understood. We propose that their effects include 
interference with the normal modes of DNA packaging process via influence on linker histone 
H1 association with chromatin and c-trapping of FACT (facilitating chromatin transcription) - a 
heterodimeric protein complex. Previously we described this mechanism for a new promising 
anticancer drug Curaxin CBL0137, which simultaneously interfere with several signal transduction 
pathways. CBL0137 binds DNA through intercalation of carbazole moiety between base pairs and 
symmetrical side chains of the molecule protrude into the major groove of DNA, while carbazole 
N-side chain fills minor groove. It was confirmed by CD using a cholesteric liquid-crystalline 
dispersion (CLD) of DNA-ligand complexes. We have shown that the interaction of CBL0137 
with DNA duplex leads to disruption of nucleosomes followed by negative DNA supercoiling, 
stabilization of alternative DNA structures and disorders in the function of topoisomerase I and II, 
H1, H2B, PARP and FACT [2]. Using methodological approaches developed in the course of our 
CBL0137 research, we have performed a comparative analysis of the molecular effects of several 
non-mutagenic DNA-binding phytonutrients with confirmed anticancer activity. Moreover, in our 
previous studies we demonstrated that minor groove binding ligands prevent PARP1 interaction 
with DNA and by this way activate retrotransposon expression [3, 4]. Taking into consideration that 
many natural DNA-binding compounds could interact with DNA helix minor groove, we propose 
that this mechanism may be also realized by these compounds. As interferon (INF) signaling is 
induced by retrotransposon expression, its enhancement may be observed in cells treated with 
natural DNA-binding compounds.

Material and Methods
Live cell fluorescent imaging: two cell lines expressing mCherry-tagged histone H1 (or H2B) 

were treated with non-toxic dose of the compounds. Estimation of the effect by live cell fluorescent 
imaging of the cells were both before and after the treatment with different doses of phytonutrients 
to analyze dose-dependence.

To study the effects of DNA-binding natural ligands on localization of the histone chaperone 
FACT subunits two different tests were applied. The method of live cell imaging by fluorescent 
microscopy visualize translocations of GFP tagged FACT subunits in cell lines: (1) HeLa SSRP1-
GFP H2B-mCherry, (2) HT1080 SPT16-GFP H2B-mCherry. By means of Western Blotting, we 
analyzed the redistribution of these protein subunits between the pellet (chromatin binding fraction) 
and soluble fraction of nucleoplasm.

To analyze influence of natural DNA-binding compounds on INF-signaling, we employed a 
reporter assay that detected an IFN response through the activation of a consensus IFN-sensitive 
response element (ISRE), which drove the expression of mCherry. We performed flow cytometry 
using cell line HeLa-TI with ISRE-mCherry reporter after the cell treatment with non-toxic dose of 
the compounds. Obtained data were analyzed by WinList 3D program. Curaxin, a new prospective 
drug with anticancer and tumor preventive activity, was used as a positive control, as previously 
its effect on the INF-signaling was demonstrated.

Results
Using live cell imaging by fluorescent microscopy, we revealed a significant difference in histone 

H1 localization among cell population treated with all the phytonutrients and the control group. In 
particular, there was an increase in the proportion of cells, in which histone H1 was translocated 
to nucleoli. Effects of Genistein, Resveratrol, Curcumin, Fisetin increased during 24 hours, and 
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Quercetin, Coumarin, EGCG, Thymoquinon and Naringenin influenced on histone H1 localization 
faster with maximum effects observed during 6 hour treatment.

Several compounds (Resveratrol, Thymoquinon, Curcumin, Sanguinarine, EGCG and Fisetin) 
caused a lower change of the SSRP1 localization, when cells were treated with the maximum non-
toxic doses during 24 hours (Figure 1, A). The redistribution of FACT subunits in time-dependent 
manner was demonstrated by Western Blotting for Sanguinarine, EGCG and Thymoquinon (Figure 
1, B; Figure 2).

Recently it has been shown that DNA depletion of 2-nd and 4-th isoforms of histone H1 is 
followed by retrotransposons expression and activation of INF-signaling. We revealed activation 
of INF signaling after 48-hour cell treatment with the maximum non-toxic dose of Genistein, 
Curcumin, Kaempferol, Sanguinarin, Naringenin, Resveratrol, Fisetin and Quercetin HeLa-TI 
with ISRE-mCherry reporter. The level of INF-signaling activity increased up to 20-, 17-, 6-, 13-, 
14-, 22-, 27- and 14-folds, correspondingly.

Conclusion
Thus, weak chromatin-destabilizing effects were shown for a number of natural DNA-binding 

compounds, although dynamics of their influence may vary. We also demonstrated that a number 
of compounds may induce Interferon signaling.

This work was supported by Russian Scientific Foundation (№ 17-15-01526).
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IMMUNO-ONCOLOGY – A PARADIGM SHIFT 
IN ANTI-CANCER RESEARCH

E. Vorontsova

Thermo Fisher Scientific, Life Science Solutions, Novosibirsk, Russia

Immuno-oncology is a research approach which harnesses the body’s own immune system to 
fight cancer. Rather than targeting the cancer cell directly, immuno-oncology - also known as cancer 
immunotherapy - studies ways to turn the host’s body against it. It’s also important to make the 
distinction that immunotherapy can be used to treat multiple diseases that stimulate the immune 
response, which not only includes cancer but cardiovascular, infectious and neurodegenerative 
diseases as well.

Cancers originate within the bodies of their victims. But contrary to popular misconception, this 
does not render a cancer invisible to its host’s immune system. In fact, many precancerous events 
do get destroyed by the immune system early on. The ones that last long enough to become cancers 
do so because they evade and manipulate the host’s tissues for long enough to establish themselves. 
By studying the immune response to cancer, researchers are discovering new therapeutic targets 
like immune checkpoint inhibitors targeting PD-L1 and CTLA-4 [1], Chimeric antigen receptor 
(CAR) [2,3].

Older cancer treatments, such as radiation, drugs that target blood vessel growth, and 
chemotherapy, attack the processes that cancers use to sustain themselves. Unfortunately, these 
processes are also used by healthy bodies for regular functions, so cancer treatment is difficult 
to endure. Immuno-oncology research represents a potentially massive step forward for future 
treatments that are more targeted: the ability to induce an immune response specific to a patient 
host’s own cancer, with the same swift efficacy and comparative safety that a body can bring to 
bear against harmful invaders.

The next generation of targets in immuno-oncology will need to measure and integrate the 
complexity of host, tumor, and environment interaction. The measurement of DNA, RNA, and 
proteins simultaneously with the same sample to obtain a more complete understanding of the 
immune system response to disease [4, 5].

Thermo Fisher Scientific strives to provide the most innovative technologies to support efforts 
of scientists in the field of immuno-oncology research with tools for cell-, protein-, and gene-level 
analysis.

Keywords: cancer immunology, target therapy.
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DEVELOPMENT AND CHARACTERIZATION OF CV6-168, 
A NOVEL AND SELECTIVE DUTPASE INHIBITOR THAT 

ENHANCES THE ANTITUMOUR EFFICACY OF TS-TARGETED 
THERAPIES

P.M. wilson1, K.A. Mulligan1, M.J. LaBonte2, K. McLaughlin1, V. Prise1, 
P.G. Johnston1, R.D. Ladner1

CV6 Therapeutics (NI) Ltd, Health Sciences Building (HSB), Centre for Cancer Research and Cell Biology, 
Northern Ireland, United Kingdom1

QUB, Northern Ireland, United Kingdom2

Background
Thymidylate synthase (TS) inhibitors are standard-of-care therapies for the majority of high 

incidence cancers. Deoxyuridine triphosphate nucleotidohydrolase (dUTPase) is a gatekeeper 
enzyme that protects cancer cell DNA from the misincorporation of uracil that would otherwise 
occur during treatment with TS-targeted therapies such as 5-FU, capecitabine, S-1, pemetrexed 
and methotrexate. Uracil misincorporation induced by inhibition of dUTPase causes extensive and 
irreparable DNA damage during treatment with TS-targeted therapies and strongly enhances cancer 
cell death. dUTPase is highly-expressed across many cancer types and is associated with resistance 
to TS-targeted therapies. Here we report the development and characterization of CV6-168, a novel 
and selective inhibitor of dUTPase that significantly enhances the efficacy of TS-targeted therapies 
against a broad spectrum of human cancer models.

Methods
The mode of inhibition of dUTPase by CV6-168 was determined against recombination human 

dUTPase in a fluorescence-based assay developed in our laboratory. In vitro cell growth inhibition 
was determined by CellTiter-Glo in 20 human cancer cell lines spanning 13 cancer types. Cell 
viability was measured by clonogenic cell survival assay in 48 human cancer cell lines spanning 
18 cancer types. DNA damage was assessed by flow cytometry by measuring H2A.X and ATM 
activation. Nucleotide pools were measured using the aforementioned fluorescence-based assay. 
The in vivo antitumor activity of CV6-168 was evaluated in xenograft models.

Results
CV6-168 inhibited dUTPase in a competitive and reversible mode with a Ki of 251 nmol/L. 

CV6-168 exhibited no intrinsic cytotoxicity as a single agent but significantly enhanced cancer cell 
death in clonogenic assays when combined with FUdR (5-FU metabolite) in all cell lines across 
all cancer types tested. CV6-168 significantly enhanced the growth inhibition induced by FUdR 
in 21 out of 22 cancer cell lines analysed. The mean sensitization factor was 23.7 and median 11.7 
(median range 1.5119). Mechanistic analyses demonstrated that this enhancement was accompanied 
with a significant increase in dUTP pool expansion and DNA damage. CV6-168 significantly 
increased the antitumour activity of 5-FU in both the HCT116 and LoVo colon xenograft cancer 
models with no evidence of increased toxicity.

Conclusions
CV6-168 is a potent and selective dUTPase inhibitor that significantly enhances the anticancer 

activity of 5-FU in both in vitro and in vivo models. CV6-168 represents a promising new therapeutic 
agent with the potential to significantly improve the clinical efficacy of TS-targeted therapies across 
multiple cancer types. CV6-168 will be evaluated in an upcoming Phase I clinical trial.

EXTRANUCLEAR AZASTEROIDS 
AS POTENT ANTIPROLIFERATIVE AGENTS

M.A. Yastrebova1, M.V. Gudkova1, A.M. Scherbakov1, A.S. Komendantova2, 
A.V. Komkov2, E.I. Chernoburova2, Y.A. Volkova2, I.V. Zavarzin2

N.N. Blokhin National Medical Research Center of Oncology, Moscow, Russia1

N.D. Zelinsky Institute of Organic Chemistry, Moscow, Russia2
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Hormone-dependent cancers (HDC), including those of the breast and prostate, are of the most 
commonly diagnosed cancers in women/men and the second most common cause of cancer deaths 
in the world. Typical medicines used to treat breast/prostate cancers are derived from sex steroid 
hormones (Figure 1), playing role of the primary modulators in steroidogenesis of malignant 
growths. Usually, these drugs are effective if the cancer complies, but lack of compliance can lead 
to the development of multidrug resistance resulting in unsuccessful chemotherapies. Therefore, 
there is a need in the development of new, more potent and selective cytotoxic drugs for prostate 
and breast cancer.

H

N

Abiraterone
CYP17 inhibitor

HO
HO

HO

CYP3A4 inhibitor

N
NHN

HO2C

O H
N

Episteride
steroid 5a-reductase

inhibitor

HO

NHSO2Ph

steroid sulfatase inhibitor

H

N

N

Galeterone
CYP17 inhibitor

HO

Prostate cancer agents
Breast cancer agents

Figure 1. Examples of steroid-based cytotoxic drugs and agents.

Heterosteroids of the estrane and androstane series containing the aza-substituent on rings A and 
D are among privileged scaffolds for the anti-HDC drug discovery (Figure 1). These compounds 
demonstrate activity as steroid sulfatase inhibitors for breast cancer, 5α-reductase inhibitors for the 
treatment of benign prostatic hyperplasia, and 17α-hydroxylase-C17,20-lyase (CYP 17) inhibitors 
for advanced prostate cancer therapy [1]. A number of steroids containing imidazole, indazole, 
pyrazole, thiazole, or triazole pendants at 17-position demonstrated inhibition against prostate cancer 
cells at the nanomolar level [2, 3]. Abiraterone – 17-(pyridin-3-yl)androsta-5,16-dien-3-ol (the first 
steroidal CYP17 inhibitor approved by the FDA in 2011) - became one of the top pharmaceutical 
products by U.S. retail sales in 2014, while galeterone - 17-(1H-benzimidazol-1-yl)androsta-5,16-
dien-3β-ol, another CYP17 inhibitor with AR antagonistic and ablative activities, - reached phase 
III clinical trials. Recently, we have reported the synthesis and antiproliferative activity of steroidal 
pyridazines, thiadiazoles, and 4,5-disubstituted pyrimidines [4, 5]. This study was focused on the 
synthesis of unique derivatives of androstene series containing N-aryl-6H-1,3,4-thiadiazine-2-
carboxamide and N-aryl-1H-pyrazole-3-carboxamide motifs linked to the D ring of the steroid 
core and the evaluation of their inhibitory activity against prostate cancer cells.

Material and Methods
Steroidal 6H-1,3,4-thiadiazines 3 were synthesized by condensation of oxamic acid thiohydraz-

ides 1 with 21-bromo-pregna-5,16-diene-20-ones 2 under mild reaction conditions (Scheme 1). 
Steroidal 1H-pyrazoles 5 were obtained from acetoacetic acid-(3-oxo-androst-4-en-17β-yl ester) (4) 
by treatment with oxamic acid thiohydrazides 1 in the presence of molecular iodine. All compounds 
were isolated by column chromatography. Their structure was proved by 1H, 13C NMR spectra.
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Results
Our interest in the preparation of structurally diverse heterosteroids created a need for a facile 

flexible strategy, in which a common intermediate can be used in a conjunctive fashion to form an 
array of N-heterocycles attached or fused to the steroid core. Hence, we turned to oxamic acid thiohy-
drazides, as simple “versatile agents” for the modification of steroids bearing a carbonyl group.

Based on our previous results, we accomplished the efficient synthesis of novel heterosteroids 
possessing a six-membered N-heterocycle attached to the D ring of the steroid core starting from read-
ily available materials. Thus, the synthesis of derivatives of the androstene series 3 and 5 containing 
D-ring linked N-aryl-6H-1,3,4-thiadiazine-2-carboxamide and N-aryl-1H-pyrazole-3-carboxamide 
motifs was accomplished starting from preliminary modified natural hormones pregnane and an-
drostene 2 and 4 by the condensations with oxamic acid thiohydrazides 1 (Scheme 1).

Evaluation of the antiproliferative activity of synthesized compounds was carried out on AR-
negative DU145 and AR-positive 22Rv1 prostate cancer cell lines. The compounds demonstrated 
selectivity to the hormone-dependent prostate cancer cells. Series 5 showed activity towards 22Rv1 
cells at concentrations above 25 μM, which is comparable to that of androgen receptor inhibitor 
bicalutamide. Series 3 was significantly more active than bicalutamide and caused cytotoxic effects 
at concentrations of about 3 μM. The overall potency of steroidal compounds 3 was much higher 
than that of chemotherapeutic drug cisplatin.

Conclusions
In general, the series of extranuclear azasteroids can be considered for the development of new 

drug candidates against hormone-dependent prostate cancers.

The biology experiments of the research were supported by RFBR 18-015-00422, the chemistry 
part was supported by RFBR projects 17-53-45127 and 18-33-00913.

Keywords: hormone-dependent cancers, heterosteroids, steroidal 6H-1,3,4-thiadiazines, 
steroidal 1H-pyrazoles, androgen receptor.
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EFFECT OF HUMAN MESENCHYMAL STEM CELLS 
ON MORPHOLOGY AND MICROENVIRONMENT 

OF RAT SARCOMA IN EXPERIMENTAL RADIOTHERAPY

V.V. Yuzhakov, L.E. Sevankaeva, A.D. Kaprin, S.A. Ivanov, Yu.S. Romanko, 
L.N. Bandurko, N.K. Fomina, S.A. Mozerov, I.E. Ingel, N.D. Yakovleva, 
M.G. Tsyganova, K.S. Korchagina

A. Tsyb Medical Radiological Research Center – branch of the National Medical Research Radiological 
Center of the Ministry of Health of the Russian Federation, Obninsk, Russia

The effect of human mesenchymal stem cells (MSC) with subsequent local irradiation of rat 
sarcoma by 60Co γ-rays at a dose of 30 Gy, on animal survival, growth and functional morphology 
of tumors was studied. The results of studies using markers of proliferation (PCNA), angiogenesis 
(CD31) and hypoxia (pimonidazole), showed that after the intravenous infusion of MSC, the an-
giogenesis was activated in growth zones of sarcoma, the proliferation of tumor cells increased in 
the parenchyma of neoplasms while the fraction of hypoxic cells (HC) decreased more than twice. 
Transplantation of MSC before the radiotherapy had a stronger effect on radiation inactivation of 
tumor cells. At the same time, the growth rate of irradiated tumors decreased 1.8 times and the 
survival rate of animals statistically increased by 31%.
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Introduction
The presence of hypoxia in many types of solid tumors is one of the limiting factors for the 

complete eradication of tumors with conventional radiation therapy [1]. Approaches that include 
increasing the delivery of oxygen to tumors are being developed to improve the efficacy of radio-
therapy for neoplasias. Particular attention is paid to biological modifiers, as some of them can 
normalize the vasculature of the tumor, which leads to increased blood flow and oxygenation, 
thereby potentially increasing the radiosensitiviness of tumor cells [2]. In this respect, attention is 
drawn to the impact of MSC on transplanted tumors associated with amplified peritumoral angio-
genesis and an increase in the proportion of proliferating neoplastic cells [3]. However, literature 
data regarding the effect of MSC on the microenvironment of malignant tumors under conditions 
of radiotherapy are scarce.

The aim of this study was to investigate the effect of systemic human MSC transplantation 
and subsequent irradiation of a connective tissue tumor in rats with 60Co γ-rays on animal survival, 
tumor growth and morphology.

Material and Methods
The work was performed on rats with sarcoma M-1 implanted under the skin of the hind paw. 

The tumor-bearing animals were divided into three groups: a control group (n=40) and two ex-
perimental groups with 45 rats in each. On the 16th day after implantation of sarcoma, the tumor 
nodes of the animals in experimental groups were exposed to local gamma radiation at a dose of 
30 Gy. Four days before irradiation, the bone marrow-derived human MSC were injected into the 
tail vein of rats in the second test group at a single dose of 106 cells per 100 g of the rat weight. To 
visualize HC in the tumor tissue prior to irradiation on the 16th day of sarcoma growth, 5 rats from 
each experimental group were injected intraperitoneally with pimonidazole at a dose of 60 mg/
kg body weight 30 minutes before excision of the tumor nodes. The criterion for the efficiency of 
action of MSC and γ-radiation was a change in tumor growth rate. On the 3rd and 12th days after 
irradiation, 7-10 rats from each group were withdrawn from the experiment to study the morphol-
ogy of sarcoma M-1. The survival of the remaining animals was observed for 3 months.

Immunohistochemical studies on serial sections were carried out using biotinylated mouse an-
tibodies to PCNA (PC10, Thermo Fisher Scientific), rabbit antibodies to the vascular endothelium 
marker CD31 (M-20-R, Santa Cruz) and rabbit antibodies to the marker of hypoxia - pimonidazole 
(Hypoxyprobe™ -1 Omni Kit). The quantitative density of tumor cells per 1 mm2 of specimen area 
(NTC), the PCNA index (IPCNA), the mitotic index (IMIT), and the apoptotic index (IAP) were deter-
mined by a standard procedure. Morphometric assessment of the volume fraction of parenchyma 
with the reaction of nuclei in tumor cells on PCNA (ρPCNA), the content of necrosis (ρNECR) and HC 
zones (ρHC) was carried out using a computerized analysis of the microscopic images. The relative 
fraction of the proliferating cells was calculated according to the formula FPCNA = ρPCNA × IPCNA × 
КN, where КN = NTC in the experiment / NTC in the control.

Results
Three months after the tumor implantation, 96% of the rats died in the control group, 25% of 

the rats survived in the 1st experimental group, while the survival of the animals that received MSC 
before the irradiation increased to 56%, and the tumor growth rate significantly decreased.

On the day of irradiation sarcoma M-1 had a solid type of structure with an intensive reaction 
of the nuclei of tumor cells on PCNA in growth zones. The central fields of the tumor nodes were 
occupied by areas of spontaneous necrosis. Judging by the intensity of the reaction to pimonida-
zole, tumor cells in the state of deep hypoxia were located mainly at the border with necrosis in 
the form of perinecrotic rims in the width of 40-50 microns. There was no response to the marker 
of hypoxia in the most vascularized areas of sarcoma. On the 4th day after MSC transplantation, 
an increase in angiogenesis was evidently observed in the peritumoral zone of specimens stained 
with CD31. According to the morphometric data, the calculated FPCNA value increased by 20% 
(p>0.05) against the background of MSC administration, whereas ρNECR and ρHC decreased almost 
twofold (p<0.05).

Three days after irradiation, in the growth zones of tumor nodes of rats in the 1st experimen-
tal group, NTC decreased by 40%, being 18.1±4,1%. When MSC was preliminary administered, 
NTC and FPCNA in the growth zones of the sarcoma were respectively 1.8 and 2.2 times lower than 
after γ-radiation only. On the 12th day after irradiation in rats of the 1st test group, ρPCNA was 
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0.21±0.03, and FPCNA was 14.5±2.1%. A 1.9 and 2.7-fold decrease in these indices were observed 
after the administration of MSC prior to irradiation, Histological examination of tumors  showed 
the extensive areas of connective tissue growth with the penetration into the tumor and infiltration 
of the stroma with numerous macrophages, which, apparently, led to an intensive elimination of 
dead tumor cells.

Conclusion
For the first time, the radiosensitizing action of MSC infusion before the experimental radio-

therapy of transplantable connective tissue tumor with a stronger effect of inactivation of neoplastic 
cells was recorded. Analysis of the results showed that the enhancement of the radioresponsivity 
of sarcoma M-1 with MSC transplantation prior to irradiation was caused by stimulation of angio-
genesis, decrease in the total fraction of hypoxic cells, and increase in the content of proliferating 
tumor cells in the irradiated areas.
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