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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, MIR125В-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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Аннотация
Цели. Рак легкого представляет собой гетерогенное злокачественное новообразование с низким диагностическим потенциалом, 
характеризующееся бессимптомным течением вплоть до поздних стадий, высокой частотой неблагоприятных исходов и высо-
кой вероятностью метастазирования. Его самой распространенной формой является немелкоклеточный рак легкого (НМРЛ). 
Последние исследования показывают значительную роль некодирующих РНК, в частности, микроРНК, в развитии НМРЛ. 
МикроРНК выполняют функцию пост-транскрипционных регуляторов экспрессии белок-кодирующих генов, в том числе, свя-
занных с онкогенезом, и вовлечены в процессы пролиферации, дифференцировки и апоптоза клеток. Одним из путей регуляции 
экспрессии самих микроРНК является изменение метилирования CpG-островка, прилежащего к гену микроРНК или перекры-
вающего его. Показано, что гены микроРНК в несколько раз чаще подвергаются метилированию, чем белок-кодирующие гены. 
Целью настоящего исследования являлось изучение изменения уровня метилирования ряда генов микроРНК и составление 
потенциальной панели маркеров для диагностики и прогноза НМРЛ.
Методы. Образцы опухолей НМРЛ собраны и клинически охарактеризованы в НИИ клинической онкологии Национального меди-
цинского исследовательского центра онкологии им. Н.Н. Блохина. Высокомолекулярную ДНК выделяли из ткани стандартным мето-
дом. Анализ уровня метилирования проводили с применением бисульфитной конверсии ДНК и количественной метилспецифичной 
полимеразной цепной реакцией с детекцией в реальном времени. Для оценки значимости различий между исследуемыми группами 
применяли непараметрический критерий Манна–Уитни для независимых выборок. Различия считали достоверными при p < 0.05.
Результаты. В результате анализа уровней метилирования генов микроРНК нами было показано значимое (p < 0.05) увели-
чение уровня метилирования восьми генов микроРНК: MIR124-1/2/3, MIR125В-1, MIR129-2, MIR137, MIR375, MIR1258, 
MIR339 (p < 0.01, FDR ≤ 0.25). Был проведен ROC-анализ, позволивший предложить панель маркеров для диагностики НМРЛ 
по характеру метилирования исследованных генов микроРНК в опухоли и норме.
Выводы. Полученные нами результаты способствуют пониманию молекулярных механизмов развития НМРЛ и могут быть 
использованы при разработке новых диагностических и прогностических подходов в клинической онкологии.
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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 (Thermo 
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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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 software1. 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  https://soware.ru/products/ibm-spss-statistics. Accessed March 6, 2024.

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, MIR124-2, MIR124-3, MIR125B-1, 

Table. Clinicopathological characteristics of the studied samples

Clinicopathological parameter Total number, N = 70 %

Histologic type
Squamous cell lung cancer 39 55.7

Lung adenocarcinoma 31 44.3

Tumor stage

I 14 20.0

II 28 40.0

III 20 28.6

IV 8 11.4

Degree of differentiation

G1 6 8.6

G2 35 50.0

G3 29 41.4

Tumor size

T1 11 15.7

T2 35 50.0

T3 13 18.6

T4 11 15.7

Lymphatic metastasis
N0 29 41.4

N1 41 58.6

Distant metastasis
M0 62 88.6

M1 8 11.4

https://soware.ru/products/ibm-spss-statistics
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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, 

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 
(p < 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: MIR125B-1, MIR1258, and MIR339 
(sensitivity Se = 92.7, specificity Sp = 85.8, area under 
the curve AUC = 0.967, p < 10−5) (Fig. 2a). The potential 
prognostic panel consists of four markers: MIR124-3, 
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Fig. 1. Changes in the methylation level of ten microRNA genes in 70 paired tumor samples and histologically unchanged lung tissue 
in NSCLC
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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 MIR1258 (Se = 98.9, 
Sp = 94.5, AUC = 0.968, p = 1 ∙ 10−6) (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].

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, I.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.

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/s12935-023-02990-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/
s43042-022-00316-7

 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 V.I., Rykov S.V., 
Fridman M.V., Braga E.A. Methylation of miRNA  
genes and oncogenesis. Biokhimiya. 2015;80(2):184–203 
(in Russ.).]

 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., et 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.I., Burdennyy A.M., 
Filippova E.A., Pronina I.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 ]

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


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

Methylation of a group of microRNA genes as a marker  
for the diagnosis and prognosis of non-small cell lung cancer

Vitaliy I. Loginov, 
et al.

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, 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: 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

10. Loginov V.I., Pronina I.V., Burdennyy A.M., Filippova E.A., 
Kazubskaya T.P., Kushlinsky D.N., Utkin D.O., 
Khodyrev D.S., Kushlinskii N.E., Dmitriev A.A., 
Braga E.A. Novel miRNA genes deregulated by aberrant 
methylation in ovarian carcinoma are involved in metastasis. 
Gene. 2018;662:28–36. https://doi.org/10.1016/j.
gene.2018.04.005

11.  Klochikhina E.S., Shershov V.E., Kuznetsova V.E., Lapa S.A., 
Chudinov A.V. Specificities of multiprimer polymerase 
chain reaction optimization for the detection of infectious 
pneumonia agents in human. Tonk. Khim. Tekhnol. = Fine 
Chem. Technol. 2021;16(3):225–231 (Russ., Eng.). https://doi.
org/10.32362/2410-6593-2021-16-3-225-231 

12. Pronina I.V., Loginov V.I., Burdennyy A.M., Fridman M.V., 
Senchenko V.N., Kazubskaya T.P., Kushlinskii N.E., 
Dmitriev A.A., Braga E.A. DNA methylation contributes 
to deregulation of 12 cancer-associated microRNAs and 
breast cancer progression. Gene. 2017;604:1–8. https://doi.
org/10.1016/j.gene.2016.12.018

13. Shanehbandi D., Asadi M., Seyedrezazadeh E., Zafari V., 
Shekari N., Akbari M., Rahbarnia L., Zarredar H. MicroRNA-
Based Biomarkers in Lung Cancer: Recent Advances and 
Potential Applications. Curr. Mol. Med. 2023;23(7):648–667. 
https://doi.org/10.2174/2772432817666220520085719

14. Xu L., Huang X., Lou Y., Xie W., Zhao H. Regulation of 
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

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


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

Methylation of a group of microRNA genes as a marker  
for the diagnosis and prognosis of non-small cell lung cancer

Vitaliy I. Loginov, 
et al.

Об авторах
Логинов Виталий Игоревич, к.б.н., ведущий научный сотрудник лаборатории патогеномики и транскриптомики, ФГБУ 
«Научно-исследовательский институт общей патологии и патофизиологии» (125315, Россия, Балтийская ул., д. 8); старший 
научный сотрудник лаборатории молекулярной генетики сложно наследуемых заболеваний, ФГБНУ «Медико-генетический 
научный центр имени академика Н.П. Бочкова» (115522, Россия, Москва, ул. Москворечье, д. 1). E-mail: loginov7w@gmail.com. 
Scopus Author ID 7102884943, SPIN-код РИНЦ 6249-5883, https://orcid.org/0000-0003-2668-8096
Губенко Марина Сергеевна, младший научный сотрудник лаборатории патогеномики и транскриптомики, ФГБУ 
«Научно- исследовательский институт общей патологии и патофизиологии» (125315, Россия, Балтийская ул., д. 8). E-mail: 
artz_marina@mail.ru. SPIN-код РИНЦ 4992-7397
Бурдённый Алексей Михайлович, к.б.н., ведущий научный сотрудник лаборатории патогеномики и транскриптомики, ФГБУ 
«Научно-исследовательский институт общей патологии и патофизиологии» (125315, Россия, Балтийская ул., д. 8); млад-
ший научный сотрудник лаборатории химической физики биоаналитических процессов, ФГБУН «Институт биохимической 
физики им. Н.М. Эмануэля Российской академии наук» (ИБФХ РАН) (119334, Россия, Москва, ул. Косыгина, д. 4). E-mail: 
burdennyy@gmail.com. Scopus Author ID 56049452900, SPIN-код РИНЦ 4429-4288, https://orcid.org/0000-0002-9398-8075
Пронина Ирина Валерьевна, к.б.н., главный специалист отдела допингового контроля, Национальная антидопинговая лабо-
ратория (Институт), Московский государственный университет им. М.В. Ломоносова (105005, Россия, Москва, Елизаветинский 
переулок, д. 10, стр. 1); старший научный сотрудник лаборатории патогеномики и транскриптомики, ФГБУ «Научно-исследо-
вательский институт общей патологии и патофизиологии» (125315, Россия, Балтийская ул., д. 8). E-mail: zolly_sten@mail.ru. 
Scopus Author ID 8161867200, ResearcherID G-3951-2014, ResearcherID ABD-8018-2021, SPIN-код РИНЦ 5706-2369, https://orcid.
org/0000-0002-0423-7801 
Постников Павел Викторович, к.х.н., начальник отдела допингового контроля, Национальная антидопинговая лаборатория 
(Институт), Московский государственный университет им. М.В. Ломоносова (105005, Россия, Москва, Елизаветинский пере-
улок, д. 10, стр. 1). E-mail: postnikov@dopingtest.ru. Scopus Author ID 57021610900, SPIN-код РИНЦ 7251-9937, https://orcid.
org/0000-0003-3424-0582
Ефимова Юлия Александровна, к.х.н., доцент кафедры аналитической химии им. И.П. Алимарина, Институт тонких хими-
ческих технологий им. М.В. Ломоносова, ФГБОУ ВО «МИРЭА – Российский технологический университет» (119571, Россия, 
Москва, пр-т Вернадского, д. 86). E-mail: efimova_yulia@bk.ru. Scopus Author ID 25228417800, https://orcid.org/0000-0002-3582-
0012
Радус Федор Валерьевич, ассистент кафедры аналитической химии им. И.П. Алимарина, Институт тонких химических тех-
нологий им. М.В. Ломоносова, ФГБОУ ВО «МИРЭА –Российский технологический университет» (119571, Россия, Москва, 
пр-т Вернадского, д. 86). E-mail: radus20@mail.ru. Scopus Author ID 57890564100, https://orcid.org/0000-0003-0938-9609
Мочалова Елена Сергеевна, исполняющий обязанности директора Национальной антидопинговой лаборатории (Института), 
Московский государственный университет им. М.В. Ломоносова (105005, Россия, Москва, Елизаветинский переулок, д. 10, 
стр. 1). E-mail: mochalova@dopingtest.ru. 
Казубская Татьяна Павловна, д.м.н., врач-онкогенетик, старший научный сотрудник лаборатории клинической онкогенетики, 
ФГБУ «Национальный медицинский исследовательский центр онкологии имени Н.Н. Блохина» Министерства здравоохране-
ния Российской Федерации (115478, Россия, Москва, Каширское шоссе, д. 23). E-mail: oncogen5@ronc.ru. Scopus Author ID 
6602563950, ResearcherID F-9084-2019, SPIN-код РИНЦ 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

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

