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microRNAIFZ R BB XA E = RS S8

ERH KEFY TRE FEA FRASW - FRARGKAS
(PEIR RS2, B R T O, HR A S B B3 O, 2291 730030; 205 16 RO K2,
AR SRR AT AR O, AN T DGR AR 5 P A EUE S TR T 0, 2200 730030; P AL B K 2,
R TG, AR TR S R B R R ZE 0 5, =M 730030; 475 b RO K2, SEIR #2435, =M 730030)

TS mlRNA(mlcroRNA)VFﬁ?%iﬂF%zﬂ, RNA, il i 45 & ¥e mRNA# 4 815 R w4 B 6 /&
AR E M RA, A AFRARI, miRNAT @it ceRNA. 57] SR, FRIEE R RS GTR. %
X % . miRNASH PG aa e a3, AT 5 vk, @ief ). aiee) A F12 20 B a2 RuEHELA
AR, HmiRNATTAE ) —FH 3 569 £ A7 &4, I S mA M6 77 P AR BR3 jaaﬁ:—fa,m I8, %
L =B T miRNATREE I /8 7 RAR K 4942 518 3%, FHR T8 T JAK/STAT3. Wnt/B-catenin. PI3K/AKT
ZAR IS B, BAA T RIAR KA AR BB BT B, LI I 76 77 AR e
Pk 98 3% 97 e, & % A,

E5IE  miRNA; FRTEIK; (55 0 %
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Abstract miRNA (microRNA) acts as a single-stranded non-coding RNA that inhibits the expression of
protein coding genes through binding to the untranslated regions of target mRNA. Previous research has estab-
lished that miRNA can regulate tumor formation through some factors such as ceRNA, exosomes and environment.
The majority of miRNA exhibites regulatory effects on essential processes of tumor cells, including proliferation,
apoptosis and autophagy, cell cycle, cell migration and invasion, energy metabolism and so on. Thus, miRNAs has
emerged as a promising biomarker for targeted-tumor therapy. This article undertakes an in-depth review of the sig-
naling pathways linked with miRNA regulationg of tumor formation, with a particular focus on the interplay among
JAK/STAT3, Wnt/B-catenin and PI3K/AKT pathways. By providing a sound basis for understanding the mecha-
nisms involved in tumor genesis and development, this article aims to lay the groundwork for discovering new tu-
mor treatment pathways and cancer therapy targets.
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f¥/N RNA(microRNA, miRNA)E Ry —Fh ik
AR ST K BEAY R 21~25 A% 7 R 1) B I G
I RNA, fEMEAG KA difsr i, A AR, HE
R LA IRe e A S5 2 Fof 40 i A P S A o O 4 R
PER U2, F S0 R B, M i 58748 DL K2 i e 441 i 2 W
FDR2H (1 AR 2= AR R A I 9 15 S I R R T A, ek
SRR K. EFEAIRZE. miRNAA]
T I A% i TR R 1 2 P AR ) 2 AR (R TR A 4
MsE . T8 238, MR, 0T, MRt
YNMRER A . (LTI 25 A0 _F B —18) T BR #4402 ) AT
s ) Jr g8 ) R A2 AN JE BT miRNA LI A AT LA
1) B B () R A OGS R (M 3R , IR A AE 1112
W AT HRORFEAE Y, O BT R I miRNA T gL
KA RSMEAE 1, AL, miRNAB T RN
BT A IR G A B TR SRR Bl R T R N
BT 1t ) ) mi RN AR $2 88 T2 At o A5 5 il %, &
A A S SR, AR SO miRNA % R & A T
FOIARFO J 1) 3 245 5 @ B AT MR, R IR
(iR v 97 845 DA S SR YR T B0 R A IR AR

1 miRNAZ 5z E R
1.1 ZFEFHIEMRNAEE

miRNA W] 5 g 65 8 F 57 B mRNA K 3'-AE R 1%
X (3'-UTR)4 &, 75555 Ja H i) 8 1 o g B 55 (Rl %
ik, AR EA AR s, R AEZN . A
APy R i B R R AR . miRNAT)
Difie 3 B 58 23 AL A% B IR AL ) Bl 7 X s
miRNA A 5 mRNA#EAR I 3-UTR H [ — A 2 AN H
WFFNEEE T miIRNAL HAE 2 5L 3 = )5 37 51
Mz, w5 18 A D REAH DG B
BN, S51E B HE IR s HU/E Y, miRNARE
% [F) I 1) 22 AN BRI, A R R TR ok A T AR 1)
A Y, TR A AN BEAH M 23 WA ) miRNA
AT [ BT P 40 B i AR KA IS 5 10 Bl A R
JEmEE RNA B LI CIOR JE , BEERATRIAE
TR 20 B i AR ASRNA FEJE i B —RNAZH AR

54 VYR RNA(competing endogenous RNA,
ceRNA)R — A, 1] DAE R Ja sa 4 It o i 77
miRNA, 7] LLE T ceRNA-miRNA-mRNAH1Z 5
Z AL FE M, ceRNATHFEHLH] PL IncRNA-miR-
NA-mRNAF circRNA-miRNA-mRNA 5 X 48 A T
AE IR IE L AIF 2 1 ceRNAJE I 45 miRNATE [

RKAR A RIFEERA T, fER 1, fEE 8 A R S
BRELSE M T 3 =4 (20214F ~20234F ) 7E A\ S
T (I FE H1 32 ceRN A 2% 4% [FImiRNA, Ff- X miRNA
(R RE I DR A FH I A S ma i R A T B
1.2 FhibiRifiE

SMIMAZ S TR IR IS AR
et AN 24 ()it R, miRNAE I ZMB AR 75
B2 ARG, I FE A BT AR T AR I8 R ) — P
e SZHMMAR I AR RNAT] LA IR
PRV R 7, B S RRE 0 AR AN gk e AH G B2 {3l
n, fE B e R S S AR A R I miR-122-5p ik
AT S e 4l O T AN AL, H o miR-122-5pfEAK
AR A, 20 RS miR-122-5p#E L K] GITI
FRD, L2 B [ RAE R bR S A
AR miRNA, FEx0r AL R J s ma i A 1 1) 2
B . MNFR 270 W 2 SOk mT DAHE T, A i
RZRIRT MR BT, MR 1 ) miRNAHE i 52
FE R M R R, I H A% 08 2w 4 M R
miRNA 0 R Gl 157 A= 5
1.3 IMEEZRIEE

WE IR B, PR R 2% 2 19 hn S 44 i g i 3 AR
B AR R AT BE DR AN AR E 1, R R IR 1= 2%
FVE R BV, Sl A e A% PG e 20 0 b A WA TR I 3 A0
Dicerfi )& i5 5, #11] AGO2(Argonaute 2)F) R
&, FPiDicer GAGO2(H 45 &, 1 miRNA M FI 14 5|
BRI 87 A 5 R B /N 248 P il (non-small
cell lung cancer, NSCLC) 8 4 21 1 Bel-wik ik 56k
FAA 9%, miR-519d-3p nl il i 45 Bel-w Al 75
[Al ¥ (hypoxia-inducible factor 1-alpha, HIF-1a)lt)3
T A1 ) R A5 5 ) R 4B, TR NSCLCHY 2
W FVEE VR T AR B B, GRAER, B BELE E I
PTFPCIK T35 K - 4(interferon regulatory factor 4,
IRFARIAFHH T RE T, HEA miR-210K 1A K - E
W, 1X 5 18S RNABSE: I E R B DIMT1 E# T 1
A RN, AR B JRE 2 LR A A R SR, miR-
210K [FFE EIMY, Z8 BT, A2 HmiRNA
(RN Tk RE, T 52 00 200 AR 1) 1E 5 AR 3 AR, 51 R e
% FF B RS AR T e B2 W

2 miRNAXSBhIE 20 AR A 2200
2.1 FNO4HARIETE
Glypicans{F A=K K ¥ 4 B 52 44 52 e 48
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Table 1 miRNA regulated by ceRNA networks (2021-2023)
ceRNAZTY miRNA ST R FOEE R 12 AR S5 30k
ceRNA types miRNA types Diseases Target gene/pathway  Influence Reference
MALAT1 miR-26a/26b Breast cancer STESIA4 It regulates the tumorige- [13]
nicity of breast cancer cells
LncRNAABHDI11- Many miRNAs Gastric cancer and PI3K/AKT Clinical biomarker [14]
AS1 thyroid cancer
circ-0005105 miR-20a-3p Pancreatic ductal COL1141 Reduce tumorigenicity and  [15]
adenocarcinoma metastasis of pancreatic
duct adenocyte
circ-ABCB10 miR-588 Squamous carcinoma  CXCR4 Involved in malignant [16]
of larynx progression of laryngeal
squamous cells
IncRNA AGAP2- miR-3064-5p Cervical cancer SIRT1 Promote cell proliferation [17]
AS1
circ_0001402 miR-625-5p Squamous cell carci- KPNA4 It affects the tumorigenicity — [18]
noma of skin of squamous cell carci-
noma of skin
LncRNA miR-372 Hepatocellular carci- PRKACB Influence tumor growth [19]
HULC noma
LncRNA miR-122 Hepatocellular carci- Wnt/B-catenin Provide therapeutic targets ~ [20]
RPPHI noma for patients with liver
cancer
IncRNAs, mRNAs  hsa-miR-17, hsa-miR-93, Prostatic cancer PCA3,HI9, RND3, Diagnostic biomarkers for [21]
hsa-miR-150, hsa-miR-25, ITGBS prostate cancer
hsamiR-125b
2 AERBEMBERENHINDAmIRNA
Table 2 Exosome miRNA as potential tumor marker
SN AR SRR miRNAZE A PRI HREN A2 s AE Z2% 3R
Exosome miRNA types Diseases Target gene/pathway Influence References
source
Plasma miR-125a-5p/miR-141-  Prostate cancer PI3K/AKT/mTOR Indirectly predict the possibil- ~ [24]
Sp ity of tumor development
Plasma miR-21, miR-181a-5p Thyroid carcinoma ~ OTUD6B-AS1 Differentiation of different [25]
thyroid cancers
Serum miR-25, miR-130b, Colorectal cancer PTEN/PI3K/AKT Promote metastasis of colorec-  [26]
miR-425 tal cancer
Serum miR-1247-3p Liver cancer B4GALT3 Promote lung metastasis of [27]
liver cancer
Serum miR-139-5p Bladder cancer PRC1 Inhibition of tumor formation [28]
Serum miR-7977 Lung adenocarci- Unknown Promote A549 cell prolifera- [29]
noma tion and invasion, and inhibit
cell apoptosis
Serum miR-1468-5p Cervical cancer HMBOXI & JAK2/STAT3 Promote tumor immune escape  [30]
Wide range of miR-21 Various cancers Multiple pathways Promote the development of [31]
sources cancer
Serum and tis- miR-21-5p, miR-142-5p,  Breast cancer Multiple pathways Promote chemotherapy resis- [32-33]
sue miR-150-5p, miR-320a- tance
3p, miR-4433b-5p
Plasma and miR-223, miR-320d, Epithelial ovarian PTEN/PI3K/AKT Promote chemotherapy resis- [34-35]

macrophage

miR-4479, miR-6763-5p

cancer

tance
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45 , & miR-509-3p7E 22 4 2087 H A R I e 10,
Glypican-37& —Fm L8, £ 4 M (hepato cel-
lular carcinoma, HCC)A 141 o J88 45 - 2% P i
R A E ], miR-451038 1 B #:50 W] Glypican-3
4 Wnt/B-cateninfF 518 B 1) % 5635 14 5k SLIHLAT
/B ¥ miR-125ait 32 1A n] $ i) A IR B 41 i 5
293T(human embryonic kidney cell 293T, HEK293T)
S0 A G BE , miR-125a1@ 13 #E 7] Glypican-45: K 5%
M 2 P38 5, H4 0 7 miRNAAE A0 40 i 14 5 ) v
J7 R A AT ), GPC5(Glypican-5) 2 i R .k
W2 B 2RI — 51, W] ) i Rg 4 B g o,
miR-301b2x i GPCS )21 b M T 40 1] J52 Jo 98 4
MG T AR 28 49 F R AT UL, miRINAXT R 4 A
) 465 K 22 H0 E O TR A A A A AR A R S

(), Hoad T X Ao A% A X iR B G B D 2 T B
HMERA VR R, B BT AR N, BHIEN 52 % 30
miRNA - ] 38 o /i 5 J DR (1) B S >R 52 1) Jie g (%)
A

Xof 5 DR 2 s 7K B A 7 SE I T ) B T miRNA
e e A (R PR S DT S e e R B, DR B G A 5
miRNA 2 R AL B2 4L 7 B ks . HCC
2 miR-15afR R IA T HE [A) L e sk [R5 4, 4
HCCHAIGTE . I AR 28, F 14k AN HCCHUE
ARSI IE S HCCI A R R JE U)o 8 b e P B B
JeE 41 Bl (epithelial ovarian cancer cell, EOCC)H & il
il miR-200az 1A AJ A | j¢ —[A) 78 ot F AU AR S s R 5
ZEB23Rik_FI, R4 AR, miR-200a 7] fEZEOCC
T J& S AIVE ST T P fEAR A U9, 1 ik miR-
3393E L § ] Y% ZNF 689K R )ik , S 2540k B 9
UL TE . (R2RAIT RS 7 ML K -2
HEAN MG SE , miR- 15038 i B 422 A a4 L1 1 42 00
BALH] K NMT3AF DNMT3B7KF. miR-1501F
ol i <1 PR R R BV e ik Il PN R Y S
AR L R0 R KT, T IR s AL 4
BRI ¥, 0561 40 184 5 75 = S HABH %1
22 FWARATS B

miRNA = E 58 i 5 0o 7 7230 2 K 3 W 2 AH
R IR R [ T 18] (AR HAE R, AT 52 1) e 1)
KAKE . T4 (cancer stem cells, CSCs)A]
HZ aetEmseae HEsh IR R 4 . ZHOUSE M
AN MR e S P RS ML) PR 4 S R R R A () 3R 2 1
JI 98 T 4H i (pancreatic cancer stem cells, PCSCs), il

I 43 SR A & B 4790 mRNAFT 154 miRNATE
PCSCsH R IE , HH miR-146b-3p i & &
# . miR-146b-3p 7 [ i 21 2RI 41 il 52 MIA Paca-
2(CSCMeMHRIE T . Pk miR-146b-3p3 1A v 1]
HIMIA Paca-2(CSCe")[fI4H Hu 3G 51, i 72 38 ik 38 i
YU G 98D S, B S AT, S A 0
MRS IR ;3 — B AT K I, miR-146b-3paf i it 1 ]
T DYRK2# GLI2 M ##0% Hedgehogif % F B #: 5
1] MAP3K10. miR-7-5Spifiid i 22 244k & A M f
B AR AT Sk 3 il P4 S i e 2 FE T, I H miR-9
AT miR-13738 i B4 i P 28 e H IR 7K PSR A 4k
FETZP0 L Ji o7 BRAH e 2 7 A X 7t 9 Hh % I miR -
93 1) J: Rk S A H WA ¢, miR-93 1] 520l i i
I8 T4 B (glioma stem cells, GSCs)3R M DL K iy 2457,
miR-933 i [ i 1) 22 Fh 3 W 1 1 R 20 GSCH
RS 1, #5787 miR-937E [ Wk 15 Hh i B4 Y
miR-1247E [R5 I8 2H 23 R (R 3R IA BRI, mT S 204 iy
ANES T 4 R B RS S BRI N, AT Al
JRJRE R B2 R TR I AL R I, T A
Jitd 5 W5 Y mRNA S AKT2H BAE A, AKT240] miR-
193a-3pFJA Ji AT 4101 1) 4o £ e Joit I 40 A 398 4 - {1 3k
ST R T
2.3 2 0nZm A A HA

T FE 2 B, 2 6 A i AR M R 1 (cyclin-
dependent kinase 1, CDK1)Z 5 & 5% 41 il J& 4 24
A5 | FEE SR 40 0 miR-495-3p M miR-143-3p 1]
L E S8R CDK, S ERIA T, #0240
P, R AN AR T, 75 AR N A E S0 A0 P 1
HR M B9, IncRNA EVADRYE 45 B 9% (colorec-
tal cancer, CRC)" & & i, /E EVADRI & K
cDNA(EVADR-v ) i #2dr, RIL T —AS B rI
AR (EVADR-v2). AWME 82750 i ASUR O 25 1
KrllESE , EVADR AR A 41 5 miR-7H1 miR-29b
M HAEH , EVADR-v1/-v2il &I 5, CRCAH )40
i JE AR RS 4 Ok AR R, LB /G B T AR B
ik, Bax/Bcl2fH F#1% 5. GHEIDARIZ: 5% Bl miR-
4297 Z T E I 5 B4 L9 (glioblastoma, GBM)H
RETH, FAMAEYEES TABN T IS
ERBB/F 518 % A1 OC [ #E L K] ; 75 GBM 4N i A 12
3 T A 95 miR-429, 45 5 & I miR-4293# 1t
ERBBI&1Z B LM 2L A MYC. BCL2F1 EGFR,
I I 3 BRI 2 (R (1) 3R IA K, 15 5 i i R 4
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fir o TERTIE 8O i 25 44U 40 L, miR-302a-3p it
FIK T2 PR, 40 M B4 1) 751 7T 3% 4 miR-302a-
3p I U S e SO T SR (4 5 2B A
5t 2 M miR-302a-3p/MCL 1 ] 3 1115 F Go/G 15
ity >R 3 5 T 4 P ) T UK RT . HASSANZERS
RO, I FH miR-12245 45140 AT miR-22 14101 il 751 41
] SENPIFI ARF4FEDR, Al 4ifiu il & A D1 #%
AR T - B- A B R R (3R E Ff, 5%
Jieh I8 (8 T AR A . ZHOUZE BVR I, CDKIAE JIF
1 o e 4 2R AN AT i v 3Rk, UER CDK AT 5 fF
e 4T L %) 200 B 30, B0 DNA K RN 40 i 3 4 . 7
FFRE A, miR-195-5p A &K CDK 17K, HAMH
G AR SHIM A , S DNAYI B, ] DNA
SHIFAEIGTE. 25 EATA, miRNAR] Do 4%
CDK 1. 4Hf 5 #A5E (D1 20 i JE 30 B AR 56 3L A
Go/G 15235 LA B A1 G 11 21 S HT 1 5 735 Sk 52 i o 9
ST %) 200 PR B, 3K AT DA I R VA 9T SR A EE
(i
24 FWAPITHBARE

ARG RBAEREE2FEIEAR, #
L v % A1) O SRRV S — ol DR e 40 R B 1 TS
AN R B S, 1B )T B IR ST HE A, miRNAH
TR U A DR BN S B, i v B AR R
MRS IR 2268 . LIUSE SO B, 40 A 5 58 i
IR e E 45 4 5 M 3(cytoplasmic polyadenylation
element binding protein 3, CPEB3){f y miR-301b-3p
ML 5 H R K B ARG, FRTE S0 N
KRR AR 2 N, miR-301b-3pitid i
TR B AR KR T 52 AR T UG B AH OB 1 p38 AL A
ML AME 5 U 15 388 1/2(extracellular signal-regulated
kinase 1/2, ERK1/2)4: 5k, fx 4L [] CPEB3/EGFRA
T 0w ) O SR M T IR R R 2R . ol
AR, e T TR AE 5 e Y Jis B % [ B 2% B O A S
R B PVRAE RSN RIS 145 AR W, RAB22A1E
A9 IR O PR 7 A miRNA-15 1a-3p 78 7 3k
[A, % IncRNA SNHG31E#%, {H5Z miR-151a-3p
VA%, miR-151a-3pid B aT LA 21 R I8 4H 1 152 2%
HIIERE , RAB22AT) I 31t e kB PR Ja 4 i 110
RBALRE O, B FITIRN , ZHANGEE R I
miR-338-3pid F 1k AT 1 i #E 7] MAP3K 21 4% ERK 1/2
G, AT R R A . (R B
BE5E, A TN A miR-338-3p il 5, MAP3K2. p-

ERK1/2. MMP2. MMP3. MMP9. 40 HE A2
2 B 2R D1 RIRIE AR, FEUN N e
Y0 BT A A2 221G 0, 177 i1 A miR-338-3p 544/ 1)
SRR . LIUSE R ILHH] miR-196-5p )%
IA ] A R A L B4 S AN 4% %, HHAND ¢
F B-cateninyyT B 2] BE 10 4% miR-196-5p_F i 77 K 41
Jit S B AE RS | BT L HAND 1/Wnt/B-cateninf{s 5
JE B FGS A miR-196-Sp R AFEAE F A B Z 441
2.5 FnpageE K5

— e miRNAXS 22 AN AU JE PR 2R AT 1F [m) A 471 7]
VAT, SR AR B R S E AR SR N AR, FE A
PR (PR DGRV, 2B R RGP . IR AR 2R S
ZRIRIEIAFI KA B D7 R IS5 < TG U I A A
WRIG . —LfE 5T IRAHE ST
NEMELEE -39 . S B, WAL 3R T
B BEIREE LS AR Tl sk ) EE
[ 29, Y% miRNATRE, QUIRICOZ: g it 7y
FT miR-455-3p. miR-122. miR-30a-5p. miR-203.
miR-181d. miR-7. miR-489-3p. miR-155. miR-
422aMImiR-146b-5p 5 K IAEEIE H, miRNAR] 454
BEIE a2 A2 R A 2 A AR . S5 Ik [F] IS, SUNSE (6]
KA PI3K/AKT/mTOR/HIF-10i842 I miR-21
(RIS, AT A0 ) o i 2247 P et s 4 AR %) 0 4 K 17
TEERE A AET: . miR-12530 7] DLFI R SR A& W 45
A RS [R5 98 A DG R 2R R4 ) BE RS AT R
AR, H ] L, miRNALE S 20 A 6 4 C 15 o 2 e vp
RAFE A BERIER, I BT [ i 8 45 5 s f
K.

3 miRNAFIEMBEREXNEERES
1B

AN R R AR AR T — R A1 A I8
fEHAE, X FEEFME Sl KA U, X (55
T WA ERIE VR T B IR R AME . 1R
TR B SCRRAE R 3P A2 HY T miRNATFE R T R
FHICHIE i8R . Wk 3FTiR, &2 XAl Kl miRNA
VR IR T BAE S 1) 3 L1 % Wnt/B-cateninf 5 iH
#%. JAK(Janus kinase)/STAT3(signal transducer and acti-
vator of transcription 3){& 5 i@ . PI3K/AKT/mTOR/E
TIEEE . miRNA 5 FER 1 1%~3%, {HiE75 A3 30%L
HERFIFRIE, AT I miRNAE R IFRIE, 5
L4 IR T AR S B S i, FEA SRR T 7
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Table 3 miRNA affected signaling pathways related to tumor formation
miRNAZK T (ERcRES R[] AR H SR
miRNA types Signaling pathway Disease Influence Reference
Many miRNAs PI3K/AKT/mTOR, Wnt/B-catenin, Breast cancer Provide treatment options [69]
JAK/STAT, MAPK
Many miRNAs Notch, TGF-B, Wnt, STAT3, AKT, Glioma Study the pathogenesis and regula- [70]
EGFR tion of drug resistance
Many miRNAs Wnt/B-catenin, PTEN/AKT/mTOR, Colorectal cancer Control of cellular processes in [71]
TGF-B, KRAS, VEGFR, EGFR, p53 colorectal cancer
Twenty-two PI3K/AKT, Wnt, AMPK, MAPK Fourteen types of cancer Play a role in cancer inhibition [72]
kinds miRNAs
miR-411 MAPK, PI3K/AKT/mTOR, p53, Multiple cancers Regulate cell proliferation, invasion,  [73]
Ras, NF-xB, Wnt/B-catenin migration, apoptosis and colony, and
the formation of cancer cells
miR-1275 PI3K/AKT, ERK/JNK, MAPK, Wnt  Liver cancer, breast cancer, It helps to study the development of [74]
lung cancer, gastrointestinal many types of cancer
cancer, urogenital tract cancer
HECE R, 2 RIFE ) R 3, miR-30e-Spid i $8 7] 72 2 e M

3.1 JAK/STAT3{EEi@8K

miRNAGH Job B 2 B[R] 422 5 1 240 il BR) 715 5 %%
S IR T 5O K B JAK . STAT3 7 if 25 oAt 41
g, T LR, R BRI EMTAHCEE A 21K M
M2 5™ P 259 T 18 miRNASK ]
JAK/STAT3 {5 518, H T O 275 B PRI 4H MR fi
TR U IS BNE R . TAK/STAT3ME 52 5 4 i 1
B P 5 2 R A e FE V57 R, miRNA
AT 3E I A0 A A A AS [ A0 JAK/STAT3AE ‘5l
8 K 5 W) L () 30 . STAT 38 005 T A2 AE T4
i, R R T AU N E R R, STAT3WE IR
TGN M AZ b it 3Rk, b R A a3k 4 A 44 E AN
WAEFEA, BRASNAE T, B BuEE R,

miR-301ajd FEIA 2238 5 e I A A 12 28 . 1f
AR AT R RE ), A0 )R R R A4 e R A S
[X-¥- 5(suppressor of cytokine signaling 5, SOCS5)[t]
RIE, FECIAK/STATIHE . B S e 40 g 1/
JHE % miR-141-3p, Y miR-141-3p)5 /N1 &k
/NEAE SOCSS [ FRIE KT 0 E BEAK, SN B4 i
JAK/STAT 38 B4 400 , miR-141-3pAEUS L3k 4 2 41
3 A RO A5 A6 K, 38 T R 92 O R AR LA B2
GSCs72 IR e K A AR FE I R, miR-307E J5 K
JB 5 SR A 1) GSCs i FE R IA , 11 Y miR-301 g
N JAK/STAT3 @ #% , [EAIKGSCsHIBUR % . miR-30
I HE A mRNA ) 3-UTR K P SOCS 311 A 515,

Jik B 22(ubiquitin specific peptidase 22, USP22)/F
(1) JAK/STAT3E 5, #IHi NSCLCIIR 1 R A= 84, 53
Ah, NSCLC 3 [f) miR-410K iE /KP4, SOCS33%
IETKFRAG , miR-41078 i 48 ) f i1 SOCS3 13RIk,
13t JAK/STAT3 A5 538 1% [ S AR At o 35 4, Sk
KMt IR 7 $2 45 T 28R ), miR-500a-3p/K-F7E
JH s A 2N i b 2 2 Ty, b miR-500a-3p A] 4
S A S IR T 40 B IR BRAR T i RE 0, 38 i 4 =
Eb A5 R0 fi g AH G R T 112234 7K F, miR-500a-3pididt
B IH] JAK/STAT 35 5 3l B 1 22 A S R 5 R 7, A
}5SOCS2, SOCS4HI PTPNI1, A\ 33k i 23 40 Jfa 186 4
STAT3 {5 5l B0 , 115 miR-500a-3p T ¥ I ITER
YHHE 1) SOCS2. SOCS4F1 PTPNI1I1 315, ixAN L
FE ] W 4 miR-500a-3pid #2148 5| L I STAT3E 5 i 1t
1) 7R e 4 L e T 400 AR B B R 6
BEVTREI, JAKIA TAK2 ) R0 i 75138
I 9 40 A -6(interleukin 6, TL-6)3 1AM i1
JAK/STAT/E 5 ¥% T 75 [ o1 BE4H B e 155 A Bl %
HEEER, #7675 S 1 miR-17a-3pF1 miR-
20aid Fik AT HEAE R JAK2. STAT3AI PI3K & [
R EAEH S, 7EE S, miR-9J3 307 = &
JE , N IR H0H] HeLaZi Ji i) TL-63% 3 M it &5 401
S VEF , HeLaZll g 25 H 36 A0 A 3 v 384 i1 A #AmiR-9 1)
P, HERILRT IL-6 4], 1 IL-6/JAK/STAT 3
PR, AT AR Y, miR-515-5pit)id Rk
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)T FFE A0 B AEAR AR N [T R AR 2%, miR-
515-5p ] H4E45 4 B IL-6/1) 3'-UTR, 1% JAK/STAT3
T S EOE , IL-6113d Rk U JAK/STAT3 {5 5

TR, E1agsT mlRNAf’% 5 JAK/STAT3E
510 % TR ML, e O R T 12 % 5 e g
I BE B 1 o

3.2 Wnt/p-catenin{s 5@

Wnt/B-cateninZ 5 NEMKE . AKMABA
FaASYERFPY Wntil i B-cateninifiy& #I 2 [A] fr) 22 14 PY,
B-catenins — PRI £ 40 il [A] 328 42 4k 5 40 25 Bt 1
E-£5 548 EM BRI ER 1T, R iE PR 2 s A=

 Wnt{5 5 i ) e L 2 PP CSCsIL
TP RS AR H AR RE AR I B, BAT B BB

Ay Abee 7y, ] 38 o i 28 40 1Y) R 1 . miRNAGH
ST B BRI 55, BIWnt. NotchAfl
Hedgehogif %, 520 CSCsHIZhEE™ .,

1E Wnt/B-cateninfd Z @ EH , miRNA 32 £l
A AE T g OGN T, W DARE O R 1 M gk
DRI M B 50, 52 M0 firk e 200 R P b 1t FE A 90 L W e

miR-9

miR-515-5p —|IL‘6O ; (’)

T4} (colorectal cancer stem cells, CRCSCs) H &
BT B AE AL I A R R, miR-8063 1A B
N, U RERZ 5 1 A/B(heterogeneous nuclear
ribonucleoprotein A/B, hnRNP A/B)H 3 ik i I
1, 24hnRNP A/B %1k 5, B T4 P L
BE 7R3 PE I 5, Wnt/B-cateninfs 5 1% o G i
5 H Wnt3a. WntSafl B-cateninff) R i& F i, 1fif miR-
8063 11421k G 2K 23 | 95 36 hnRNP A/B 401 il {1
i1, miR-80637E CRCSCsH'id %iA J5, hnRNP A/B.
Wnt3a. Wnt5afl B-cateninf) 1A i, CSCsH H &
FEOHTRE J1U8 55 , miR-8063 1] FiE Wnt/B-cateninfs 5
i, feit CRCSCsH) B W ™. miR-664 CLAYIIE
AHAE K2 Jk 50k 20 Ffd Jif (squamous cell carcinoma, SCC)
g TR, AT SR SCCAN LM IE 2 fiR 28 e
ARMCS8(armadillo repeat containing 8)J& X {4 miR-
66417 B F2AE F 8 5 # #1) Wnt/B-cateninfs 5 18 % Al
cSCCHH b Jz ] 78 o 40

3.3 PI3K/AKT{E S

PI3K/AKT# % & — 2 HE WA AN E TH# S

Cell membrane

JAK ' P JAK |— mlﬁ %a 3p |
mi a

T

SOCSZ SO
miR-500a- 3p m1R 301a
miR-141-3p
WWW\

m1R 410

@
=

il
e

cs4 socss @ ® pSTAT3

\/-. Nucleus

<+—— USP22

NNV IRIV.

miR-30e-5p

TESNALT P, miR-500a-3p 1 ] 145 SOCS3F1SOCS4, miR-30F1miR-410471] SOCS3, miR-301afImiR-141-3p#liiii] SOCSS, MIilifiFJAK/STAT3
PO, AR A A R AEATAZ R, miR-30c-5pidid [ USP22, /1 SIAK/STAT3E S . S, fE41H4k, miR-9FImiR-515-5pid it
FHIIL-6, FHIAK/STAT 3@ AR i AR FEMEIE R« 7E40H A PR H, miR-17a-3pAimiR-20al?) EIRATHIHIJAK. STAT3FIPI3KER 13814, M
I TAK/STAT3 I A3 «

In the cytoplasm, miR-500a-3p exerts a negative influence on SOCS3 and SOCS4, miR-30 and miR-410 mediate JAK/STAT3 activation by inhibiting
SOCS3, as well as miR-301a and miR-141-3p mediate JAK/STAT3 activation by inhibiting SOCSS. MiR-30c-5p mediates the JAK/STAT3 signaling by
targeting USP22 in the nucleus. Conversely, extracellular miR-9 and miR-515-5p have anti-cancer properties by inhibiting IL-6 and curbing the activa-
tion of the JAK/STAT3 pathway. Intracellular cytoplasm upregulation of miR-17a-3p and miR-20a inhibits JAK, STAT3, and PI3K proteins, thereby
preventing JAK/STAT3 pathway activation.

E1 miRNAFZN0ZHAEIETE AL

Fig.1 The mechanism of miRNA impacting cell proliferation
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TN S e 1 R AR FUR B 9% ), HASHEMI
SRS IL, miRNA. IncRNAF circRNAZE |
WA RS PBK/AKTE 5% S, HlI% PI3K/AKT
5 % T (i A A R R A, D A
PI3K/AKTYE 5 #% 1] fl 3 EMT, i3k 5 51) i 1 g
(1R, JTERPIBK/AKTYE 523 5210 1 41) et 240 A 1)
KRR . CHIZE P 5T miR-194-5pTE iR 3
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HEOCEAE FH 10 7 L], K I miR-194-5pit i i
5 PVRL3/miR-194-5p/SOCS2 4% PI3K/AKTAE 5
I 4% PDACHI G AL FS . 76 PI3K/AKT(E 5
R, mIRNAFZlE (S 54 52 5N Rt
VAT, S s R i A B, 01X 5 DL R R E B
7 AP R DO, BAHD SCER AR miRNA
Z 5 258 # (1AH G R0, fHEmiRNATEPI3K/AK TS
5 % ORI A PR TR BRI T S

4 miRNAZEIRAKEZHRINA

i T miRNAI R E P, Miosi it Rl F2 b 7 R
1 2 AT miRNA R AE 9 g 12 W A0S 0 28 b
BN, LERRE S W ] A miRNA ) 564k 7K
PRI AR . BTN, AR/ e
HHZ 22 A v — 265y FH AL miRNA AR AE H 24k
IRV (RARAY, , 5 JoR B AN DR 40 it o, miR-124-
1. miR-124-3, miR125B-1. miR129-2. miR137.
miR 12581 miR339 (1) HH At 7K 1~ B ik iy T 4B s 2H 24
FRAEARAL I ZARE A, AESRIRYH Mt 1, miR-
124-2 1 F AL KPR B 25 ™

miRNA [ b #2155 4 — Fh D fig 2 A2 I
PR H R AR Ay 3 — Fh BL RO RE 12 W AR A .
HUANG%E U03@ i X} 4 J&) miRNA R & 347 947,
B O B W s A X miRNA, HHd,
miR-1942& M —— A5 B, 458l A 1
S EAF A R R S AR A A R T R I 1 B
2 HH 21 miRNA, 7] I miR-194J2 T B 796 (1)
BTG A br &Y. RUTEE DOIE T 4 #7135 4h 1)
1 miRNAF ECA 20 A, I miRNA A IfiL i 2k
Ik v f B B A RS A) L 34K B LTS AR DDA
miRNA(miR-122-5p. let-7d-5pFl miR-4255p) %12
W7 FFF e EL A N, T R 9 12 W R 2R b

Yo T ML SR UE 9 miRNA let-7 K e B 42 i 3
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P JE IR, LI R AR DN Sk 3000 1) T30 1 A AR
F TR B 7E 808 76 B R FE OCHAE T 10, i i
let-7-A1. miR-143F1 miR-145%3k F i 1] g0t 15 M
18 1 3 R 9% B P A R AE R R
S2M AR S A I 12 W R AR bR A 1)L Tet-7
VE 9 5 5L B miRNA, 5150 4 B AT miR-2 1 97 )
VA2 it B 7R F R F B — miRNAI/E A« miR-
21 F0 let-7 /2 it b B 2 1) 22 37 320K miRNA, X T2
P R 2 5 () it ok 156, 31X > miRNA ) 13 7] 14
2 1 oA SR 9 PRI 9 H (AL T 100 B SR g 1040,
WANG "W 55 2 W] 1M 3% 4148 miR-320d. miR-
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miR-133a. miR-574-3pFl miR-27an] {E A 112
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5 RE
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IFLZ: . cireRNA-miRNA 2148 FLAE FH & i 51
RS U N T3 i B ) A A, NSO B v R



970

AR REE N EEMP R CEE,
FEmIRNA I K 1L 5 8 K A2 K e 8 TT 2 Ta) I 5%
B, AR miRNA & 00 72 Wi A 7S 8 e A4
FrEA) . miRNACEHRIE M. EEa
B I AE bR &, W2 3 BRI T iER A WG] 7]
() T HAEE S o A SO BRI miRNA S 5 1 45 8
TV R 777 2K CA B XS T g 448 B 1 52 1, 1) BH miRN A5
i il R & AR B BILAR, 6 = 2% 8 ILIJAK/STAT3 5
SIEEE . Wnt/B-cateninfs ‘5 i@ ¥ FIPI3K/AK TS 518
PRIFEAT RLE S HT, ImIRNA G S0 SR L3 1)

SE Ak (References)

[11  CAKMAK H A, DEMIR M. MicroRNA and cardiovascular dis-
eases [J]. Balkan Med J, 2020, 37(2): 60-71.

[2]  AMBROS V. The functions of animal microRNAs [J]. Nature,
2004, 431(7006): 350-5.

[3] HAN X, GUO J, FAN Z. Interactions between m6A modifica-
tion and miRNAs in malignant tumors [J]. Cell Death Dis, 2021,
12(6): 598.

[4] ESQUELA-KERSCHER A, SLACK F J. Oncomirs-microRNAs
with a role in cancer [J]. Nat Rev Cancer, 2006, 6(4): 259-69.

[5] POZZO E, GIARRATANA N, SASSI G, et al. Upregulation of
miR181a/miR212 improves myogenic commitment in murine
fusion-negative rhabdomyosarcoma [J]. Front Physiol, 2021, 12:
701354.

[6] BARTEL D P. MicroRNAs: target recognition and regulatory
functions [J]. Cell, 2009, 136(2): 215-33.

[7]7 DIECKMANN K P, RADTKE A, GECZI L, et al. Serum levels
of microRNA-371a-3p (M371 test) as a new biomarker of testic-
ular germ cell tumors: results of a prospective multicentric study
[J]. J Clin Oncol, 2019, 37(16): 1412-23.

[8] LIU B, SHYR Y, CAI J, et al. Interplay between miRNAs and
host genes and their role in cancer [J]. Brief Funct Genomics,
2018, 18(4): 255-66.

[9] JIAY, ZHAO J, YANG J, et al. MiR-301 regulates the SIRT1/
SOX2 pathway via CPEBI in the breast cancer progression [J].
Mol Ther Oncolytics, 2021, 22: 13-26.

[10] GROOT M, LEE H. Sorting mechanisms for microRNAs into
extracellular vesicles and their associated diseases [J]. Cells,
2020, 9(4): 1044.

[11] SHEN J, LIANG C, SU X, et al. Dysfunction and ceRNA net-
work of the tumor suppressor miR-637 in cancer development
and prognosis [J]. Biomark Res, 2022, 10(1): 72.

[12] AR, BTRARE I BIAIEOR, 58 55 Ser Nt
RNAE 8 19 72 3t 2 [7]. A= Bl 24(SHI T C, AYIMUGULI
A, WANG J M, et al. Advances in the study of competing en-
dogenous RNA in tumors [J]. Chinese Bulletin of Life Sciences),
2020, 32(9): 929-36.

[13] WANG N, CAO S, WANG X, et al. IncRNA MALAT1/
miR-26a/26b/ST8SIA4 axis mediates cell invasion and migration
in breast cancer cell lines [J]. Oncol Rep, 2021, 46(2): 181.

[14] GOLLA U, SESHAM K, DALLAVALASA S, et al. ABHDI1-
AS1: an emerging long non-coding RNA (IncRNA) with clinical

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

significance in human malignancies [J]. Noncoding RNA, 2022,
8(2): 21.

MA G, LI G, FAN W, et al. Circ-0005105 activates COL11A1 by
targeting miR-20a-3p to promote pancreatic ductal adenocarci-
noma progression [J]. Cell Death Dis, 2021, 12(7): 656.

ZHAO J, LI X, WANG M, et al. Circular RNA ABCB10 con-
tributes to laryngeal squamous cell carcinoma (LSCC) progres-
sion by modulating the miR-588/CXCR4 axis [J]. Aging, 2021,
13(10): 14078-87.

LI M, WANG J, MA H, et al. Extracellular vesicles long non-
coding RNA AGAP2-AS]1 contributes to cervical cancer cell
proliferation through regulating the miR-3064-5p/SIRT1 axis [J].
Front Oncol, 2021, 11: 684477.

LI M, LUO M, LIU P, et al. Circ_0001402 knockdown sup-
presses the chemoresistance and development of DDP-resistant
cutaneous squamous cell carcinoma cells by functioning as a
ceRNA for miR-625-5p [J]. Exp Dermatol, 2023, 32(4): 529-41.
LI F, ZHOU C, LI S, et al. Bioinformatic analysis of differen-
tially expressed profiles of IncRNAs and miRNAs with their re-
lated ceRNA network in endometrial cancer [J]. Medicine, 2023,
102(3): 32573.

ZHOU J, SHI K, HUANG W, et al. LncRNA RPPHI acts as a
molecular sponge for miR-122 to regulate Wntl/beta-catenin
signaling in hepatocellular carcinoma [J]. Int J Med Sci, 2023,
20(1): 23-34.

TAHERI M, SAFARZADEH A, HUSSEN B M, et al. LncRNA/
miRNA/mRNA network introduces novel biomarkers in prostate
cancer [J]. Cells, 2022, 11(23): 3776.

WANG W, HAO L P, SONG H, et al. The potential roles of exo-
somal non-coding RNAs in hepatocellular carcinoma [J]. Front
Oncol, 2022, 12: 790916.

JIAO Y, ZHANG L, L1J, et al. Exosomal miR-122-5p inhibits
tumorigenicity of gastric cancer by downregulating GIT1 [J]. Int
J Biol Markers, 2021, 36(1): 36-46.

LI W, DONG Y, WANG K, et al. Plasma exosomal miR-125a-5p
and miR-141-5p as non-invasive biomarkers for prostate cancer
[J]. Neoplasma, 2020, 67(6): 1314-8.

WANG Z, XIA F, FENG T, et al. OTUD6B-ASI inhibits viabil-
ity, migration, and invasion of thyroid carcinoma by targeting
miR-183-5p and miR-21 [J]. Front Endocrinol, 2020, 11: 136.
WANG J, YUE B L, HUANG Y Z, et al. Exosomal RNAs: novel
potential biomarkers for diseases-a review [J]. Int J Mol Sci,
2022, 23(5): 2461.

FANG T, LU H, LU G, et al. Tumor-derived exosomal miR-
1247-3p induces cancer-associated fibroblast activation to foster
lung metastasis of liver cancer [J]. Nat Commun, 2018, 9(1):
191.

JIAY, DING X, ZHOU L, et al. Mesenchymal stem cells-derived
exosomal microRNA-139-5p restrains tumorigenesis in bladder
cancer by targeting PRC1 [J]. Oncogene, 2021, 40(2): 246-61.
CHEN L, CAO P, HUANG C, et al. Serum exosomal miR-7977
as a novel biomarker for lung adenocarcinoma [J]. J Cell Bio-
chem, 2020, 121(5/6): 3382-91.

ZHOU C, WEI' W F, MA J, et al. Cancer-secreted exosomal miR-
1468-5p promotes tumor immune escape via the immunosuppres-
sive reprogramming of lymphatic vessels [J]. Mol Ther, 2021,
29(4): 1512-28.



A

2 microRNA T2 MR T BRAH S 1 IR 3R A A5 5 i i

971

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

HASHEMI M, MIRDAMADI M S A, TALEBI Y, et al. Pre-
clinical and clinical importance of miR-21 in human cancers: tu-
morigenesis, therapy response, delivery approaches and targeting
agents [J]. Pharmacol Res, 2023, 187: 106568.

CARVALHO T M, BRASIL G O, JUCOSKI T S, et al. MicroR-
NAs miR-142-5p, miR-150-5p, miR-320a-3p, and miR-4433b-
5p in serum and tissue: potential biomarkers in sporadic breast
cancer [J]. Front Genet, 2022, 13: 865472.

LIU M, MO F, SONG X, et al. Exosomal hsa-miR-21-5p is a
biomarker for breast cancer diagnosis [J]. PeerJ, 2021, 9: e12147.
WANG S W, SONG X G, WANG K Y, et al. Plasma exosomal
miR-320d, miR-4479, and miR-6763-5p as diagnostic biomark-
ers in epithelial ovarian cancer [J]. Front Oncol, 2022, 12:
986343.

ZHU X L, SHEN H L, YIN X M, et al. Macrophages derived
exosomes deliver miR-223 to epithelial ovarian cancer cells to
elicit a chemoresistant phenotype [J]. J Exp Clin Cancer Res,
2019, 38(1): 81.

DIETERICH L C, BIKFALVI A. The tumor organismal environ-
ment: role in tumor development and cancer immunotherapy [J].
Semin Cancer Biol, 2020, 65: 197-206.

GOODALL G J, WICKRAMASINGHE V O. RNA in cancer [J].
Nat Rev Cancer, 2021, 21(1): 22-36.

CHOI 1Y, SEOK H J, KIM R K, et al. MiR-519d-3p suppresses
tumorigenicity and metastasis by inhibiting Bcl-w and HIF-1a in
NSCLC [J]. Mol Ther Oncolytics, 2021, 22: 368-79.

IKEDA S, KITADATE A, ABE F, et al. Hypoxia-inducible mi-
croRNA-210 regulates the DIMT1-IRF4 oncogenic axis in mul-
tiple myeloma [J]. Cancer Sci, 2017, 108(4): 641-52.
ROSENBERG T, THOMASSEN M, JENSEN S, et al. Acute
hypoxia induces upregulation of microRNA-210 expression in
glioblastoma spheroids [J]. Cns Oncol, 2015, 4(1): 25-35.

LI'Y, LI M, SHATS 1, et al. Glypican 6 is a putative biomarker
for metastatic progression of cutaneous melanoma [J]. PLoS
One, 2019, 14(6): €0218067.

CARTIER F, INDERSIE E, LESJEAN S, et al. New tumor sup-
pressor microRNAs target glypican-3 in human liver cancer [J].
Oncotarget, 2017, 8(25): 41211-26.

FENG C, LI J, RUAN J, et al. MicroRNA-125a inhibits cell
growth by targeting glypican-4 [J]. Glycoconj J, 2012, 29(7):
503-11.

HONG X, ZHANG Z, PAN L, et al. MicroRNA-301b promotes
the proliferation and invasion of glioma cells through enhancing
activation of Wnt/beta-catenin signaling via targeting Glypican-5
[J]. Eur J Pharmacol, 2019, 854: 39-47.

MAY S, LIU J B, LIN L, et al. Exosomal microRNA-15a from
mesenchymal stem cells impedes hepatocellular carcinoma pro-
gression via downregulation of SALL4 [J]. Cell Death Discov,
2021, 7(1): 224.

LI'Y, FEI H, LIN Q, et al. ZEB2 facilitates peritoneal metastasis
by regulating the invasiveness and tumorigenesis of cancer stem-
like cells in high-grade serous ovarian cancers [J]. Oncogene,
2021, 40(32): 5131-41.

JIANG H, LIU Y, HU K, et al. MiRNA-339 targets and regulates
ZNF689 to inhibit the proliferation and invasion of gastric cancer
cells [J]. Transl Cancer Res, 2021, 10(7): 3516-26.

SELVAM M, BANDI V, PONNE S, et al. MicroRNA-150 targets

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

major epigenetic repressors and inhibits cell proliferation [J]. Exp
Cell Res, 2022, 415(1): 113110.

ZHOU M, GAO Y, WANG M, et al. MiR-146b-3p regulates pro-
liferation of pancreatic cancer cells with stem cell-like properties
by targeting MAP3K10 [J]. J Cancer, 2021, 12(12): 3726-40.
ZHANG X, WANG L, LI H, et al. Crosstalk between noncoding
RNAs and ferroptosis: new dawn for overcoming cancer progres-
sion [J]. Cell Death Dis, 2020, 11(7): 580.

HUANG T, WAN X, ALVAREZ A A, et al. MiR93 (microRNA
-93) regulates tumorigenicity and therapy response of glioblas-
toma by targeting autophagy [J]. Autophagy, 2019, 15(6): 1100-
11.

SONG Y, BAI L, YAN F, et al. Inhibition of EMMPRIN by mi-
croRNA-124 suppresses the growth, invasion and tumorigenicity
of gliomas [J]. Exp Ther Med, 2021, 22(3): 930.

CUI 'Y, WANG Q, LIN J, et al. MiRNA-193a-3p regulates the
AKT?2 pathway to inhibit the growth and promote the apoptosis
of glioma cells by targeting ALKBHS [J]. Front Oncol, 2021, 11:
600451.

TANG J, PAN H, WANG W, et al. MiR-495-3p and miR-143-3p
co-target CDK1 to inhibit the development of cervical cancer [J].
Clin Transl Oncol, 2021, 23(11): 2323-34.

YARI M, SOLTANI B, GHAEMI Z, et al. EVADR ceRNA tran-
script variants upregulate WNT and PI3K signaling pathways in
SW480 and HCT116 cells by sponging miR-7 and miR-29b [J].
Biol Chem, 2023, 404(1): 71-83.

GHEIDARI F, AREFIAN E, SAADATPOUR F, et al. The miR-
429 suppresses proliferation and migration in glioblastoma cells
and induces cell-cycle arrest and apoptosis via modulating sev-
eral target genes of ERBB signaling pathway [J]. Mol Biol Rep,
2022, 49(12): 11855-66.

YANG Z, ZHANG M, ZHANG J, et al. MiR-302a-3p promotes
radiotherapy sensitivity of hepatocellular carcinoma by regulat-
ing cell cycle via MCL1 [J]. Comput Math Methods Med, 2022,
2022: 1450098.

HASSAN M, ELZALLAT M, ABOUSHOUSHA T, et al. Mi-
croRNA-122 mimic/microRNA-221 inhibitor combination as a
novel therapeutic tool against hepatocellular carcinoma [J]. Non-
coding RNA Res, 2023, 8(1): 126-34.

ZHOU C, ZHU S, LI H. MiR-195-5p targets CDK1 to regulate
new DNA synthesis and inhibit the proliferation of hepatocellular
carcinoma cells [J]. Appl Biochem Biotechnol, 2023, 195(5):
3477-90.

LIU F, ZHANG G, LU S, et al. MiRNA-301b-3p accelerates
migration and invasion of high-grade ovarian serous tumor via
targeting CPEB3/EGFR axis [J]. J Cell Biochem, 2019, 120(8):
12618-27.

ZHENG S, JIANG F, GE D, et al. LncRNA SNHG3/miR-
NA-151a-3p/RAB22A axis regulates invasion and migration of
osteosarcoma [J]. Biomed Pharmacother, 2019, 112: 108695.
ZHANG B, WANG D, WANG Y, et al. MiRNA-338-3p inhibits
the migration, invasion and proliferation of human lung adeno-
carcinoma cells by targeting MAP3K2 [J]. Aging, 2022, 14(15):
6094-110.

LIU C, L1Y, ZHANG L, et al. MiRNA-196-5p promotes prolif-
eration and migration in cholangiocarcinoma via HAND1/Wnt/
fB-Catenin signaling pathway [J]. J Oncol, 2022, 2022: 4599676.



972

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

SUBRAMANIAM S, JEET V, CLEMENTS J A, et al. Emer-
gence of microRNAs as key players in cancer cell metabolism [J].
Clin Chem, 2019, 65(9): 1090-101.

QUIRICO L, ORSO F, CUCINELLI S, et al. MiRNA-guided
reprogramming of glucose and glutamine metabolism and its
impact on cell adhesion/migration during solid tumor progression
[J]. Cell Mol Life Sci, 2022, 79(4): 216.

SUNY, LIU W, ZHAO Q, et al. Down-regulating the expression
of miRNA-21 Inhibits the glucose metabolism of A549/DDP
cells and promotes cell death through the PI3K/AKT/mTOR/
HIF-1a pathway [J]. Front Oncol, 2021, 11: 653596.

LOY L, WANG C S, CHEN Y C, et al. Mitochondrion-directed
nanoparticles loaded with a natural compound and a microRNA
for promoting cancer cell death via the modulation of tumor me-
tabolism and mitochondrial dynamics [J]. Pharmaceutics, 2020,
12(8): 756.

LIU X, ZHAO D. CKS1B promotes the progression of hepato-
cellular carcinoma by activating JAK/STAT3 signal pathway [J].
Anim Cells Syst, 2021, 25(4): 227-34.

ISMAIL A, EL-MAHDY H A, ABULSOUD A I, et al. Beneficial
and detrimental aspects of miRNAs as chief players in breast
cancer: a comprehensive review [J]. Int J Biol Macromol, 2023,
224: 1541-65.

NASROLAHI A, AZIZIDOOST S, RADOSZKIEWICZ K, et al.
Signaling pathways governing glioma cancer stem cells behavior
[J]. Cell Signal, 2023, 101: 110493.

ELREBEHY M A, AL-SAEED S, GAMAL S, et al. MiRNAs as
cornerstones in colorectal cancer pathogenesis and resistance to
therapy: a spotlight on signaling pathways interplay-a review [J].
Int J Biol Macromol, 2022, 214: 583-600.

XIE Z, ZHONG C, SHEN J, et al. LINC00963: a potential can-
cer diagnostic and therapeutic target [J]. Biomed Pharmacother,
2022, 150: 113019.

ZOU M, SHEN J, WU Y, et al. Dysregulation of miR-411 in can-
cer: causative factor for pathogenesis, diagnosis and prognosis [J].
Biomed Pharmacother, 2022, 149: 112896.

CHONG Z, YEAP S, HO W, et al. Unveiling the tumour-regula-
tory roles of miR-1275 in cancer [J]. Pathol Res Pract, 2022, 230:
153745.

ZHANG L, LI J, WANG Q, et al. The relationship between mi-
croRNAs and the STAT3-related signaling pathway in cancer [J].
Tumour Biol, 2017, 39(7): 1010428317719869.

ZHU D, CHEN C, LIU X, et al. Osteosarcoma cell proliferation
suppression via SHP-2-mediated inactivation of the JAK/STAT3
pathway by tubocapsenolide A [J]. J Adv Res, 2021, 34: 79-91.
SUN L, DING S, LUO Q, et al. Taxus wallichiana var. chinensis
(Pilg.) florin aqueous extract suppresses the proliferation and me-
tastasis in lung carcinoma via JAK/STAT3 signaling pathway [J].
Front Pharmacol, 2021, 12: 736442.

WANG H, FU Y. NR1DI1 suppressed the growth of ovarian can-
cer by abrogating the JAK/STAT3 signaling pathway [J]. BMC
Cancer, 2021, 21(1): 871.

DING H, YU X, YAN Z. Ailanthone suppresses the activity of
human colorectal cancer cells through the STAT3 signaling path-
way [J]. Int J Mol Med, 2022, 49(2): 21.

XIN'Y, SHANG X, SUN X, et al. Trefoil factor 3 inhibits thyroid
cancer cell progression related to IL-6/JAK/STAT3 signaling

[81]

(82]

[83]

[84]

[85]

[86]

[87]

(88]

[89]

[90]

[91]

[92]

[93]

[94]

pathway [J]. Evid Based Complement Alternat Med, 2021, 2021:
2130229.

HU H, ZHANG Q, CHEN W, et al. MicroRNA-301a promotes
pancreatic cancer invasion and metastasis through the JAK/
STAT3 signaling pathway by targeting SOCSS5 [J]. Carcinogen-
esis, 2020, 41(4): 502-14.

MASOUMI-DEHGHI S, BABASHAH S, SADEGHIZADEH
M. MicroRNA-141-3p-containing small extracellular vesicles
derived from epithelial ovarian cancer cells promote endothelial
cell angiogenesis through activating the JAK/STAT3 and NF-xB
signaling pathways [J]. J Cell Commun Signal, 2020, 14(2): 233-
44.

CHE S, SUN T, WANG J, et al. MiR-30 overexpression promotes
glioma stem cells by regulating Jak/STAT3 signaling pathway [J].
Tumour Biol, 2015, 36(9): 6805-11.

XU G, CAI J, WANG L, et al. MicroRNA-30e-5p suppresses
non-small cell lung cancer tumorigenesis by regulating USP22-
mediated Sirtl/JAK/STAT3 signaling [J]. Exp Cell Res, 2018,
362(2): 268-78.

LI M, ZHENG R, YUAN F. MiR-410 affects the proliferation
and apoptosis of lung cancer A549 cells through regulation of
SOCS3/JAK-STAT signaling pathway [J]. Eur Rev Med Pharma-
col Sci, 2020, 24(22): 11462.

JIANG C, LONG J, LIU B, et al. MiR-500a-3p promotes cancer
stem cells properties via STAT3 pathway in human hepatocellular
carcinoma [J]. J Exp Clin Cancer Res, 2017, 36(1): 99.

DELEN E, DOGANLAR O, DOGANLAR Z B, et al. Inhibition
of the invasion of human glioblastoma U87 cell line by ruxoli-
tinib: a molecular player of miR-17 and miR-20a regulating JAK/
STAT pathway [J]. Turk Neurosurg, 2020, 30(2): 182-9.

ZHANG J, JIA J, ZHAO L, et al. Down-regulation of microR-
NA-9 leads to activation of IL-6/Jak/STAT3 pathway through di-
rectly targeting IL-6 in HeLa cell [J]. Mol Carcinog, 2016, 55(5):
732-42.

NIJ S, ZHENG H, OU Y L, et al. MiR-515-5p suppresses HCC
migration and invasion via targeting IL6/JAK/STAT3 pathway [J].
Surg Oncol, 2020, 34: 113-20.

CHEN Q, WANG H, LI Z, et al. Circular RNA ACTN4 promotes
intrahepatic cholangiocarcinoma progression by recruiting YBX1
to initiate FZD7 transcription [J]. J Hepatol, 2022, 76(1): 135-47.
MARETTO S, CORDENONSI M, DUPONT S, et al. Mapping
Wnht/beta-catenin signaling during mouse development and in
colorectal tumors [J]. Proc Natl Acad Sci USA, 2003, 100(6):
3299-304.

GIAKOUSTIDIS A, GIAKOUSTIDIS D, MUDAN S, et al.
Molecular signalling in hepatocellular carcinoma: role of and
crosstalk among WNT/B-catenin, Sonic Hedgehog, Notch and
Dickkopf-1 [J]. Can J Gastroenterol Hepatol, 2015, 29(4): 209-
17.

GHAFOURI-FARD S, HAJIESMAEILI M, SHOOREI H, et al.
The impact of IncRNAs and miRNAs in regulation of function of
cancer stem cells and progression of cancer [J]. Front Cell Dev
Biol, 2021, 9: 696820.

CHEN Z Q, YUAN T, JIANG H, et al. MicroRNA-8063 tar-
gets heterogeneous nuclear ribonucleoprotein AB to inhibit the
self-renewal of colorectal cancer stem cells via the Wnt/B-catenin
pathway [J]. Oncol Rep, 2021, 46(4): 219.



A

2 microRNA T2 MR T BRAH S 1 IR 3R A A5 5 i i

973

[95]

[96]

[97]

[98]

[99]

[100]

[101]

LI X, ZHANG C, YUANY, et al. Downregulation of ARMC8
promotes tumorigenesis through activating Wnt/beta-catenin
pathway and EMT in cutaneous squamous cell carcinomas [J]. J
Dermatol Sci, 2021, 102(3): 184-92.

MARINI F, GIUSTI F, PALMINI G, et al. Genetics and epi-
genetics of parathyroid carcinoma [J]. Front Endocrinol, 2022,
13: 834362.

HASHEMI M, TAHERIAZAM A, DANEII P, et al. Targeting
PI3K/Akt signaling in prostate cancer therapy [J]. J Cell Com-
mun Signal, 2022, doi: 10.1007/s12079-022-00702-1.

CHI B, ZHENG Y, XIE F, et al. Increased expression of miR-
194-5p through the circPVRL3/miR-194-5p/SOCS2 axis pro-
motes proliferation and metastasis in pancreatic ductal adeno-
carcinoma by activating the PI3K/AKT signaling pathway [J].
Cancer Cell Int, 2022, 22(1): 415.

GUBENKO M S, LOGINOV V I, BURDENNYY A M, et al.
Changes in the level of methylation of a group of microRNA
genes as a factor in the development and progression of non-
small cell lung cancer [J]. Bull Exp Biol Med, 2022, 174(2): 254-
8.

HUANG P, XIA L, GUO Q, et al. Genome-wide association
studies identify miRNA-194 as a prognostic biomarker for gas-
trointestinal cancer by targeting ATP6V1F, PPP1R14B, BTF3L4
and SLC7AS [J]. Front Oncol, 2022, 12: 1025594.

RUI T, ZHANG X, GUO ], et al. Serum-exosome-derived miR-
NAs serve as promising biomarkers for HCC diagnosis [J]. Can-

[102]

[103]

[104]

[105]

[106]

[107]

[108]

cers, 2022, 15(1): 205.

ULUSAN M, SEN S, YILMAZER R, et al. The let-7 microRNA
binding site variant in KRAS as a predictive biomarker for head
and neck cancer patients with lymph node metastasis [J]. Pathol
Res Pract, 2022, 239: 154147.

ALY DM, GOHAR N A, ABD EL-HADY A A, et al. Serum mi-
croRNA let-7a-1/let-7d/let-7f and miRNA 143/145 gene expres-
sion profiles as potential biomarkers in HCV induced hepatocel-
lular carcinoma [J]. Asian Pac J Cancer Prev, 2020, 21(2): 555-
62.

BAI J, SHI Z, WANG 8, et al. MiR-21 and let-7 cooperation in
the regulation of lung cancer [J]. Front Oncol, 2022, 12: 950043.
WANG S, SONG X, WANG K, et al. Plasma exosomal miR-
320d, miR-4479, and miR-6763-5p as diagnostic biomarkers in
epithelial ovarian cancer [J]. Front Oncol, 2022, 12: 986343.
WROBLEWSKA J P, LACH M S, RUCINSKI M, et al. MiR-
NAs from serum-derived extracellular vesicles as biomarkers for
uveal melanoma progression [J]. Front Cell Dev Biol, 2022, 10:
1008901.

ABO-ELELA D A, SALEM A M, SWELLAM M, et al. Potential
diagnostic role of circulating MiRNAs in colorectal cancer [J].
Int J Immunopathol Pharmacol, 2023, 37: 3946320221144565.
SATI I, PARHAR 1. MicroRNAs regulate cell cycle and cell
death pathways in glioblastoma [J]. Int J Mol Sci, 2021, 22(24):
13550.



