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Abstract

Objectives. Lung cancer, representing a difficult-to-diagnose heterogeneous malignant neoplasm, is characterized by an asymptomatic
course up to late stages, a high incidence of adverse outcomes, and a high probability of metastasis. Its most common form is non-small
cell lung cancer (NSCLC). Recent studies have demonstrated a significant role of non-coding RNAs—in particular, microRNAs—in
the development of NSCLC. MicroRNAs, which function as post-transcriptional regulators of the expression of protein-coding genes,
including those associated with oncogenesis, are involved in the processes of cell proliferation, differentiation, and apoptosis. One of the
approaches for regulating the expression of microRNAs themselves is to change the methylation of the CpG island adjacent to the
microRNA gene or overlapping it. It has been shown that microRNA genes are several times more likely to undergo methylation than
protein-coding genes. The aim of the present work is to study changes in the level of methylation of a number of microRNA genes and
compile a potential panel of markers for the diagnosis and prognosis of NSCLC.

Methods. Samples of NSCLC tumors were collected and clinically characterized at the Blokhin National Medical Research Center
of Oncology, Ministry of Health of the Russian Federation, Moscow, Russia. High-molecular-weight DNA was isolated from tissues
using a standard method. The level of methylation was analyzed using bisulfite conversion of DNA and quantitative methyl-specific
polymerase chain reaction with real-time detection. The significance of differences between the studied groups was assessed by the
nonparametric Mann—Whitney U test for independent samples. Differences were considered significant at p < 0.05.

Results. The analysis of methylation levels of microRNA genes revealed a significant (p < 0.05) increase in the methylation level
of eight microRNA genes: MIR124-1/2/3, MIR125B-1, MIR129-2, MIR137, MIR375, MIR1258, and MIR339 (p < 0.01, false discovery
rate < 0.25). On the basis of receiver operating characteristic analysis, a panel of markers is proposed for the diagnosis of NSCLC
according to the nature of methylation of the studied microRNA genes in the tumor and in the normal tissue.

Conclusions. Our results, which contribute to the understanding of molecular mechanisms involved in NSCLC development, can
be used in the development of new diagnostic and prognostic approaches in clinical oncology.
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AHHOTaUuS

Iesn. Pak nerkoro npeacTasiseT co0oil reTeporeHHoe 3710KaueCTBEHHOE HOBOOOPa30BaHHE C HU3KHM JIUArHOCTUUSCKUM IOTEHIINATIOM,
XapakTepu3yloleecs 0eCCHMITOMHBIM T€YEHHEM BIUIOTH JI0 MO3IHUX CTaIHi, BEICOKOI YacTOTON HEOIAaronpHsaTHEIX HCXOJOB 1 BBICO-
KOl BEPOSITHOCTHIO MeTacTasupoBaHus. Ero camoli pacrpocTpaHeHHOH (HOpMOIl sSBISETCS HEMEIKOKIETOUHBIH pak Jierkoro (HMPJI).
[locnennue uccnenoBaHus MOKa3bIBAIOT 3HAUUTENBHYIO poib Hekopupyrommx PHK, B wactHoctu, muxkpoPHK, B passutun HMPJI.
MukpoPHK BBIIOIHAIOT QYHKIHIO MOCT-TPAHCKPUIILIMOHHBIX PETYIATOPOB KCIPECCHH OETOK-KOAUPYIOIIUX TEHOB, B TOM YHCIIE, CBS-
3aHHBIX C OHKOT'€HE30M, ¥ BOBJICYEHBI B POIECCHI pondeparyy, 1 depeHupOBKY U aronTo3a KiaeTok. OJHIM U3 Ty TeH peryssiiuy
skcrpeccnu camux MUKpoPHK sBisiercst m3menenne metunupoBanust CpG-ocTpoBka, npuiieskamniero k reny MukpoPHK wmu nepekpoi-
Baromiero ero. ITokaszano, uto renst MukpoPHK B HeckombKO pa3 yalie mogBepraroTcst METHINPOBAHHIO, €M OENOK-KOAUPYIONIHE TeHBI.
Llenpio HACTOSIETO MCCIENOBAHUS SBISUIOCH M3ydeHHE U3MEHEHHs YPOBHS MeTHInpoBaHus psja reHoB MuUKpoPHK u cocraBnenue
MOTEHIIUAILHOM MaHeJIn MapKepOB ISl IMarHOCTUKHU U ripornoza HMPIL.

Metoasi. O6pasus! ommyxomeit HMPJI cobpansl u kimHHYeckn oxapakrepu3oBanbl B HUW kmuHMYeckolt orkonorun HarmoHanbHOTO Meu-
LIMHCKOT'O UCCIIEIOBATENILCKOTO IIeHTpa oHKooruy uM. H.H. broxuna. Beicokomonexymspayro JJHK Bbinemnsnu U3 TkaHu CTaHAAPTHBIM METO-
JIOM. AHaJIU3 YPOBHSI METUIIMPOBAHMS IIPOBOMIIIIN C TIpUMEeHeHHeM OucyibdurHoit konBepcnu JJHK 1 konmyecTBeHHOI MeTHiICTIeUDUYHOI
[OJIMMEPa3HOU HEHON peaKluel ¢ IeTeKIUel B pealbHOM BpeMeHHU. {7 OLCHKY 3HAYUMOCTH PA3IMUUil MKy UCCIIELYEMbIMU IPyIIIaMu
MIPUMEHSUTN HeapaMeTpHIeCKi KpuTepuii MaHHa—YHUTHH 711 HE3aBUCUMBIX BBIOOPOK. Pasmiauns cunramu nocroBepHbME pH p < 0.05.
Pe3yabrarsl. B pesynsrare ananmsa ypoBHel MeTwminpoBanus reHoB MHKpoPHK Hamu Gbuto moxaszano 3naumnmoe (p < 0.05) ysenu-
YeHHe YPOBHSI METWINpOBaHUS BockMH TreHoB MukpoPHK: MIR124-1/2/3, MIR125B-1, MIR129-2, MIR137, MIR375, MIR1258,
MIR339 (p < 0.01, FDR < 0.25). bein npoBener ROC-ananu3, TO3BOIMBIINNA MPEITIOKUTH TAHEIb MapkepoB s nuarHoctaukn HMPJT
10 XapaKTepy METUINPOBAHNUS HCCIeN0BaHHBIX TeHoB MUKpoPHK B omyxonu u Hopme.

BeiBonpl. [TonyueHHble HaMu pe3yibTaThl CIIOCOOCTBYIOT OHMMAHHIO MOJIKYJIIPHBIX MexaHu3MoB pa3sutuss HMPJI u moryT ObITh
HCTIONB30BaHbI IPU Pa3padOTKE HOBBIX ANATHOCTHUECKHUX U MPOTHOCTHYECKUX TTOIXO/I0B B KIIMHUYIECKO OHKOJIOTUHL.

Kniouesble cnoBa MocTtynuna: 22.02.2024
mukpoPHK, MeTnnupoBanne, maHeas MapKkepoB, HEMEIKOKICTOUHBIN paK JIETKOTO [Aopa6oTtaHa: 29.03.2024

MpuHata B neyatb: 15.04.2024
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INTRODUCTION

Representing the most common type of lung cancer (up
to 85% of cases), non-small cell lung cancer (NSCLC)
is difficult to diagnose due to its heterogeneity (lung
adenocarcinoma, squamous cell lung cancer, large cell
lung cancer, etc.) and low detection rate in the early stages.
NSCLC has a high metastatic potential. It is noted that up to
40% of detected NSCLC cases were identified as metastatic
tumors. For this reason, in the diagnosis and prognosis of
this type of cancer, a molecular approach is important [1].

At the moment, there is no unified system of
molecular diagnostics and prognosis for determining the
development of the early-stage oncological process and
assessing its metastatic potential. As for any multifactorial
disease, there are both genetic and epigenetic development
triggers for each type of cancer [2]. One of the most
significant epigenetic regulatory mechanisms, which
dynamically and specifically influence processes in the
cell, including gene expression, is the DNA methylation
mechanism, which provokes tumor development when
in an aberrant state. Aberrant methylation involves two
differently directed processes: hypermethylation of
tumor suppressor genes and demethylation of oncogenes.
Aberrant methylation is associated with the regulation
of many genes, including microRNA genes, which
themselves constitute a regulatory element of the gene
expression system [3].

MicroRNAs belong to the group of short non-coding
RNAs, which perform a regulatory function in the
body at the post-transcriptional level. MicroRNAs
are involved in many cellular processes, including
proliferation, differentiation, and apoptosis, whose
disruption can lead to tumorigenesis [4]. Methylation/
demethylation has been shown to play a much larger role
in the regulation of microRNA genes than protein-coding
genes. Hypermethylation leads to the switching off of
the microRNA gene, while demethylation, conversely,
causes its activation. Methylation and expression
profiles of microRNA genes turned out to be highly
specific for tumors of different locations and histological
profiles [5]. NSCLC is characterized by a specific level
of microRNA gene expression, which is associated
with the clinical and pathological properties of a tumor.
However, the methylation status of miRNA genes,
which influences expression, is rarely studied. Detection
of hypermethylation of a number of microRNA genes

that exhibit tumor suppressor properties in NSCLC is
a priority research area due to the possibility of creating
a system of diagnostic and prognostic markers based on
hypermethylated microRNA genes [6].

The aim of the present work is to create a potential
marker system for the diagnosis and prognosis of NSCLC
based on changes in the methylation level of a number of
microRNA genes in a tumor.

EXPERIMENTAL

Collection of material. The level of methylation of
microRNA genes was analyzed using 70 paired samples
of tumor and adjacent normal lung tissue from NSCLC
patients treated at the Blokhin National Medical Research
Center of Oncology, Ministry of Health of the Russian
Federation, Moscow, Russia. Samples were collected
during elective surgery. All tumors were classified
according to the TNM classification of the International
Union Against Cancer and histologically verified
based on the World Health Organization classification
criteria [7]. The diagnosis was carried out on the basis
of histological findings. Table presents clinical data of
patients.

The study included samples of NSCLC tissue
from patients who had not received radiation therapy,
chemotherapy, or hormone therapy before surgery. The
work was carried out in compliance with the principles
of voluntariness and confidentiality in accordance
with the Declaration of Helsinki of the World Medical
Association [8].

DNA  extraction. High-molecular-weight DNA
was isolated from tissue by a standard method
using phenol-chloroform extraction [9]. The DNA
concentration was determined by optical density using
a NanoDrop ND-1000 spectrophotometer (7hermo
Fisher Scientific, USA).

Determination of the level of methylation. The
methylation of microRNA genes was analyzed using
quantitative methyl-specific polymerase chain reaction
with real-time detection (qMS-RT-PCR) following
bisulfite conversion of DNA according to the published
procedure [10]. The completeness of DNA conversion
was determined using the ACTB (ACTin Beta)
control locus using oligonucleotides specific to the
unconverted template. Amplification was carried out
using a qPCRmix-HS SYBR reagent kit according to
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Table. Clinicopathological characteristics of the studied samples

Clinicopathological parameter Total number, N = 70 %
Squamous cell lung cancer 39 55.7
Histologic type
Lung adenocarcinoma 31 443
1 14 20.0
I 28 40.0
Tumor stage
I 20 28.6
v 8 11.4
Gl 6 8.6
Degree of differentiation G2 35 50.0
G3 29 414
T1 11 15.7
T2 35 50.0
Tumor size
T3 13 18.6
T4 11 15.7
NO 29 414
Lymphatic metastasis
N1 41 58.6
MO 62 88.6
Distant metastasis
M1 8 11.4

the Evrogen (Russia) protocol in the Bio-Rad CFX96
Real-Time PCR Detection System (Bio-Rad, USA).
Oligonucleotide sequences and PCR conditions
for microRNA genes were as presented in previous
work [11]. Commercial human genomic DNA #G1471
(Promega, USA) was used as a control for unmethylated
alleles. Commercial human genomic DNA #SD1131
(Thermo Fisher Scientific, USA) was used as a control
for 100% methylation.

Statistical processing of the results was carried
out using the IBM SPSS Statistics 22 software!. The
significance of differences between the studied groups
was assessed by the nonparametric Mann—Whitney
U test for independent samples. Differences were
considered significant at p < 0.05. Data were expressed

1

as median (Me), lower (Q1), and upper (Q3) quartiles.
Correlation analysis was performed by Spearman’s
rank correlation method, and its significance level
was calculated [12]. To compile a panel with certain
sensitivity and  specificity coefficients, receiver
operating characteristic (ROC) analysis was performed.
Differences were considered significant and reliable at
p <0.05. False discovery rate < 0.25.

RESULTS AND DISCUSSION

Using a representative statistical sample of NSCLC
samples (70 tumor/normal pairs), changes in the
methylation level of ten microRNA genes were studied:
MIR124-1, MIRI124-2, MIR124-3, MIRI125B-1,

https://soware.ru/products/ibm-spss-statistics. Accessed March 6, 2024.
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MIR127, MIR129-2, MIR137, MIR375, MIR1258, and
MIR339. According to the obtained results, a statistically
significant (p < 0.01) increase in the level of their
methylation (Fig. 1) in the tumor in comparison with
the adjacent histologically unchanged normal tissue
was found for the genes of eight out of ten microRNAs
(MIR124-1/2/3, MIR127, MIR129-2, MIR137,
MIR1258, and MIR339). We have previously presented
convincing data for other types of cancer about the role
of hypermethylation of these eight microRNAs [11, 13].
Note that, for NSCLC, a high level of methylation for the
microRNA gene MIR339 was identified for the first time.

In the present work, we noted a correlation between
the methylation levels of the studied microRNA genes
and the clinicopathological characteristics of tumors.
For example, methylation of the MIR125B-1, MIR1258,

p<0.001 p=0007 p<0.001 p<0.001
1001 | | ,
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p <0.001

Tl =

and MIR339 genes was observed in all NSCLC tumor
samples (p < 0.05), regardless of histological type, stage
and degree of differentiation, and the presence or absence
of metastases. We also noted an association between
hypermethylation of the MIR124-3, MIR125B-1,
MIR137, and MIR1258 genes with the presence of
metastases to lymph nodes and distant metastases
(» <0.05). Using the ROC analysis results, we developed
two potential test systems for assessing the development
and progression of NSCLC, which have the potential for
use in the diagnosis and prognosis of this disease (Fig. 2).

The potential diagnostic panel consists of three
markers: MIRI125B-1, MIR1258, and MIR339
(sensitivity Se = 92.7, specificity Sp = 85.8, area under
the curve AUC = 0.967, p < 107°) (Fig. 2a). The potential
prognostic panel consists of four markers: MIR124-3,

p <0.001 p<0.001 p=0.004
. Tumor
.
.Norm

iy

MIR  124-1 124-2 124-3 125B-1 127

129-2

BT

1258 339

Fig. 1. Changes in the methylation level of ten microRNA genes in 70 paired tumor samples and histologically unchanged lung tissue

in NSCLC
1.0 1.0
0.8 0.8
e =
Q Q
Y04 Y04
0.2 0.2
Se=92.7 Se =98.9
Sp=85.8 Sp=94.5
0 AUC =0.967 0 AUC =0.968
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Specificity Specificity
(a) (b)

Fig. 2. ROC analysis of potential panels of markers based on assessing the methylation level of microRNA genes for the diagnosis
and prognosis of NSCLC: (a) panel 1 (diagnostic): MIR125B-1, MIR1258, MIR339; (b) panel 2 (prognostic): MIR124-3, MIR125B-1,
MIR1258, MIR137. Se—sensitivity; Sp—specificity; AUC—area under the curve
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MIR125B-1, MIR137, and MIRI258 (Se = 98.9,
Sp = 94.5, AUC = 0.968, p = 1 - 107%) (Fig. 2b). The
detection of hypermethylation of all microRNA genes
included in the diagnostic panel suggests that the patient
has NSCLC. If methylation of all genes included in
the prognostic panel is detected, the patient has a high
probability of developing metastatic NSCLC. Due to the
high sensitivity (which exceeds 90%) and specificity of
the prognostic panel of markers, their use as screening test
systems with further confirmation by validated methods
is justified. The detection of four hypermethylated
miRNA genes of this panel may signal the need for
additional monitoring of the patient for early detection
and prevention of the development of metastases.

At the present stage of development of medicine,
instrumental, biochemical, and histological studies
of biopsy and/or resection material remain the main
diagnostic methods. However, these methods are often
insufficient for making a confident diagnosis. In this
connection, the use of validated test systems based on
molecular genetic studies could significantly change
approaches to diagnosis through early detection of
cell malignancy and prognosis by assessing certain
tumor markers of different localizations, including
NSCLC [14, 15]. The use of microRNAs as test systems
for the diagnosis and prognosis of NSCLC and other
types of cancer is particularly promising due to their
tissue specificity, which links them to the specific course
of the cancer [14].

REFERENCES

1. Araghi M., Mannani R., Heidarnejad Maleki A., Hamidi A.,
Rostami S., Safa S.H., Faramarzi F., Khorasani S.,
Alimohammadi M., Tahmasebi S., Akhavan-Sigari R. Recent
advances in non-small cell lung cancer targeted therapy; an
update review. Cancer Cell Int. 2023;23(1):162. https://doi.
org/10.1186/512935-023-02990-y

2. Sarhadi V.K., Armengol G. Molecular Biomarkers in Cancer.
Biomolecules.  2022;12(8):1021.  https://doi.org/10.3390/
biom12081021

3. Li Y. Modern epigenetics methods in biological research.
Methods.  2021;187:104—113.  https://doi.org/10.1016/j.
ymeth.2020.06.022

4. Eshkoor S.A., Ghodsian N., Akhtari-Zavare M.
MicroRNAs influence and longevity. Egypt. J. Med.
Hum. Genet. 2022;23(1):105. https://doi.org/10.1186/
$43042-022-00316-7

5. Loginov V.I,, Rykov S.V., Fridman M.V, et al. Methylation
of miRNA genes and oncogenesis. Biochemistry
(Moscow).  2015;80(2):145-162.  https://doi.org/10.1134/
S0006297915020029
[Original Russian Text: Loginov VI, Rykov S.V,
Fridman M.V., Braga E.A. Methylation of miRNA
genes and oncogenesis. Biokhimiya. 2015;80(2):184-203
(in Russ.).]

CONCLUSIONS

As well as contributing to an enhanced understanding of
the important role played by microRNA gene methylation
in the regulation of the occurrence and progression
of NSCLC, the results of the study also suggest new
potential biomarkers for diagnosis and prognosis,
offering the possibility to develop new therapeutic
targets for drug development.

Acknowledgments

The work was supported by the Scientific Research Program
for 2023-2025 No. FGFU-2023-0001. The authors thank
the staff of the N.N. Blokhin National Research Center
of Oncology for collecting and clinico-histological
characterization of samples of non-small cell lung cancer.

Authors’ contributions

M.S. Gubenko, L.V. Pronina, P.V Postnikov—responsible for
experimental data.

A.M. Burdennyy—concept and structure of the article.

Yu.A. Efimova, F.V. Radus, E.S. Mochalova—statistical data
processing.

V.I. Loginov—bioinformatic analysis, preparation of illustrative
material.

T.P. Kazubskaya—collection of clinical samples.

All co-authors have approved the final version of the article,
checked the integrity of all sections of the article.

The authors declare no conflicts of interest.

6. Liao J., Shen J., Leng Q., Qin M., Zhan M., Jiang F.
MicroRNA-based biomarkers for diagnosis of non-small cell
lung cancer (NSCLC). Thorac. Cancer. 2020;11(3):762-768.
https://doi.org/10.1111/1759-7714.13337

7. Brierley J.D., Gospodarowicz M.K., Wittekind C. (Eds.).
TNM Classification of Malignant Tumours. 8th ed. John Wiley
& Sons; 2017. 272 p.

8. World Medical Association. World Medical Association
Declaration of Helsinki: ethical principles for medical research
involving human subjects. JAMA. 2013;310(20):2191-2194.
https://doi.org/10.1001/jama.2013.281053

9. Loginov V.I., Burdennyy A.M., Filippova E.A., ef al. Aberrant
Methylation of 21 MicroRNA Genes in Breast Cancer: Sets of
Genes Associated with Progression and a System of Markers
for Predicting Metastasis. Bull. Exp. Biol. Med. 2021;172(1):
67-71. https://doi.org/10.1007/s10517-021-05333-x
[Original Russian Text: Loginov V.., Burdennyy A.M.,
Filippova E.A., Pronina 1.V., Lukina S.S., Kazubskaya T.P.,
Karpukhin A.V., Khodyrev D.S., Braga E.A. Aberrant
Methylation of 21 MicroRNA Genes in Breast Cancer: Sets of
Genes Associated with Progression and a System of Markers
for Predicting Metastasis. Byulleten’ Eksperimental noi
Biologii i Meditsiny. 2021;172(7):81-86 (in Russ.). https:/
doi.org/10.47056/0365-9615-2021-172-7-81-86 ]

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2024;19(3):232-239 237


https://doi.org/10.1186/s12935-023-02990-y
https://doi.org/10.1186/s12935-023-02990-y
https://doi.org/10.3390/biom12081021
https://doi.org/10.3390/biom12081021
https://doi.org/10.1016/j.ymeth.2020.06.022
https://doi.org/10.1016/j.ymeth.2020.06.022
https://doi.org/10.1186/s43042-022-00316-7
https://doi.org/10.1186/s43042-022-00316-7
https://doi.org/10.1134/S0006297915020029
https://doi.org/10.1134/S0006297915020029
https://doi.org/10.1111/1759-7714.13337
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1007/s10517-021-05333-x
https://doi.org/10.47056/0365-9615-2021-172-7-81-86
https://doi.org/10.47056/0365-9615-2021-172-7-81-86

Methylation of a group of microRNA genes as a marker Vitaliy I. Loginov,

for the diagnosis and prognosis of non-small cell lung cancer etal.

10. Loginov V.I., Pronina I.V., Burdennyy A.M., Filippova E.A., 12. Pronina 1.V., Loginov V.I., Burdennyy A.M., Fridman M.V.,
Kazubskaya T.P., Kushlinsky D.N., Utkin D.O., Senchenko V.N., Kazubskaya T.P., Kushlinskii N.E.,
Khodyrev D.S., Kushlinskii N.E., Dmitriev A.A., Dmitriev A.A., Braga E.A. DNA methylation contributes
Braga E.A. Novel miRNA genes deregulated by aberrant to deregulation of 12 cancer-associated microRNAs and
methylation in ovarian carcinoma are involved in metastasis. breast cancer progression. Gene. 2017;604:1-8. https://doi.
Gene. 2018;662:28-36. https://doi.org/10.1016/j. org/10.1016/j.gene.2016.12.018
gene.2018.04.005 13. Shanehbandi D., Asadi M., Seyedrezazadeh E., Zafari V.,

11. Klochikhina E.S., Shershov V.E., Kuznetsova V.E., Lapa S.A., Shekari N., Akbari M., Rahbarnia L., Zarredar H. MicroRNA-
Chudinov A.V. Specificities of multiprimer polymerase Based Biomarkers in Lung Cancer: Recent Advances and
chain reaction optimization for the detection of infectious Potential Applications. Curr: Mol. Med. 2023;23(7):648—667.
pneumonia agents in human. Tonk. Khim. Tekhnol. = Fine https://doi.org/10.2174/2772432817666220520085719
Chem. Technol. 2021;16(3):225-231 (Russ., Eng.). https://doi. 14. Xu L., Huang X., Lou Y., Xie W., Zhao H. Regulation of
org/10.32362/2410-6593-2021-16-3-225-231 apoptosis, autophagy and ferroptosis by non-coding RNAs

in metastatic non-small cell lung cancer (Review). Exp. Ther:
Med. 2022;23(5):352. https://doi.org/10.3892/etm.2022.11279

About the authors

Vitaly I. Loginov, Cand. Sci. (Biol.), Leading Researcher, Pathogenomics and Transcriptomics Laboratory, Institute of General
Pathology and Pathophysiology (8, ul. Baltiiskaya, Moscow, 125315, Russia); Senior Researcher, Laboratory of Molecular Genetics
of Complex Inherited Diseases, Research Center for Medical Genetics (1, Moskvorechye ul., Moscow, 115552, Russia). E-mail:
loginov7w(@gmail.com. Scopus Author ID 7102884943, RSCI SPIN-code 6249-5883, https://orcid.org/0000-0003-2668-8096

Marina S. Gubenko, Junior Researcher, Pathogenomics and Transcriptomics Laboratory, Institute of General Pathology and
Pathophysiology (8, ul. Baltiiskaya, Moscow, 125315, Russia). E-mail: artz_marina@mail.ru. RSCI SPIN-code 4992-7397

Alexey M. Burdennyy, Cand. Sci. (Biol.), Leading Researcher, Pathogenomics and Transcriptomics Laboratory, Institute of General
Pathology and Pathophysiology (8, ul. Baltiiskaya, Moscow, 125315, Russia); Junior Researcher, Laboratory of Chemical Physics of
Bioanalytical Processes, Emanuel Institute of Biochemical Physics, Russian Academy of Sciences (4, Kosygina ul., Moscow, 119334,
Russia). E-mail: burdennyy@gmail.com. Scopus Author ID 56049452900, RSCI SPIN-code 4429-4288, https://orcid.org/0000-0002-
9398-8075

Irina V. Pronina, Cand. Sci. (Biol.), Main Specialist, Doping Control Department, National Anti-Doping Laboratory (Institute),
Lomonosov Moscow State University (10-1, Elizavetinskii per., Moscow, 105005, Russia); Senior Researcher, Pathogenomics and
Transcriptomics Laboratory, Institute of General Pathology and Pathophysiology (8, ul. Baltiiskaya, Moscow, 125315, Russia). E-mail:
zolly sten@mail.ru. Scopus Author ID 8161867200, ResearcherID G-3951-2014, ResearcherID ABD-8018-2021, RSCI SPIN-code
5706-2369, https://orcid.org/0000-0002-0423-7801

Pavel V. Postnikov, Cand. Sci. (Chem.), Head of the Doping Control Department, National Anti-Doping Laboratory (Institute),
Lomonosov Moscow State University (10-1, Elizavetinskii per., Moscow, 105005, Russia). E-mail: postnikov@dopingtest.ru. Scopus
Author ID 57021610900, RSCI SPIN-code 7251-9937, https://orcid.org/0000-0003-3424-0582

Yuliya A. Efimova, Cand. Sci. (Chem.), Assistant Professor, I.P. Alimarin Department of Analitical Chemistry, M.V. Lomonosov
Institute of Fine Chemical Technologies, MIREA — Russian Technological University (86, Vernadskogo pr., Moscow, 119571, Russia).
E-mail: efimova_yulia@bk.ru. Scopus Author ID 25228417800, https://orcid.org/0000-0002-3582-0012

Fedor V. Radus, Assistant, [.P. Alimarin Department of Analitical Chemistry, M.V. Lomonosov Institute of Fine Chemical Technologies,
MIREA — Russian Technological University (86, Vernadskogo pr., Moscow, 119571, Russia). E-mail: radus20@mail.ru. Scopus Author ID
57890564100, https://orcid.org/0000-0003-0938-9609

Elena S. Mochalova, Acting Director, National Anti-Doping Laboratory (Institute), Lomonosov Moscow State University (10-1,
Elizavetinskii per., Moscow, 105005, Russia). E-mail: mochalova@dopingtest.ru
Tatiana P. Kazubskaya, Dr. Sci. (Med.), Senior Scientist of Laboratory of Clinical Oncogenetics, Blokhin National Medical Research

Center of Oncology (23, Kashirskoe sh., Moscow, 115478, Russia). E-mail: oncogen5@ronc.ru. Scopus Author ID 6602563950,
ResearcherID F-9084-2019, RSCI SPIN-code 5224-5820, https://orcid.org/0000-0001-5856-0017

238 Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2024;19(3):232-239


mailto:loginov7w@gmail.com
https://orcid.org/0000-0003-2668-8096
mailto:artz_marina@mail.ru
mailto:burdennyy@gmail.com
https://orcid.org/0000-0002-9398-8075
https://orcid.org/0000-0002-9398-8075
mailto:zolly_sten@mail.ru
https://orcid.org/0000-0002-0423-7801
mailto:postnikov@dopingtest.ru
https://orcid.org/0000-0003-3424-0582
mailto:efimova_yulia@bk.ru
https://orcid.org/0000-0002-3582-0012
mailto:radus20@mail.ru
https://orcid.org/0000-0003-0938-9609
mailto:mochalova@dopingtest.ru
mailto:oncogen5@ronc.ru
https://orcid.org/0000-0001-5856-0017
https://doi.org/10.1016/j.gene.2018.04.005
https://doi.org/10.1016/j.gene.2018.04.005
https://doi.org/10.32362/2410-6593-2021-16-3-225-231
https://doi.org/10.32362/2410-6593-2021-16-3-225-231
https://doi.org/10.1016/j.gene.2016.12.018
https://doi.org/10.1016/j.gene.2016.12.018
https://doi.org/10.2174/2772432817666220520085719
https://doi.org/10.3892/etm.2022.11279

Methylation of a group of microRNA genes as a marker Vitaliy I. Loginov,
for the diagnosis and prognosis of non-small cell lung cancer etal.

06 aBTOpax

JlorunoB Burtanuii UropeBud4, k.0.H., BEAyIINi Hay4HBI COTPYIHHUK JIAOOPATOPHH MATOTEHOMUKH W TpaHCKpuntomukn, OI'BY
«Hay4Ho-uccnenoBarenbCKuil HHCTHTYT o0mIel maronorud U naropusuonorum» (125315, Poccus, bantuiickas yiu., 1. 8); crapmmit
HAy4YHBII COTPYIHHK JTaOOpaTOPHH MOJEKYISIPHON T€HETHKH CIOKHO HaciemyeMmbix 3aboneBannii, DI BHY «Menuko-reHeTndeckuit
Hay4HbII HeHTp nMeHn akagemuka H.I1. BoukoBa» (115522, Poccusi, Mockaa, yn. MockBopeuse, 1. 1). E-mail: loginov7w(@gmail.com.
Scopus Author ID 7102884943, SPIN-kox PMHLI 6249-5883, https://orcid.org/0000-0003-2668-8096

I'y6enxko Mapuna CepreeBHa, MIAIIINA HAy4YHBIA COTPYOHUK JabopaTropuy MATOTEHOMUKH U TpaHckpunrtomuku, OI'BY
«HayuHo-uccrnenoBarenbckuii HHCTUTYT 00miel maronoruu u mnarodusuonorum» (125315, Poccust, banruiickas yiu., 1. 8). E-mail:
artz_marina@mail.ru. SPIN-kox PUHL] 4992-7397

Bypnénnsrii Auexceii Muxaiisiopuy, k.0.H., BeyIUi HaydHbIH COTPYIHUK JJaOOpaTOPHU MATOTEHOMHKH U TpaHCkpuntomuku, PI'BY
«HayuHo-uccnenoBarenbckuii MHCTUTYT o0miedl maroioruu u natodusuonorun» (125315, Poccus, bantuiickas yn., a. 8); muani-
NI HAY4HBIH COTPYIHUK Ja0OpaTOpHy XUMUYECKOH (u3ukn Onoanamutnueckux npoueccoB, ®I'BYH «HCTUTYT OMOXUMHUYECKON
¢m3ukn um. H.M. Dmanyans Poccniickoii akagemun Hayk» (MBOX PAH) (119334, Poccusi, Mocksa, ya. Koceiruna, 1. 4). E-mail:
burdennyy@gmail.com. Scopus Author ID 56049452900, SPIN-kox PVHLI 4429-4288, https://orcid.org/0000-0002-9398-8075

Iponuna Upuna BanepseBHa, K.0.H., NIABHBII CIICHUAIMCT OTAEINA JOIMUHIOBOrO KOHTpPOJIs, HanoHanpHast aHTHONMHIOBasI J1a00-
paropust (MHCcTUTYT), MOCKOBCKHIA rOCYIapCcTBEeHHBIH yHIBEepcuTeT uM. M.B. Jlomonocogra (105005, Poccusi, Mocksa, EnmnzaBeTuHckuii
nepeynok, a. 10, crp. 1); crapimmii Hay4qHBIH COTPYAHHK J1aO0paTOpPUY MaToreHoMUuKH U Tpanckpunromuku, ®I'BY «Hayuno-nuccieno-
BaTeIbCKUN MHCTUTYT 0OmIel matonoruu u narodusnonorun» (125315, Poccus, bantuiickas yi1., n. 8). E-mail: zolly sten@mail.ru.
Scopus Author ID 8161867200, ResearcherID G-3951-2014, ResearcherID ABD-8018-2021, SPIN-kox PUHIL 5706-2369, https://orcid.
org/0000-0002-0423-7801

Moctaukos IlaBea BuktopoBud, K.X.H., HAYaJIBHUK OT/eNa JOMUHIOBOTO KOHTpOJs, HarmonansHast aHTHIONMHTOBAsSI JIAOOPaTOpHs
(MuctutyT), MockoBckuit rocynapcTBeHHbli yauBepcuteT uM. M.B. Jlomonocosa (105005, Poccns, Mocksa, Enm3aBeTnnckuii nepe-
yaok, 1. 10, crp. 1). E-mail: postnikov@dopingtest.ru. Scopus Author ID 57021610900, SPIN-kox PUHII 7251-9937, https://orcid.
0rg/0000-0003-3424-0582

Edumona IOQmms AllekcanapoBHA, K.X.H., JOICHT Kadenpbl aHanuTiudeckoi xumuu uMm. W.I1. Anumapuna, MTHCTUTYT TOHKAX XUMH-
yeckux TexHoioruit um. M.B. Jlomorocosa, ®I'BOY BO «MHUPDA — Poccuiickuii TexHonmorndeckuii yausepeuret» (119571, Poccens,
Mockaa, ip-T Beprazckoro, 1. 86). E-mail: efimova_yulia@bk.ru. Scopus Author ID 25228417800, https://orcid.org/0000-0002-3582-
0012

Panyc ®enop BanepbeBuy, accucteHT kKadeapsl ananutudeckoi xumuu um. M.I1. Annvapruna, MHCTHTYT TOHKHX XMMHUYECKUX TEX-
Honoruit mM. M.B. Jlomonocosa, ®I'bOY BO «MUPDA —Poccuiickuii TexHonornueckuii yausepcurer» (119571, Poccus, Mocksa,
np-T Beprazackoro, 1. 86). E-mail: radus20@mail.ru. Scopus Author ID 57890564100, https://orcid.org/0000-0003-0938-9609

Mouanosa Enena CepreeBHa, HCIIONHAIOMUI 0053aHHOCTH AupekTopa HanmonansHOH anTHI0NUMHTOBOH 1aboparopuu (MHCcTUTYTA),
MockoBckuii rocynapcTBeHHbli yHuBepcuTeT uM. M.B. Jlomonocosa (105005, Poccusi, Mocksa, EnnzaBetunckuii nepeynok, 1. 10,
ctp. 1). E-mail: mochalova@dopingtest.ru.

Ka3y6ckas Tarbsina [1aBiaoBHA, 1.M.H., Bpa4-OHKOT€HETUK, CTAPIIUI HAYYHBIA COTPYAHUK J1a00PaTOPUN KITMHUYECKONH OHKOTCHETHUKH,
DI'BY «HanuonanbHbI MEIUIIMHCKUI UCCIIeA0BaTEeIbCKUI eHTp oHkojoruu umenu H.H. bioxuna» MunucrepcTBa 3apaBooxpaHe-
Husi Poccuiickoit @eneparmu (115478, Poccust, MockBa, Kammpcekoe moccee, a. 23). E-mail: oncogenS@ronc.ru. Scopus Author 1D
6602563950, ResearcherID F-9084-2019, SPIN-kox PUHI 5224-5820, https://orcid.org/0000-0001-5856-0017

Translated from Russian into English by V. Glyanchenko
Edited for English language and spelling by Thomas A. Beavitt

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2024;19(3):232-239 239


mailto:loginov7w@gmail.com
https://orcid.org/0000-0003-2668-8096
mailto:artz_marina@mail.ru
mailto:burdennyy@gmail.com
https://orcid.org/0000-0002-9398-8075
mailto:zolly_sten@mail.ru
https://orcid.org/0000-0002-0423-7801
https://orcid.org/0000-0002-0423-7801
mailto:postnikov@dopingtest.ru
https://orcid.org/0000-0003-3424-0582
https://orcid.org/0000-0003-3424-0582
mailto:efimova_yulia@bk.ru
https://orcid.org/0000-0002-3582-0012
https://orcid.org/0000-0002-3582-0012
mailto:radus20@mail.ru
https://orcid.org/0000-0003-0938-9609
mailto:mochalova@dopingtest.ru
mailto:oncogen5@ronc.ru
https://orcid.org/0000-0001-5856-0017

