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AHHOTAUNA

Bgedenue. Pak nerkoro ABNAETCA CaMblM PacnpOCTpPaHEHHbIM 3710KaYecTBEHHbIM HOBOObOpa3oBaHMeM. HecMoTps
Ha 6oMbluMe [OCTUMKEHMA B TapreTHoW Tepanuu, WUMMyHOTEpanuuM U XMMMOTEpanuW, HEMESTKOKNETOUHbIA paK Nerkoro
OCTAeTCA OCHOBHOWM MPUYMHOM CMEPTM OT paka BO BCEM Mupe. PasBuTME OMyXONM — CIOMHBIA MpOLECC, Ha KOTOPbIi
MOrYT BAMATL KaK (aKTOpbl OKPYHaloLLei cpefbl, TaK M FEHETUYECKAA NPeapacnofOEHHOCTb. XOTA OHKOreHHble (aKTopbl
LUMPOKO M3YyYeHbl, OCHOBHbIE MEXaHU3Mbl, CNOCOOCTBYIOLLME OHKOTEHE3Y, B HACTOALLEE BPEMA OCTAIOTCS HEBbIACHEHHBIMU.
TakuM 06pasoM, UccnefoBaHUA OHKOTEHHbIX MEXaHU3MOB, B T. Y. C BOBNEYEHUEM MUKPOPUOOHYKNenHoBoM KncnoTbl (MUPHK)
ABNAITCA BarKHbIMW [/1A AMArHOCTUKM W JIeYEHUA 3710KaYeCTBEHHbIX HOBOOOpasoBaHMiA. MUPHK — 3to Knacc Manmbix
HEKOAMPYIOLLMX PUBOHYKNEMHOBBIX KUCTIOT, KOTOPble Y4acTBYIOT B pa3HO0bpasHbIX KIETOUHbIX BMOMOrMYecKMX npoueccax,
BK/IIOYaA 3NUTENMAbHO-Me3eHXMMalbHbIA Mepexos, anomnTos3, nponvdepaumio, MHBasUIo M MeTacTasvpoBaHME PaKOBbIX
KneToK. B HepaBHo ony6mMKoBaHHbLIX paboTax MOKa3aHo, YTO XapaKTep TEYEHUA OHKOMOTUHYECKOro 3aboNeBaHUA MOMKHO
CMpOrHoO3MpOoBaTh NyTEM aHanm3a ypoBHs 3Kcnpeccum Hekotopbix MUPHK. TakmuM obpasoM, MUPHK fBRAoTcA nepcnekTUBHOM
AVarHOCTUYECKOW Y TepaneBTUHECKOM MULLIEHBIO NPY OHKONOrMYECKMX 3ab0NeBaHMsX.

3aknioyeHue. B HacToALweM 0630pe 0606LLEHbI JaHHbIE O POIN B KaHLEPOreHe3e M NMPOrHOCTUYECKOW 3HAYMMOCTH
paga MUPHK: MMPHK-128, MuPHK-4500, MUMPHK-222, MMPHK-224, MUPHK-124, MWPHK-1256, MMPHK-127, MMPHK-129-2,
MUPHK-137 1 MMPHK-375, — npu HeMenKOKNEeTOUHOM paKe Nerkoro.
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ABSTRACT

INTRODUCTION: Lung cancer is the most common malignant neoplasm. Despite advances in target therapy,
immunotherapy, and chemotherapy, non-small cell lung cancer remains the major cause of cancer-related death worldwide.
Tumor development is a complex process that depends on the influence of environmental factors and genetic predisposition.
Although oncogenic factors have received much attention, the main mechanisms for oncogenesis are still poorly understood.
Thus, studying the oncogenic mechanisms, including those with the involvement of microribonucleic acid (microRNA),
is important for the diagnostics and treatment of malignant neoplasms. MicroRNA (miRNA) belong to the class of small
non-coding ribonucleic acids that are involved in various cellular biological processes, including epithelial-mesenchymal
transition, apoptosis, proliferation, invasion, and metastatic dissemination of cancer cells. Recent publications show that the
course of the oncological disease can be predicted by evaluating the expressions of some miRNAs. Therefore, miRNAs serve
as promising diagnostic and therapeutic targets in oncological diseases.

CONCLUSION: This review summarizes data on the role in carcinogenesis and prognostic significance of several miRNA
(i.e., miRNA-128, -4500, -222, -224, -124, -125b, -127, -129-2, -137, and -375) in non-small cell lung cancer.

Keywords: microRNA; miRNA; non-small cell lung cancer; carcinogenesis; diagnostic significance; prognostic significance

For citation:
Gubenko MS, Loginov VI, Burdennyy AM, Pronina IV, Khokhlova SV, Pertsov SS. Role of Microribonucleic acid in the Carcinogenesis of Non-Small-Cell
Lung Cancer. I.P. Pavlov Russian Medical Biological Herald. 2022;30(1):123-131. DOI: https://doi.org/10.17816/PAVLOVJ71395

Received: 09.06.2021 Accepted: 23.07.2021 Published: 31.03.2022
V-2
ECOeVECTOR The article can be use under the CC BY-NC-ND 40 license

© Authors, 2022


https://creativecommons.org/licenses/by-nc-nd/4.0/

Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK

HAYYHBIE OB30PHI Tom 30, N° 1, 2022 YMeHv akademmra V. MNasnosa

DOI: https://doi.org/10.17816/PAVLOVJ71395

Mi croRNAFE AR /)N g fir e Joe: 22 v ()4 9T 9T

Marina S. Gubenko'*“, Vitaliy I. Loginov', Aleksey M. Burdennyy', Irina V. Pronina’,
Svetlana V. Khokhlova?, Sergey S. Pertsov®

! Institute of General Pathology and Pathophysiology, Moscow, Russian Federation;
2 National Medical Research Center of Obstetrics, Gynecology and Perinatology named after academician V. I. Kulakov, Moscow, Russian Federation;
3 P. K. Anokhin Research Institute of Normal Physiology, Moscow, Russian Federation

i 2

LEi0 . R A LR R . R AERE R YT . iR T AT 5 TS T EORHERE, (HAR
/NG B S AT SR A B AEAE T A 2 B R bR R 8 — N BRI RE, W] R PR PR SR R A%
Gy AL . BEAREUR R T O iz AT, (SRR B AT A E R . B, BEFA SR
RNA (miRNA) £ P S0 HL ] X A A8 iR 2 W e 7 B B2 3o S/ PRNASE —J/ A AR 2 i A%
WK, Z52MaAEy Al OREMRMRK -, T, BE, RBMERE.
BOL R SCR ], T LI I 73 A1 — L4500 RNA B R T /KR T e e A A . RIE, AR/ RNASE —
AMBA BT 1912 W AR I R0 ) H 5 o

Ziit: ARLERRGES T — SERU/INRNATE /N e o RO B0 A AT & L miR-128 miR-4500
. miR-222, miR-224. miR-124. miR-125b. miR-127. miR-129-2. miR-137HImiR-375,

RBEIA: fYU/NRNA; miRNA; AR/l BUBIEM: 2B SG TURIE X

For citation:
Gubenko MS, Loginov VI, Burdennyy AM, Pronina IV, Khokhlova SV, Pertsov SS. Role of Microribonucleic acid in the Carcinogenesis of Non-Small-Cell
Lung Cancer. .P. Pavlov Russian Medical Biological Herald. 2022;30(1):123-131. DOI: https://doi.org/10.17816/PAVLOVJ71395

Received: 09.06.2021 Accepted: 23.07.2021 Published: 31.03.2022

DOl https://doi.org/10.17816/PAVLOVI71395

125



126

REVIEWS

B T 2%

DNA — Jid SEAZ A A R
miRNA — 74/]NRNA
mRNA — {5 (A% B R

25

it 8 A R UL A M B . RO AR SR A YR
I RIEIRIT AT TS T E Rt R, H
e/ NYH Mo s (NSCLC) AR 2 4 BRI RE AE T 1Y
FEJFER

R R B R — AN E R, W2 A
F AL G YRR . BAREUR R T O
WEge, (HIEEZEERNE B R mAERE . R,
BF AL FE 14 /NRNA (miRNAD 7 P [ 350088 ML 1) 5o 5%
P R 2 W AR T A EEE Y.

H B2 43 B Al s 45 — e mi RNA s 7E 3F /N 4 i
Jii g 1) 250 AN TS B AE 5L : miR-128
. miR-4500. miR-222. miR-224. miR-124
. miR-125b, miR-127. miR-129-2. miR-137F1
miR-375.

19934F, MViktor AmbrosoviilS ) — 4Lt
FANREREDI ToiRNAL1] . BRAE N B R4 h
DAME T KZ12700 M miRNAs, BT %30%
HIJE R B ThRE: E A1 EmiRbase. org ) E ¥ 7
BAIA . IEHE SRR, miRNAZH T Ak
M2t fe, BfFRBAE. st B5H
FYET:[2, 3]

20024F, HG. CalinZR4i S —Hp %
FAUESE T A/ NRNARD b8 i 72 2 (B AR B R . ik
118 RAEmiR-15afimiR-16-13&E K F R L T &= 4
KB, MM 4518, miRNAEAG & 6] A
FIThEE. BEJG, miR-15afimiR-16-1C 8% iE BH
Elxt 2 5 9l i B WS (ANXALTRICDKL) Ay T
(HSPASHIBCL2) HImiRNA. PG RE T —%
Fmi RNATESE T R R OVE FHIOBE 7S (4] . BRl, A
AN mi RNA LA 2500 sl i 5P . BU@niRNA S
WAMMEIGTE . 228, M8 AR BORT /B T v PR
K, FRHNEIANAE 40 o F0%EEm i RNA D 1 3% 14 40 A
FIAEKAITRE, (RFgEFETHES.

WER R, WAL mi RNAJE K A7 T A [F]
B 36 DR 2 X 3, B G N & F TP mi RNA FR 2 [A] [a]
FEEF A IEGAG X, £ A7 T 5 F A &1
o RAmMIRNAI AEY) R AW TR E &
BEIT (RNA) X4 AR NmiRNAWI #5554 (pri-
miRNA) AR AR AW HRNAB SEAKIN T . 1F
#itexportin 5 (XPO5) 55|44 H 21 40 i Jii
JG, BA15%k ARNase 11T (DICER) FIEMI#
VEAZ TR B AIRNAE S TR E &%) (RISC) 45
Hro REmiRNARIINRE & — MR At fE, (Ha]
R ARt ] AR HE R R M R . R 2 WA
KW, TEiEdnph el DA %2 RIDICER. DROSHAFN

Vol. 30 (1) 2022

DOl https://doi.org/10.17816/PAVLOVI71395

P Pavlov Russian
Medical Biological Herald

NSCLC — JE/INH itz
pri-miRNA — miRNA¥IZ %% L4
RNA — RFEEZIEZR

EGFR — R FAK 5244k
FRa — MEEGRSZE o

VEGF — I3 W 4K H T

AGO2FE [N 11284k . 20054F, Karube Y. %5 A%
DROSHAFIDTCER 3 K| 2 1A 11 411 1] 75 0 5 il gt 76 9
B % Pl e th 3 A id 3. Bk i AR S e T
PIA R TG K.

Bk 7 MR B & Y R AR A, A
o H B MniRNAR K. g5 R E, Xy
AEMREIRE P T RA 5] Fale, PRk
B, T4 S SOROSHARIDICERK P F %, A
T 5 500 2 B P md RNAYE 12 (R #0061 6]

JUEE A2 W) g A B A m RNA T e 0% P 1) 32
M, SRR, BT E B EUE i RNA
& ESEMMIT] . BREER DN FEE
miRNAZR IR WO I 2 Fh 2 4F,  FEAO T 405 e
HmiRNA.

PLR & —Se 7 JE /NI i il e & A b R 4 B
F FH itmi RNA P B8 15 S o

miRNA-128

MiRNA-128% 5 I - i ik, WL %
Folr B0 5 S A 3R b R 2 K, R S A A
ToRI4r 46 (8] . MUk, miRNA-1287E4h E e
F 20 M BE E [9], 78 HE /)N 40 i Mt g v BH W 248 P
JERAL10] . MiRNA-1283% 3k ) 3 il 1 B 5 155 Y
RAEKREF (VEGF) FRiERIHE M, M 'S 8o
ML e, [FK, miRNA-128id % 1A niE
I AE ] FNIK21% 5l e 40 f 98 1« NEK2 2 A&
TR R — 01, R4 L 56E 2300
RFNIMAER:[11], HdockiE 4, HidxiA
59595 B 23 AN RS A ¢ [12] . D Zhao
s NI 9T 45 R B, miRNA-128 @it B4 /EH
FNIMA-AH BB 2 (e o i A Pl = B R
B, miRNA-128RE% 4l o8 T, FERT
T AR HBax. Zf#caspase-3F1Bcl-2/1%#
i5. FE, NEK2/E AymiRNA-1287E fiti % 41 o o (1)
A8, NEK2 #9320 n] B 1Emi RNA- 12842 I T2 1F
FRIZRI13] . I, NEK2AEJIEG T & —14
B TIE PG T #E .

miRNA-4500
MiRNA-4500 F K I % A s i & 90 7 2R
H i & %1miRNA-4500 (1 16 MZEBR4H Ak, 7T
1359t ik ., Zhang L. ZE ANUEB, dE/b4H
o it 9 it 25 25 Fhm i RNA-4500 1 &5 84K T 1F 3 41
Mo MiRNA-4500 I 7K ~F 28 28 38 ek 52 v JHC 4 2
[RILIN28B. NRASHISTAT3HImRNA, ¢ 3 fif 8 1)
AK(14]. f£Z.  LiZE NBIERASN TAEF, K3
miRNA-4500Z 5416 5E . 1T/ . REMFT.




HAYYHBIE OB30PHI

R, FRATEH L5, miRNA-45007E JE /N4 i fil
JE I R ORI RIEER, &N E AR
B2 W A3 As S [15] .

miRNA-222

], miRNA-222%E ] AE 75 5 b R 1 B0 5
a8 MO A e EL R AR L Ak AL (160 . i — 2D Y
WFFE R M), miRNA-222-3pit i 41 i) i 3% 32 4
a (ERa) fRitEMAERMZE. HZEHCD
2R W], miRNA-222-3p [ /K RIE 5K ER
e [17 1A/ 20 i i e [18 ] 11 8 &= k9 Re I
[B]AH G, I HL I i 40 i) i e #0057 BBC3 5 AF
/N 20 6 e PO 965 AT A R AR 9K . MiRNA-222-3p/
BBC3AHH ELAF F I A4 2 A s itk — 2Bt gt . R
) AN RAL EATT I D BE & PR AT B ER AR AR /N 20
fifi 9 PR A I LR o

miRNA-224

Jep JE A, R DR MR i . XA A
KEINEEM 4 T 4EmiRNA-224. Sk, fE
FH 5 RIAE AR RE B B e T8 R 1 B AR 2R
FF 2, miRNA-2247F VF 22 SEAR B8 A 4 0s
AL FE AT Mg (19] A FLIE [20] o AR, miRNA
0 EE TR B vk TSR 3L R, il an,  7E AT 8 R
i, M EEIELRIAPTS. SMAD4. PHLPP1. PHLPP2
FIRKIPHImRNAH EAE B, EAESEUE/ER, m
EEEEL P TPD52 M /B8R TRIBLAH ELAE B, B A4
FEAEF [21] . AT NmiRNA-224 = /K7 £k
HIgam 4 MmEA RA K. 2R, HER
FKmiRNA-224 1) i R IE 5 Tl 5 B I AE 22 [22]
o MEEEEMRE, niRNA-224 15T Rk i@ 540
FERI TNFATP1FMISMAD4 [ mRNAKH EAFE F, {2 i3k i
JE AT R . R . 15 3 1R %
miRNA-2247E il i3k R AN R T I AR, X
HWang H. et al. FI&5R—5[23]. Kk, &K
KemiRNA-224 11 R 2 Wi vl BE 2 i e il BB 35 &
VAT R MG AT B — R 7S T v

miRNA-124-3p

MiRNA-124-3pfERFHATH =FF
s MIR124-1 (8p23.1). MIR124-2 (8ql2.3)
FIMIR124-3 (20q13.33), JE#P2H 2 4y
e 2 Rk AR R F, EME R4
ZIRyE IR R IE . MiRNA-1243 34 B0 76 4 2 2%
TP o R A AR L, B R AR /N 40 B i [24]
o MiRNA  124a-37EJE /N ffo fili Jeg wp i) 22 A £
¥E: TXNRD1. LHX2. MGAT5. STAT3%:, L
JE R AR AT BUR PR O . B, Q.
YangZF N 1 — T 78 1) 45 S 2 B, miRNA-1247E
A /)N 24 i i e 4 i A 2L 23 o ) % 0k AR AT PRI
51HX2 (LIM-homeobox, domain 2) FRIEE
R, TLHX27E 35 /)4 i A 68 20 B A 2L 23 A i)
FaEMN. EAEENE, miRNA-1247EA549F
H1299 40 B bk b (43 3R 0 4] 1 400 Jf Fey e #2 A

Tom 30, N2 1, 2022

DOl https://doi.org/10.17816/PAVLOVI71395

Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK
yMeHn akagemuka W1 [1asnosa

R ST AWEFTEE BAESEmiRNA-124 5 Rk A1/
Y LHX 230 ER 7T BE W 3 JE /N 41 B i e 42 £t —
16T R [25] .

AN, miRNA-1245 Z Fh e i 24 46 O,
AFE B 26 AR [27], X BREETH
1] g AN~ £, T 22 J2% 71 467 0 5% A2 Tl V MG AT 5 8 3
PImRNAZR K, 52 W g 40 i 1 % 7 Rk T
TN S [28], fECai  J.ZACHWRE
B, miR-124-3p3ik M)Wk & vl #1#|FGF2-EGFRiE
P, BT I R A 0 8% 26 i 2 0 iU PE [29]
o R, miRNA-124-3p /& i i v6 ¥7 b v B i
25 VAR IR T 50 55

miRNA-125b

MiRNA-125b7E N K EF A+ H WA AL
A MIR125B1 (11g24. 1) fIMIR125B2 (21q21. 1)
o IXBEILA B RFAE R AES g AN 1L 15000 A% 1
P& [ 7 fE7E —ANCpG &Y . MiRNA—125b7F 4 45 o
28 [30] A i [31] IR BG40 Mo i) A2 2s A 4k
RIFEEAEH . AR E MM B, miRNA-125b
Al L4 A AR 22 L FE ., DA ARE T . 4o
U1, miRNA-125  b1pyidFiAHH] 7 S1PR1FE A
miRNAFPJZRIE, 1 A /N2 At 4 A 1) 48
fRZEHILFL . 1Z%mi RNAF I I DR BL 45 8 T2 AR S FE A
BAK1. MCL1. BCL2. STRTAI 400 R4 7%
(KL R TPS3INPL. MMP13. KLC2. th4h, Jiises 5
FAIT MRS I 2% HmiRNA-125b7K F 5 T A 4%
ZARIT G . XK AIEHAmiRNA-125b 1] LA
PUMIE Va7 TS LE AR £ [32] .

miRNA-127

MiR-127F A EH T 14932, 247 £, 45
miRNA-127, 25145 Il poAH o0 3 K] i) 2Rk,
LTS, 2R, niR-1275t
FiEmEN S5EEKEMA P K4, SKY. BCL6
A EAER, P06 S e FUIRE . R B4 i R
S B 25 PR 2 P G B, EL DR B R . 4 e ST R
M2 2833, 34] . HFEK, R EHNIR-
127RIEM B0 5k B 45 5 e il <, B
e 3 . BRI, miR-1278E a] BLAVE A 30 ) 3
A, WafI/ENERR ., 7EShi L. 2 AKIFFR
L, miRNA-127iE RZA MRS, HFEAR
5 G HHOC . MiRNA-127 328328 7K S 1 388 -5 B0 2
M b iz e A [ ] 78 R T BB e R, IX R
2 55 20 o 1A 0K 1 H B DA R %o 3 B AR K TR - =2 Ak
(EGFR) 0l 50 it 24 M 36 hn G 5% . Al e, F)
miRNA-127 ) KA BRI L X Pl 36 AR . 7 [F] R
RE7E S, KRBT B s, AFENF-kB (#%
3 F-kB) « miRNA-127F1TNFAIP3 (g i
W7 o i SEASERD) , EEMERR4AT
XFZ B MR b -1 e [35] . Rk, X
WEF I T — Mo FHLH, B Tai. %
g%ﬂ*@@ﬁﬁ%é%@ﬂ% NREEREIRIT T RE T Hr
Ja] HEE .

127



128

|.P Pavlov Russian

REVIEWS Vol 30 (1) 2022 Medical Biological Herald
miRNA-129-2 R, IR, A S R LA

MiRNA-129-2 LRI AL s 11pll. 2 (F2 3
[K—EST) Fx. MiRNA-129[F) 35 7E & Fh2k AU
(g v S5 f ), B HE Il e (36, T AR AR
DX 55 BE 20 B gRg P, miRNA- 129383 38 m 7 [37]
o TEfifi MR8 40 B B 7R R i 3 il RIAMIR129-2
RS A LG /SHIE IR, B 40 sE
o, HIFEE, 1Z%miRNAKIHE S 2Cdk6. JE/D
2 i i e 152 28 B B 18 0 4 ) ML AT AR A5 B 7S
SEIWEF . B, miRNA-129% A /KFEE T
B, T R Ak M EGFRAIMMP 9 28 [ 7K °F & 3 7+
. HARIEIE R AU, 55T AR /N 4 P it g
R 75N 4R B ARAS A9 R HE 7 b R B, FH
W 41 i 43 28 FAE #% (1 AT BE AL 1) A 8 Gk 00 a) A
K SOX4 I miRNA-129%E FERNA (mRNA) [387,
., miRNA-129. EGFR. SOX4FIMMPO{LF &4
A S TR E /)N 4T o 98 % B2 VR T RE L

miRNA-137

MIR1373:H  (1p21. 3) M F AL iZE AR
MIRI3THGEEA N, CpGREFEE3FX . MIR137
FE K A B FIMIR26823E [K] o MiRNA-137 /& #H £5 41,
U AL A G B AR G B N, 2 T
REIBAEEIZEE T . MiRNA-137 3832 1404 b
NNV 2 R, CREAE N EltiE. &
WER M, miRNA-137K A KK | Cdc42
Cdk6, 5S4 AL EGLEA, S N ~-4H
foAE KB NRE[39] . EHARKIBF AR, EHIE
S TGS 40], EHARMPTIR T, &
BE B I AE B T #E 2L [AISLC22A18 (a o o,
solute carrier family 22 member 18) [
mRNAKHIHINSCLCAH B (42 22 FiL A% [41] . B E
BRI, miRNA-1377E 3 /N2 o Jiti e g 28 23
F 215 T B 5 0% g 58 3 1 ek g 0 ™ By
B mAEER I R RIS RS A [42] .

ALY (T 26 1 S B R R R . AR
M, HIEERS FHLEML 2 B0, Shen H. %5
NG R EH], miRNA-13748 3N i il i 40 23 A0
i 245 4 AR A549/ A2 BE (A549/PTX) . A549/
JBET (A549/CDDP) H R IR K FEA5499E /N
it it 9 2011 O R ARG o b A, mi RNA-137 501 78
ASA9N i B E L B Ak K. iR VA
MR G/ SR [43] . 78 5 —TWF A
b, R UEA V6 T R AR /DN 4 B A e R R 2L 4
FEA HmiRNA-137 ) 32 3k BH B 11 T {8 Fe 41 2%
Ao MiRNA-137 /23K B AE /N i fifi g 2835 18
BRAEAFZFR DAL E T niRNA- 137K R IA )
A/ o i e B AR AR . L, ARHFR Y
ZE L, miRNA-137n] 40051 A /)N 4 it il e B8
B P A A, S ko A A R . R DU
HmiRNA-137 0] B2 3F /N2 A fifieg: 28 35 M7 i R
WG R 2, B BT ARSI T SRS 1) & & .

miRNA-375
TR FPMT RS 753 K] 2 5 A8 A F) SCHR B

DOl https://doi.org/10.17816/PAVLOVI71395

Mo Wk, 755, %R R R KCP %
& 7 [44]. 7EER a +3L MR % 40 Ak ' miRNA-375
175 %k 5 4 8 (TH3K9me 2 B 38 46 B 2 FIDNA &)
TR AL A G, miRNA-375 8] 5 B g
B71E . MiRNA-3757E i i 98 A1 /0N 4 i g o 1
KXW [45] . R IHADIEZ 5T, fEIE
ANGH B T F, miRNA-3753I8 & [46] .
A, Cheng L.ZE NMIFFLE, miRNA-375
T JE /IS 40 B i g8 40 i v i R OA B PR AK, 1B
miRNA-3753 1A ] @ i fith & JE /)N 208 P it Je 20 it 0
ToH I A (47] . 55— R 2o, VEGFAI
MMP-91#) 3t %% 5miRNA-37T5 R KLk 06, X
A& FEEE/IN N i B TS AN R A
A, miRNA-3758% w] BAAE A AE /N g it i Jeg
I AEYE T 8 55, AT DAE A i e 2 1 0 4 A
YR EW)FE /N0 B il e i3S TS TR 2

250

XELEHE R B, UDRNAJE TN AR ga S 1%
WERZ IR, TE AR ST s Bl &Mt f2: IRk
B oyt 8. TS AR T I
THUMRNAS AR 2 [AFE —E MR R. C&IE
SE, fl/NRNATRT BLE A 30 s R . BUR T
/NRNAME BT o 3G B A2 28 AN I AR R, PRI 4N
MOV TSR EE, A0 oy b . FI9E LN RNAST )
JE AN AR K FNE R, (R4l R TR T

L+ ES, FEMAERELE R
*, RPB/NRNAS 5 IE /NG HE it e 10 96 42 .
HUFTE LW, —/M¥UNRNAT] DLEA 24N 355 1l
W8 A% B B8 A, T 2 AN BONRNATRT DUAE T [
— B, WAL A I, miRNA-4500. miRNA-224
. miRNA-124. miRNA-125bFImiRNA-127 25 /)N
RNA 2 i e 12 Wi A1 705 1Y) 25 b B4

TEARTTH, WA — /N5 T /NRNATE i 2 FE
fiEgct #E . AT AFITE R ORIEEEAEH . HAth
Tl ZINRNAXT HE /)N 4 i it e 114 12 W7 R0 B A2 96 7 SR s
[PIIRFE AT RE B SO A it — P50 . AR, &
Al UAS e, 78 Mt AL L Ath — S g s B
FH, UNRNASEH 5 VAT 0 .

ADDITIONAL INFORMATION

Funding. The study was performed within the Governmental Contract of
the Ministry of Science and Higher Education of the Russian Federation
for 2021.

Conflict of interests. The authors declare no conflicts of interests.
Contribution of the authors: M. S. Gubenko, V. I Loginov,
A. M. Burdennyy, I. V. Pronina — search for publications on the topic,
analysis of literature, writing the text; S. V. Khokhlova, S. S. Pertsov
— expert assessment of literature. All authors made a substantial
contribution to the conception of the work, acquisition, analysis,
interpretation of data for the work, drafting and revising the work, final
approval of the version to be published and agree to be accountable
for all aspects of the work.




HAYYHBIE OB30PHI

OuHaHcupoBaHue. ViccneoBaHye BLINOMHEHO B paMKax rocyAapCcTBeH-
HOro 3afaHunA MUHMCTePCTBA HayKy U BbicLLEro 0bpa3oBaHuA Poccuiickoi
®epepaunv Ha 2021 r.

KoHdpnukt uHTepecoB. ABTOpbI 3aABNAIOT 06 OTCYTCTBMM KOHGMKTA
VHTEPECoB.

Bknap aBTopoB: [ybeHko M. C., Jloeuros B. U., bypdeHHsiti A. M.,

CMUCOK UCTOYHUKOB

1. Yang H-W., Liu G-H., Liu Y-Q, et al. Over—expression of
microRNA-940 promotes cell proliferation by targeting GSK3beta and sFRP1
in human pancreatic carcinoma // Biomedicine & Pharmacotherapy. 2016.
Vol. 83. P. 593-601. doi: 10.1016/].biopha.2016.06.057

2. LeeRC, Feinbaum R.L, Ambros V. The C. elegans heterochronic gene
lin-4encodes small RNAs with antisense complementarity to lin-14 // Cell.
1993. Vol. 75, N2 5. P. 843854, doi: 10.1016/0092-8674(93)90529-y

3. Esteller M. Non-coding RNAs in human disease // Nature Reviews.
Genetics. 2011. Vol. 12, N2 12. P. 861-874. doi: 10.1038/nrg3074

4. JinM, Zhang T, Liu C,, et al. miRNA-128 suppresses prostate cancer by
inhibiting BMI-1 to inhibit tumor—initiating cells // Cancer Research. 2014.
Vol. 74, N2 15. P. 4183-4195. doi: 10.1158/0008-5472.CAN-14-0404

5. ChenZ, Lai T-C, Jan Y.-H., et al. Hypoxia—responsive miRNAs target
argonaute 1 to promote angiogenesis // The Journal of Clinical Investigation.
2013. Vol. 123, N2 3. P. 1057-1067. doi: 10.1172/JCI65344

6. Ho JJD., Metcalf JL, Yan MS, et al. Functional importance of
Dicer protein in the adaptive cellular response to hypoxia // The Journal
of Biological Chemistry. 2012. Vol. 287, N® 34 P. 29003-29020.
doi: 10.1074/jbc.m112.373365

7. Medina P.P., Nolde M., Slack F.J. OncomiR addiction in an in vivo model
of microRNA-21-induced pre-B-cell lymphoma // Nature. 2010. Vol. 467,
N 7311. P. 86-90. doi: 10.1038/nature09284

8. Liu H-T, Xing A-Y., Chen X, et al. MicroRNA-27b, microRNA-101
and microRNA-128 inhibit angiogenesis by down-regulating vascular
endothelial growth factor C expression in gastric cancers // Oncotarget.
2015. Vol. 6, N2 35. P. 37458-37470. doi: 10.18632/oncotarget.6059

9. Markou A, Liang Y., Lianidou E. Prognostic, therapeutic and diagnostic
potential of microRNAs in non-small cell lung cancer // Clinical Chemistry
and Laboratory Medicine. 2011. Vol. 49, N2 10. P. 1591-1603. doi: 10.1515/
CCLM.2011.661

10. Zhang R, Liu C, Niu Y., et al. MicroRNA-128-3p regulates
mitomycin C-induced DNA damage response in lung cancer cells through
repressing SPTANT // Oncotarget. 2016. Vol. 8, N° 35. P. 58098-58107.
doi: 10.18632/oncotarget.12300

11. Zeng X.C, Li L., Wen H., et al. MicroRNA-128 inhibition attenuates
myocardial ischemia/reperfusion injury—induced cardiomyocyte apoptosis
by the targeted activation of peroxisome proliferator—activated receptor
gamma // Molecular Medicine Reports. 2016. Vol. 14, Ne 1. P. 129-136.
doi: 10.3892/mmr.2016.5208

12. Liu X, Gao Y., Lu Y., et al. Upregulation of NEK2 is associated with
drug resistance in ovarian cancer // Oncology Reports. 2014. Vol. 31, N° 2.
P. 745-754. doi: 10.3892/0r.2013.2910

13. Zhao D., Han W, Liu X, et al. MicroRNA-128 promotes apoptosis in
lung cancer by directly targeting NIMA-related kinase 2 // Thoracic Cancer.
2017. Vol. 8, N2 4. P. 304-311. doi: 10.1111/1759-7714.12442

14. Zhang L., Qian J., Qiang Y., et al. Down-regulation of miR-4500
promoted non-small cell lung cancer growth // Cellular Physiology and
Biochemistry. 2014. Vol. 34, N2 4. P. 1166—1174. doi: 10.1159/000366329

Tom 30, N2 1, 2022

DOl https://doi.org/10.17816/PAVLOVI71395

Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK
yMeHn akagemuka W1 [1asnosa

[lpoHuHa M. B. — nouck nybnvKauwmii no TeMe, aHanu3 nuUTepaTyps,
HanwucaHue Tekcta; Xoxosa C. B, llepyos C. C. — 3KcnepTHaA oLeH-
Ka 0630pa nuTepatypsl. ABTOpbI MOATBEPHK/IAIOT COOTBETCTBIE CBOEIO
aBTOPCTBa MewayHapoaHbiM Kputepmam ICMJE (Bce aBTopbl BHECN
CYLLLECTBEHHbI/ BKNaA B pa3paboTky KOHUENUMW, NoAroTOBKY CTaTby,
npoYnu v ofobpunmn ¢puHanbHylo Bepcuio neped nNybnavKaumen).

15. Li Z-Y.,, Zhang Z-Z, Bi H. et al. MicroRNA-4500 suppresses
tumor progression in non-small cell lung cancer by regulating
STAT3 // Molecular Medicine Reports. 2019. Vol. 20, N° 6. P. 4973-4983.
doi: 10.3892/mmr.2019.10737

16. Wei F., Ma C,, Zhou T., et al. Exosomes derived from gemcitabine-
resistant cells transfer malignant phenotypic traits via delivery of
miRNA-222-3p // Molecular Cancer. 2017. Vol. 16, N° 1. P. 132.
doi: 10.1186/s12943-017-0694-8

17. Ulivi P., Petracci E., Marisi G., et al. Prognostic role of circulating
miRNAs in early-stage non-small cell lung cancer // Journal of Clinical
Medicine. 2019. Vol. 8, N2 2. P. 131. doi: 10.3390/jcm8020131

18. Wang Y., Lee AT.C,, Ma J.ZI, et al. Profiling microRNA expression
in hepatocellular carcinoma reveals microRNA-224 up-regulation
and apoptosis inhibitor-5 as a microRNA-224-specific target // The
Journal of Biological Chemistry. 2008. Vol. 283, N° 19. P. 13205-13215.
doi: 10.1074/jbc.m707629200

19. Wang Y., Ren J., Gao Y. et al. MicroRNA-224 targets SMAD
family member 4 to promote cell proliferation and negatively
influence patient survival // PLoS One. 2013. Vol. 8, N° 7. P. e68744.
doi: 10.1371/journal.pone.0068744

20. Huang L., Dai T., Lin X,, et al. MicroRNA-224 targets RKIP to control cell
invasion and expression of metastasis genes in human breast cancer cells
// Biochemical and Biophysical Research Communications. 2012. Vol. 425,
N 2. P. 127-133. doi: 10.1016/j.bbrc.2012.07.025

21. Goto Y., Nishikawa R., Kojima S., et al. Tumour-suppressive
microRNA-224 inhibits cancer cell migration and invasion via targeting
oncogenic TPD52 in prostate cancer // FEBS Letters. 2014. Vol. 588, Ne 10.
P. 1973-1982. doi: 10.1016/}.febslet.2014.04.020

22.Wang H., Zhu L-J, Yang Y-C., et al. MiR-224 promotes
the chemoresistance of human lung adenocarcinoma cells to
cisplatin via regulating Gy/S transition and apoptosis by targeting
p21(WAF1/CIP1) // British Journal of Cancer. 2014. Vol. 111, Ne 2. P. 339-
354. doi: 10.1038/bjc.2014.157

23. Zhu X, Kudo M., Huang X, et al. Frontiers of MicroRNA Signature in
Non-small Cell Lung Cancer // Frontiers in Cell and Developmental Biology.
2021. Vol. 9. P. 643942. doi: 10.3389/fcell.2021.643942

24, Li Z, Wang X, Li W., et al. miRNA-124 modulates lung carcinoma cell
migration and invasion // International Journal of Clinical Pharmacology
and Therapeutics. 2016. Vol. 54, N2 8. P. 603—612. doi: 10.5414/CP202551
25. Yang Q., Wan L, Xiao C,, et al. Inhibition of LHX2 by miR-124 suppresses
cellular migration and invasion in non-small cell lung cancer // Oncology
Letters. 2017. Vol. 14, N° 3. P. 3429-3436. doi: 10.3892/0l.2017.6607

26. Liu Y.=Y., Zhang L.-Y., Du W.—Z. Circular RNA circ-PVT1 contributes to
paclitaxel resistance of gastric cancer cells through the regulation of ZEB1
expression by sponging miR-124-3p // Bioscience Reports. 2019. Vol. 39,
N 12. P. BSR20193045. doi: 10.1042/BSR20193045

27.Hu D, Li M, Su J, et al. Dual-targeting of miR-124-3p and
ABCC4 Promotes Sensitivity to Adriamycin in Breast Cancer Cells //

129


https://doi.org/10.1016/j.biopha.2016.06.057
https://doi.org/10.1016/0092-8674(93)90529-y
https://doi.org/10.1038/nrg3074
https://doi.org/10.1158/0008-5472.can-14-0404
https://doi.org/10.1172/jci65344
https://doi.org/10.1074/jbc.m112.373365
https://doi.org/10.1038/nature09284
https://doi.org/10.18632/oncotarget.6059
https://doi.org/10.1515/cclm.2011.661
https://doi.org/10.1515/cclm.2011.661
https://doi.org/10.18632/oncotarget.12300
https://doi.org/10.3892/mmr.2016.5208
https://doi.org/10.3892/or.2013.2910
https://doi.org/10.1111/1759-7714.12442
https://doi.org/10.1159/000366329
https://doi.org/10.3892/mmr.2019.10737
https://doi.org/10.1186/s12943-017-0694-8
https://doi.org/10.3390/jcm8020131
https://doi.org/10.1074/jbc.m707629200
https://doi.org/10.1371/journal.pone.0068744
https://doi.org/10.1016/j.bbrc.2012.07.025
https://doi.org/10.1016/j.febslet.2014.04.020
https://doi.org/10.1038/bjc.2014.157
https://doi.org/10.3389/fcell.2021.643942
https://pubmed.ncbi.nlm.nih.gov/27251409/
https://pubmed.ncbi.nlm.nih.gov/28927097/
https://pubmed.ncbi.nlm.nih.gov/31793989/

130

REVIEWS

Genetic Testing and Molecular Biomarkers. 2019. Vol. 23, N° 3. P. 156—165.
doi: 10.1089/gtmb.2018.0259

28. Yan G., Li Y., Zhan L, et al. Decreased miR-124-3p promoted breast
cancer proliferation and metastasis by targeting MGAT5 // American
Journal of Cancer Research. 2019. Vol. 9, N° 3. P. 585-596.

29. Cai J., Huang J., Wang W., et al. miR-124-3p Regulates FGF2-EGFR
Pathway to Overcome Pemetrexed Resistance in Lung Adenocarcinoma
Cells by Targeting MGAT5 // Cancer Management and Research. 2020.
Vol. 12. P. 11597-11609. doi: 10.2147/CMAR.S274192

30. Zhao Y., Bhattacharjee S., Jones B.M. et al. Regulation of
neurotropic signaling by the inducible, NF-kB-sensitive miRNA-125b
in Alzheimer's disease (AD) and in primary human neuronal-glial
(HNG) cells // Molecular Neurobiology. 2014. Vol. 50, N° 1. P. 97-106.
doi: 10.1007/512035-013-8595-3

31. Shaham L. Binder V., Gefen N., et al. MiR-125 in normal and
malignant hematopoiesis // Leukemia. 2012. Vol. 26, N° 9. P. 2011-2018.
doi: 10.1038/leu.2012.90

32. Wang Y., Zhao M, Liu J., et al. MiRNA-125b regulates apoptosis of
human non-small cell lung cancer via the PI3K/Akt/GSK3p signaling
pathway // Oncology Reports. 2017. Vol. 38, N° 3. P. 1715-1723.
doi: 10.3892/0r.2017.5808

33. Chen J., Wang M., Guo M., et al. miR-127 regulates cell proliferation and
senescence by targeting BCL6 // PLoS One. 2013. Vol. 8, N 11. P. e80266.
doi: 10.1371/journal.pone.0080266

34. Guo L-H, Li H., Wang F., et al. The Tumor Suppress or Roles of miR-
433 and miR-127 in Gastric Cancer // International Journal of Molecular
Sciences. 2013. Vol. 14, N° 7. P. 14171-14184. doi: 10.3390/ijms 140714171
35. ShiL,Wang Y., LuZ, et al. miR-127 promotes EMT and stem-like traits
in lung cancer through a feed-forward regulatory loop // Oncogene. 2017.
Vol. 36, N2 12. P. 1631-1643. doi: 10.1038/0nc.2016.332

36. Xiao Y., Li X, Wang H., et al. Epigenetic regulation of miR-129-2 and
its effects on the proliferation and invasion in lung cancer cells // Journal
of Cellular and Molecular Medicine. 2015. Vol. 19, N° 9. P. 2172-2180.
doi: 10.1111/jcmm.12597

37. Theriault B.L,, Dimaras H., Gallie B.L., et al. The genomic landscape of
retinoblastoma: a review // Clinical & Experimental Ophthalmology. 2014.
Vol. 42, N2 1. P. 33-52. doi: 10.1111/ce0.12132

REFERENCES

1. Yang H-W, Liu G-H, Liu Y-Q, et al. Over—expression of microRNA-940
promotes cell proliferation by targeting GSK3beta and sFRP1 in human
pancreatic carcinoma. Biomedicine & Pharmacotherapy. 2016;83:593-601.
doi: 10.1016/].biopha.2016.06.057

2. Lee RC, Feinbaum RL, Ambros V. The C. elegans heterochronic gene
lin-4encodes small RNAs with antisense complementarity to lin-14. Cell.
1993;75(5):843-54. doi: 10.1016/0092-8674(93)90529-y

3. Esteller M. Non-coding RNAs in human disease. Nature Reviews.
Genetics. 2011;12(12):861-74. doi: 10.1038/nrg3074

4. Jin M, Zhang T, Liu C, et al. miRNA-128 suppresses prostate cancer
by inhibiting BMI-1 to inhibit tumor—initiating cells. Cancer Research.
2014;74(15):4183-95. doi: 10.1158/0008-5472.CAN-14-0404

5. Chen Z, Lai T-C, Jan Y-H, et al. Hypoxia—responsive miRNAs target
argonaute 1 to promote angiogenesis. The Journal of Clinical Investigation.
2013;123(3):1057-67. doi: 10.1172/JCl65344

6. Ho JJD, Metcalf JL, Yan MS, et al. Functional importance of Dicer

Vol. 30 (1) 2022

DOl https://doi.org/10.17816/PAVLOVI71395

P Pavlov Russian
Medical Biological Herald

38.Bin C., Xiaofeng H., Wanzi X. The effect of microRNA-129
on the migration and invasion in NSCLC cells and its mechanism
/I Experimental Lung Research. 2018. Vol. 44, N° 6. P. 280-287.
doi: 10.1080/01902148.2018.1536174

39. Zhu X, Li Y., Shen H., et al. miR-137 inhibits the proliferation of lung
cancer cells by targeting Cdc42 and Cdké // FEBS Letters. 2013. Vol. 587,
N 1. P. 73-81. doi: 10.1016/].febslet.2012.11.004

40. BiY., Han Y., BiH., et al. miR-137 impairs the proliferative and migratory
capacity of human non-small cell lung cancer cells by targeting paxillin //
Human Cell. 2014. Vol. 27, N° 3. P. 95-102. doi: 10.1007/s13577-013-0085-4
41. Zhang B, Liu T, Wu T, et al. microRNA-137 functions as a tumor
suppressor in human non-small cell lung cancer by targeting SLC22A18
// International Journal of Biological Macromolecules. 2015. Vol. 74.
P. 111-118. doi: 10.1016/j.ijbiomac.2014.12.002

42. Noguera-Uclés J.F.,, Boyero L., Salinas A., et al. The Roles of Imprinted
SLC22A18 and SLC22A18AS Gene Overexpression Caused by Promoter CpG
Island Hypomethylation as Diagnostic and Prognostic Biomarkers for Non-
Small Cell Lung Cancer Patients // Cancers (Basel). 2020. Vol. 12, N° 8. P.
2075. doi: 10.3390/cancers12082075

43. Shen H.,, Wang L., Ge X, et al. MicroRNA-137 inhibits tumor growth
and sensitizes chemosensitivity to paclitaxel and cisplatin in lung cancer
// Oncotarget. 2016. Vol. 7, N© 15. P. 20728-20742. doi: 10.18632/
oncotarget.8011

44. Wilting SM., Verlaat W., Jaspers A, et al. Methylation—mediated
transcriptional repression of microRNAs during cervical carcinogenesis //
Epigenetics. 2013. Vol. 8, N° 2. P. 220-228. doi: 10.4161/epi.23605

45. Yu L, Todd N.W,, Xing L., et al. Early detection of lung adenocarcinoma
in sputum by a panel of microRNA markers // International Journal of
Cancer. 2010. Vol. 127, N° 12. P. 2870-2878. doi: 10.1002/ijc.25289

46. Li Y., Jiang Q. Xia N,, et al. Decreased Expression of MicroRNA-375
in Nonsmall Cell Lung Cancer and its Clinical Significance // The Journal
of International Medical Research. 2012. Vol. 40, N° 5. P. 1662-1669.
doi: 10.1177/030006051204000505

47. Cheng L., Zhan B, Luo P. et al. miRNA-375 regulates the cell
survival and apoptosis of human non-small cell carcinoma by targeting
HER?2 // Molecular Medicine Reports. 2017. Vol. 15, N° 3. P. 1387-1392.
doi: 10.3892/mmr.2017.6112

protein in the adaptive cellular response to hypoxia. The Journal of Biological
Chemistry. 2012;287(34):29003-20. doi: 10.1074/jbc.m112.373365

7. Medina PP, Nolde M, Slack FJ. OncomiR addiction in an in vivo model
of microRNA-21-induced pre-B-cell lymphoma. Nature. 2010;467(7311):86—
90. doi: 10.1038/nature09284

8. Liu H-T, Xing A-Y, Chen X, et al. MicroRNA-27b, microRNA-101
and microRNA-128 inhibit angiogenesis by down-regulating vascular
endothelial growth factor C expression in gastric cancers. Oncotarget.
2015;6(35):37458-70. doi: 10.18632/0ncatarget.6059

9. Markou A, Liang Y, Lianidou E. Prognostic, therapeutic and diagnostic
potential of microRNAs in non-small cell lung cancer. Clinical Chemistry and
Laboratory Medicine. 2011;49(10):1591-603. doi: 10.1515/CCLM.2011.661
10. Zhang R, Liu C, Niu Y, et al. MicroRNA-128-3p regulates mitomycin
C-induced DNA damage response in lung cancer cells through repressing
SPTANT1. Oncotarget. 2016;8(35):58098-107. doi: 10.18632/oncotarget. 12300
11. Zeng XC, Li L, Wen H, et al. MicroRNA-128 inhibition attenuates



https://doi.org/10.1016/j.biopha.2016.06.057
https://doi.org/10.1016/0092-8674(93)90529-y
https://doi.org/10.1038/nrg3074
https://doi.org/10.1158/0008-5472.can-14-0404
https://doi.org/10.1172/jci65344
https://doi.org/10.1074/jbc.m112.373365
https://doi.org/10.1038/nature09284
https://doi.org/10.18632/oncotarget.6059
https://doi.org/10.1515/cclm.2011.661
https://doi.org/10.18632/oncotarget.12300
https://pubmed.ncbi.nlm.nih.gov/30807260/
https://pubmed.ncbi.nlm.nih.gov/33223850/
https://pubmed.ncbi.nlm.nih.gov/24293102/
https://doi.org/10.1038/leu.2012.90
https://doi.org/10.3892/or.2017.5808
https://doi.org/10.1371/journal.pone.0080266
https://doi.org/10.3390/ijms140714171
https://pubmed.ncbi.nlm.nih.gov/27869168/
https://doi.org/10.1111/jcmm.12597
https://doi.org/10.1111/ceo.12132
https://doi.org/10.1080/01902148.2018.1536174
https://doi.org/10.1016/j.febslet.2012.11.004
https://doi.org/10.1007/s13577-013-0085-4
https://doi.org/10.1016/j.ijbiomac.2014.12.002
https://doi.org/10.3390/cancers12082075
https://doi.org/10.18632/oncotarget.8011
https://doi.org/10.18632/oncotarget.8011
https://doi.org/10.4161/epi.23605
https://doi.org/10.1002/ijc.25289
https://doi.org/10.1177/030006051204000505
https://doi.org/10.3892/mmr.2017.6112

HAYYHBIE OB30PHI

myocardial ischemia/reperfusion injury—induced cardiomyocyte
apoptosis by the targeted activation of peroxisome proliferator—activated
receptor gamma. Molecular Medicine Reports. 2016;14(1):129-36.
doi: 10.3892/mmr.2016.5208

12. Liu X, Gao Y, Lu Y, et al. Upregulation of NEK2 is associated with
drug resistance in ovarian cancer. Oncology Reports. 2014;31(2):745-54.
doi: 10.3892/0r.2013.2910

13. Zhao D, Han W, Liu X, et al. MicroRNA-128 promotes apoptosis in
lung cancer by directly targeting NIMA—related kinase 2. Thoracic Cancer.
2017;8(4):304-11. doi: 10.1111/1759-7714.12442

14. Zhang L, Qian J, Qiang Y, et al. Down-regulation of miR-4500
promoted non-small cell lung cancer growth. Cellular Physiology and
Biochemistry. 2014;34(4):1166-74. doi: 10.1159/000366329

15. Li Z-Y, Zhang Z-Z, Bi H, et al. MicroRNA-4500 suppresses tumor
progression in non-small cell lung cancer by regulating STAT3. Molecular
Mediicine Reports. 2019;20(6):4973-83. doi: 10.3892/mmr.2019.10737

16. Wei F, Ma C, Zhou T, et al. Exosomes derived from gemcitabine-
resistant cells transfer malignant phenotypic traits via delivery of miRNA-

Tom 30, N2 1, 2022

Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK
yMeHn akagemuka W1 [1asnosa

28. Yan G, Li Y, Zhan L, et al. Decreased miR-124-3p promoted breast
cancer proliferation and metastasis by targeting MGAT5. American Journal
of Cancer Research. 2019:9(3):585-96.

29. Cai J, Huang J, Wang W, et al. miR-124-3p Regulates FGF2-EGFR
Pathway to Overcome Pemetrexed Resistance in Lung Adenocarcinoma Cells
by Targeting MGATS. Cancer Management and Research. 2020;12:11597—
609. doi: 10.2147/CMAR.S274192

30. Zhao Y, Bhattacharjee S, Jones BM, et al. Regulation of neurotropic
signaling by the inducible, NF-kB-sensitive miRNA-125b in Alzheimer's
disease (AD) and in primary human neuronal-glial (HNG) cells. Molecular
Neurobiology. 2014;50(1):97-106. doi: 10.1007/s12035-013-8595-3

31. Shaham L, Binder V, Gefen N, et al. MiR-125 in normal and malignant
hematopoiesis. Leukemia. 2012;26(9):2011-8. doi: 10.1038/leu.2012.90
32. Wang Y, Zhao M, Liu J, et al. MiRNA-125b regulates apoptosis of
human non-small cell lung cancer via the PI3K/Akt/GSK3p signaling
pathway. Oncology Reports. 2017;38(3):1715-23. doi: 10.3892/0r.2017.5808
33. Chen J, Wang M, Guo M, et al. miR-127 regulates cell proliferation
and senescence by targeting BCL6. PLoS One. 2013;8(11):e80266.
doi: 10.1371/journal.pone.0080266

222-3p. Molecular Cancer. 2017;16(1):132. doi: 10.1186/512943-017-0694-8
17. Ulivi P, Petracci E, Marisi G, et al. Prognostic Role of Circulating miRNAs
in Early-Stage Non-Small Cell Lung Cancer. Journal of Clinical Medicine.
2019;8(2):131. doi: 10.3390/jcm8020131

18. Wang Y, Lee ATC, Ma JZI, et al. Profiling microRNA expression
in hepatocellular carcinoma reveals microRNA-224 up-regulation
and apoptosis inhibitor-5 as a microRNA-224-specific  target.
The Journal of Biological Chemistry. 2008;283(19):13205-15.
doi: 10.1074/jbc.m707629200

19. Wang Y, Ren J, Gao Y, et al. MicroRNA-224 targets SMAD family
member 4 to promote cell proliferation and negatively influence patient
survival. PLoS One. 2013;8(7):e68744. doi: 10.1371/journal.pone.0068744
20. Huang L, Dai T, Lin X, et al. MicroRNA-224 targets RKIP to control
cell invasion and expression of metastasis genes in human breast
cancer cells. Biochemical and Biophysical Research Communications.
2012;425(2):127-33. doi: 10.1016/.bbrc.2012.07.025

21. Goto Y, Nishikawa R, Kojima S, et al. Tumour-suppressive
microRNA-224 inhibits cancer cell migration and invasion via targeting
oncogenic TPD52 in prostate cancer. FEBS Letters. 2014;588(10):1973-82.
doi: 10.1016/].febslet.2014.04.020

22.Wang H, Zhu L-J, Yang Y-C, et al. MiR-224 promotes the
chemoresistance of human lung adenocarcinoma cells to cisplatin via
regulating Gi/S transition and apoptosis by targeting p21(WAF1/CIP1).
British Journal of Cancer. 2014;111(2):339-54. doi: 10.1038/bjc.2014.157
23. Zhu X, Kudo M, Huang X, et al. Frontiers of MicroRNA Signature in
Non-small Cell Lung Cancer. Frontiers in Cell and Developmental Biology.
2021;9:643942. doi: 10.3389/fcell.2021.643942

24.Li Z, Wang X, Li W, et al. miRNA-124 modulates lung carcinoma
cell migration and invasion. Clinical Pharmacology and Therapeutics.
2016;54(8):603—12. doi: 10.5414/CP202551

25. Yang @, Wan L, Xiao C, et al. Inhibition of LHX2 by miR-124 suppresses
cellular migration and invasion in non-small cell lung cancer. Oncology
Letters. 2017;14(3):3429-36. doi: 10.3892/0.2017.6607

26. Liu Y=Y, Zhang L-Y, Du W-Z. Circular RNA circ-PVT1 contributes
to paclitaxel resistance of gastric cancer cells through the regulation
of ZEB1 expression by sponging miR-124-3p. Bioscience Reports.
2019;39(12):BSR20193045. doi: 10.1042/BSR20193045

27.Hu D, Li M, Su J, et al. Dual-targeting of miR-124-3p and ABCC4
Promotes Sensitivity to Adriamycin in Breast Cancer Cells. Genetic Testing
and Molecular Biomarkers. 2019;23(3):156—65. doi: 10.1089/gtmb.2018.0259

DOl https://doi.org/10.17816/PAVLOVI71395

34. Guo L-H, Li H, Wang F, et al. The tumor suppress or roles of miR-433
and miR-127 in gastric cancer. International Journal of Molecular Sciences.
2013;14(7):14171-84. doi: 10.3390/ijms140714171

35.Shi L, Wang Y, Lu Z, et al. miR-127 promotes EMT and stem-like
traits in lung cancer through a feed-forward regulatory loop. Oncogene.
2017;36(12):1631-43. doi: 10.1038/0nc.2016.332

36. Xiao Y, Li X, Wang H, et al. Epigenetic regulation of miR-129-2
and its effects on the proliferation and invasion in lung cancer cells.
Journal of Cellular and Molecular Medicine. 2015;19(9): 2172-80.
doi: 10.1111/jcmm.12597

37. Theriault BL, Dimaras H, Gallie BL, et al. The genomic landscape of
retinoblastoma: a review. Clinical & Experimental Ophthalmology. 2014;
42(1):33-52. doi: 10.1111/ce0.12132

38. Bin C, Xiaofeng H, Wanzi X. The effect of microRNA-129 on the
migration and invasion in NSCLC cells and its mechanism. Experimental
Lung Research. 2018;44(6):280-7. doi: 10.1080/01902148.2018.1536174
39. Zhu X, Li Y, Shen H, et al. miR-137 inhibits the proliferation of lung
cancer cells by targeting Cdc42 and Cdké. FEBS Letters. 2013;587(1):73-81.
doi: 10.1016/].febslet.2012.11.004

40. BiY,Han Y, Bi H, et al. miR-137 impairs the proliferative and migratory
capacity of human non-small cell lung cancer cells by targeting paxillin.
Human Cell. 2014;27(3):95-102. doi: 10.1007/513577-013-0085-4

41. Zhang B, Liu T, Wu T, et al. microRNA-137 functions as a tumor
suppressor in human non-small cell lung cancer by targeting SLC22A18.
International Journal of Biological Macromolecules. 2015;74:111-8.
doi: 10.1016/j.ijbiomac.2014.12.002

42. Noguera-Uclés JF, Boyero L, Salinas A, et al. The Roles of Imprinted
SLC22A18 and SLC22A18AS Gene Overexpression Caused by Promoter
CpG Island Hypomethylation as Diagnostic and Prognostic Biomarkers for
Non-Small Cell Lung Cancer Patients. Cancers (Basel). 2020;12(8):2075.
doi: 10.3390/cancers12082075

43. Shen H, Wang L, Ge X, et al. MicroRNA-137 inhibits tumor growth
and sensitizes chemosensitivity to paclitaxel and cisplatin in lung cancer.
Oncotarget. 2016;7(15):20728-42. doi: 10.18632/oncotarget.8011

44. Wilting SM, Verlaat W, Jaspers A, et al. Methylation—mediated
transcriptional repression of microRNAs during cervical carcinogenesis.
Epigenetics. 2013;8(2):220-8. doi: 10.4161/epi.23605

45. YuL, Todd NW, Xing L, et al. Early detection of lung adenocarcinoma in
sputum by a panel of microRNA markers. International Journal of Cancer.

131


https://doi.org/10.3892/mmr.2016.5208
https://doi.org/10.3892/or.2013.2910
https://doi.org/10.1111/1759-7714.12442
https://doi.org/10.1159/000366329
https://doi.org/10.3892/mmr.2019.10737
https://doi.org/10.1186/s12943-017-0694-8
https://doi.org/10.3390/jcm8020131
https://doi.org/10.1074/jbc.m707629200
https://doi.org/10.1371/journal.pone.0068744
https://doi.org/10.1016/j.bbrc.2012.07.025
https://doi.org/10.1016/j.febslet.2014.04.020
https://doi.org/10.1038/bjc.2014.157
https://doi.org/10.3389/fcell.2021.643942
https://pubmed.ncbi.nlm.nih.gov/27251409/
https://pubmed.ncbi.nlm.nih.gov/28927097/
https://pubmed.ncbi.nlm.nih.gov/31793989/
https://pubmed.ncbi.nlm.nih.gov/30807260/
https://pubmed.ncbi.nlm.nih.gov/33223850/
https://pubmed.ncbi.nlm.nih.gov/24293102/
https://doi.org/10.1038/leu.2012.90
https://doi.org/10.3892/or.2017.5808
https://doi.org/10.1371/journal.pone.0080266
https://doi.org/10.3390/ijms140714171
https://pubmed.ncbi.nlm.nih.gov/27869168/
https://doi.org/10.1111/jcmm.12597
https://doi.org/10.1111/ceo.12132
https://doi.org/10.1080/01902148.2018.1536174
https://doi.org/10.1016/j.febslet.2012.11.004
https://doi.org/10.1007/s13577-013-0085-4
https://doi.org/10.1016/j.ijbiomac.2014.12.002
https://doi.org/10.3390/cancers12082075
https://doi.org/10.18632/oncotarget.8011
https://doi.org/10.4161/epi.23605

132

REVIEWS

2010;127(12):2870-8. doi: 10.1002/ijc.25289

46. Li Y, Jiang Q, Xia N, et al. Decreased Expression of MicroRNA-375
in Nonsmall Cell Lung Cancer and its Clinical Significance.
The Journal of International Medical Research. 2012;40(5):1662-9.

0Ob ABTOPAX

*T'y6enko MapuHa CepreeBHa;
ORCID: https://orcid.org/0000-0001-5439-9713;
eLibrary SPIN: 4992-7397; e-mail: artz_marina@mail.ru

Jlorunos Butanuii Uropesuy, K.6.H.;
ORCID: https://orcid.org/0000-0003-2668-8096;
eLibrary SPIN: 6249-5883; e-mail: werwolf2000@mail.ru

Byp i Anekcen M 1, KO.H,;
ORCID: https://orcid.org/0000-0002-9398-8075;
eLibrary SPIN: 4429-4288; e-mail: koldun.pro@mail.ru

MNpoxuna Upuna BanepbesHa, K.6.H,;
ORCID: https://orcid.org/0000-0002-0423-7801;
eLibrary SPIN: 5706-2369 ; e-mail: p.lenyxa@yandex.ru

Xoxnosa CBeTnaHa BukropoBHa, 4.M.H., npodeccop;
ORCID: https://orcid.org/0000-0002-4121-7228;
eLibrary SPIN: 6009-4616 ; e-mail: svkhokhlova@mail.ru

Nepuos Cepren Cepreesuy, 4.M.H., npodeccop;
ORCID: https://orcid.org/0000-0001-5530-4990;
eLibrary SPIN: 3876-0513; e-mail: s.pertsov@mail.ru

* ABTop, 0TBETCTBEHHI 3a Nepencky / Corresponding author

Vol. 30 (1) 2022

DOl https://doi.org/10.17816/PAVLOVI71395

P Pavlov Russian
Medical Biological Herald

doi: 10.1177/030006051204000505

47. Cheng L, Zhan B, Luo P, et al. miRNA-375 regulates the cell survival and
apoptosis of human non-small cell carcinoma by targeting HER2. Molecular
Medicine Reports. 2017;15(3):1387-92. doi: 10.3892/mmr.2017.6112

AUTHOR'S INFO

*Marina S. Gubenko;
ORCID: https://orcid.org/0000-0001-5439-9713;
eLibrary SPIN: 4992-7397; e-mail: artz_marina@mail.ru

Vitaliy I. Loginov, Cand. Sci. (Biol.);
ORCID: https://orcid.org/0000-0003-2668-8096;
eLibrary SPIN: 6249-5883; e-mail: werwolf2000@mail.ru

Aleksey M. Burdennyy, Cand. Sci. (Biol.);
ORCID: https://orcid.org/0000-0002-9398-8075;
eLibrary SPIN: 4429-4288; e-mail: koldun.pro@mail.ru

Irina V. Pronina, Cand. Sci. (Biol.);
ORCID: https://orcid.org/0000-0002-0423-7801;
eLibrary SPIN: 5706-2369 ; e-mail: p.lenyxa@yandex.ru

Svetlana V. Khokhlova, MD, Dr. Sci. (Med.), Professor;
ORCID: https://orcid.org/0000-0002-4121-7228;
eLibrary SPIN: 6009-4616 ; e-mail: svkhokhlova@mail.ru

Sergey S. Pertsov, MD, Dr. Sci. (Med.), Professor;
ORCID: https://orcid.org/0000-0001-5530-4990;
eLibrary SPIN: 3876-0513; e-mail: s.pertsov@mail.ru



https://orcid.org/0000-0001-5439-9713
mailto:artz_marina@mail.ru
https://orcid.org/0000-0003-2668-8096
mailto:werwolf2000@mail.ru
https://orcid.org/0000-0002-9398-8075
mailto:koldun.pro@mail.ru
https://orcid.org/0000-0002-0423-7801
mailto:p.lenyxa@yandex.ru
https://orcid.org/0000-0002-4121-7228
mailto:svkhokhlova@mail.ru
https://orcid.org/0000-0001-5530-4990
mailto:s.pertsov@mail.ru
https://orcid.org/0000-0001-5439-9713
mailto:artz_marina@mail.ru
https://orcid.org/0000-0003-2668-8096
mailto:werwolf2000@mail.ru
https://orcid.org/0000-0002-9398-8075
mailto:koldun.pro@mail.ru
https://orcid.org/0000-0002-0423-7801
mailto:p.lenyxa@yandex.ru
https://orcid.org/0000-0002-4121-7228
mailto:svkhokhlova@mail.ru
https://orcid.org/0000-0001-5530-4990
mailto:s.pertsov@mail.ru
https://doi.org/10.1002/ijc.25289
https://doi.org/10.1177/030006051204000505
https://doi.org/10.3892/mmr.2017.6112

