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Z, WHPIRSIT IR T H 3 FARICAET S . ASCESS T miRNA E B ARR L R AENLE A Y2228 S miRNA 5 HAl
ncRNA Z[HVETIMZS, JFEEE T miRNA B AT o

EEA RNA, EHPENTERNA, KAEIEGMLRNA, ORRNA

FESES Q522, R3

B 7B RNA S RE DL RNAAE Rt 45 Bk 2k
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I RNA (microRNA, miRNA) )& 5T R
B, Bl FZ AT &R T 20t 22 80 A A R 1E AR
KA W) 75 00 BB AT 2 . (Caenorhabditis elegans,
C. elegans) RN R~ miRNA 2% 2234 30 24
PIRFFE, BERTREE R AL T e A Th R4
i miRNAs I FA7E,  H K 2 40 miRNAs j# i 5 4
mRNA /9 3'JE #1155 X (untranslated region, UTR)
454, 155 mRNA PR el il B e, KRR
MIEEER, 545K RE LS EY
A, miRNA AR, $E/R T —Fhagii i
FRPW A, BN 2B, 2024 4510
DURAE PR F e PR 2 T R ER R w2 - 2o
% W (Victor Ambros) F1fIH - & K E (Gary
Ruvkun) , PIRFANAT R B miRNA K AR5 5% 5
X 3 R Rk VR

miRNA & — N PEPER, KEZR 21~-25 4
#ZFF R (nucleotide, nt) [ ncRNA, 7F4:¥)#tfk
IR LS T, ZEmIRNA A B2 /T,
e R — H R %15 B35 76 )\ DNA #| RNA
(B%5%) . RNAZRIEA (B 19 “rhuoiki”,
WAEAE B OUfE R R m . RPN, miRNA K HAl
ncRNA BRI, FTRE T rpoC 26 0 5 ) A% 358 e LA
20 N 2 A5 2 1B RNA (Bl mRNA) 5 neRNA
ZIPERL T — PRI RBP4 . Rl
RZ 1Y) miRNAs TE 22 Fepi i A LR TR e i i G
KA, FERAE | O MR AT 2R TR
AE, Al T miRNA XS FL AR, RERSTESMA
(RN R S N S i e € A R S e N £
SrFhmic, T ARG I RS W A iUS P4

1 miRNABIE IR

19894, finHL - & REAER AT C. elegans I
R lin-14 25 (I 7E4) B L1 W sk Rk, fE L2
BRI R 23R, T lin-4 FERI AR IRZ LT B L2
Wy BOBAT lin-14 8 R R Fp AR Ak, H 28R (R 4) H
TE L2 By BeATELA L1 B BERY4FAE, {8 1 5E lin-14 25
M5 C. elegans # W) & B A &, I lin-4 2
lin-14 A O, [FWl—m gL - 2
BT B0 % Kk W lin-4 Jiih— 45 miRNA "2 Ff;
Bl Rl A, AR — AR A
lin-4 miRNA il i+ 5 lin-14 mRNA T 454, #4H]
lin-14 mRNA Hi%, PHIE lin-14 2 A 897742 . ]
T 1993 4EAE [ —I C4HfE) (Cell) ZiRLL “H4E
B R TGS S ™, BT —F A

[ R F R AL, JFIFRE T miRNA BF58 X —
B4R

BARXE - &, Hi T lin-4
miRNA [UAATE TR, BT D — B A
el . PIIE, miRNA MBFSEU0R T 745, H %
2000 4E let-7 miRNA R 3, W ENIA K HOGE
B R AETE miRNA sk, 5% B MO 58 B BN AE £
FhEh W a5 ARG HY let-7 miRNA 4 A FELE,
It & B let-7 EE =W Sh ) kB o B Y 4y
A 70, T A ST A UE S let-7 F 3 i R A
FHOCE N h R 3 B RAER 0 Tet-7 9 R IR ]
miRNA JFFN AR Fp b BE O, IR0 T B
7% miRNA G, L Rk PR s 44t 17—
AT . BEIG A E A ARGk E DR EE A2
() Rl AR W R & BT miRNA BUFEAE, {540 2004
4, Pfeffer % ' B IX X L EB %5 # (Epstein-Barr
virus, EBV) 1] LAZ#H5 miRNA 4> 1, [RIBHb{]1%
LA 7 19 miRNA 7] LLiE i RNA 48 (RNAQ) (1)
Ty £ (NS someE A SRk Y,
{H2 575 40 09 miRNA A L, 557 miRNA 7] fig
S SR = U o o I (1 R O o i R /17
miRBase (4t EGe 1T, HATCAE 271 D9 Fh b &k 8L
8 48 000 Ff AL miRNA, Hirr A I[N 4 2 /0]
PLZAS 1 917 Fl sl # miRNAs .

2 miRNAWRIEMITZEREERNG

2.1 miRNARIRIEMIEE
2.1.1 ZW5E%E——Droshaifft

A7 T4 A% P9 B9 miRNA 3 [ 7F RNA B4 i1
(RNA Pol II, RNAPID) HIFEHIT & k) 2% miRNA
(primary miRNA, pri-miRNA) . pri-miRNA i % Hi
JUER] BT HTRAI, S22, 2
Mz B EL (5 mRNA AR " pri-
miRNA £ 3 /i Drosha, DGCRS Fl Pasha 14 Ji ) fi
REFEES & A 1K (microprocessor complex) AbFRJE
B W29 70 nt 19 B A K I 451 1Y AT 1A miRNA
(precursor miRNA, pre-miRNA), iXF pre-miRNA
) 3" A 2 nt B % 2. SR 5 Exportin-5 5
pre-miRNA 3' ¥ 19 2 nt 58 H J¥ 51 45 &, 42 i
pre-miRNA M Drosha-DGCR8 & Gk h B, I 5
Exportin-5 254, Hhiz B4R >, X —it 3z
RanGTP i B i A5 . 7EAHBEA% N, RanGTP Ay ¥k
B &, A2 ff Exportin-5 5 pre-miRNA 2% &, M
Drosha-DGCR8 & K H R, 8 Theiz %,
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FEA M 5T, RanGTP M) ¥ B AIK, Exportin-5 5
pre-miRNA f45 G AT, B pre-miRNA, Jyfili
HHAT T —220y858) > (K1),

pre-miRNA #EAFT , BUREH 59l ™ 6 At
ATP * [ Dicer BRI IFBY VI, e Az il 5" B 1R
b 34T 2 nt 28 H IR S8 T 1 AUE RNA . 1%
A4 RNA £ miRNA/miRNA* ) SUIE 25, 22
il e M e fie , RAURFELSFY BRI, Horh— R HEIE A
K20 2125 MZH BRI /N neRNA, - Bl AE 4
miRNA, J)— 5K LR A V) 2= DI e () Bk K 294
B . B miRNA 5 Argonaute (AGO) 45&
£ i RNA i 5 U038 2 & ¥ (RNA-induced
silencing complex, RISC) H#%.Laa%, RISCidid
YT, AR mRNA S EIL R, PR E.
M mRNA, P EEPRERIL B (K1), HEThESE
R, RZFRISC Al LT EAMY mRNA, (HA
F0 4 HE R B RNA  (trigger RNA) 5 miRNA 45 &
J&i, ATRAZER RISC H ) AGO 2K 138 it 2K 1 1A
PR, miRNA MRISC iR R, #E A% R
DI BEREE A 2
2.1.2 SIS mirtroni& 1%

52 B AR AR Y miRNA (1) 2 i 5 PR U
TP H, %N FFYIFR A mirtron, mirtron
SIEH i 5L — i i RNA RE N5, B
J% % 4 mirtron i) mRNA i {& . % mRNA [ &K
pri-miRNA ML AU () Ui 28 254, B DL fE 8¢
Drosha-DGCR8 & A &R A5 V). [HiX 2 mRNA i
TR K Je L5 R AR Uity 7 A GU-AG BY 4240705, Al A
BEBT R 5 77 A 3 2 nt (Y ZE M, [RIAR HE R
W, 255 O8RS pre-miRNA {50 T, e
5 Exportin-5 454, S8 MdE Tk 5 4G iGRR &
BRI, TR miRNA, A miRNA 2
5 41 i RISC, 17 ¥ mRNA P fift ol 7 il 1 B
P (),

WA BT KB, miRNA 16 A [5)4)fh 2 [a] af
DB R T S Y RE % . miRNA FRIEA
—EHHS G, AR T HAD R, X Fhp
FRMAME RNA (xenomiR) ., xenomiR 45 & 718
WO, AT REL 23 TR T LA P A M A= 1 2E D Rg
B B ) R VR ) FM IR AE ) MIR 168a 28 5 I 18 W L
J& . ATHEAE, $0HIREE BEAR S AEE  1
FRIk, AT A ol 3 r 288 B i 2 1 o AR o
A2 xenomiR vt H Aifab T FIHB Bz, i A 757
A TEAIE AR AT LASoT ,  [R] i BRI 5 4k

2.2 miRNAFP&fESEmRNA

R 40 mRNA & miRNA PR F ik i o
MIBLE 2 — TEAREEH, PRAE A miRNA 5
K AGO HEEHEE G, B RISC, 1 AGO & 111
PIWI &5 a3k HLAT A% R P VDB D BE . miRNA 76
Ve RS S4E, 55 mRNA JF41 1) 3'UTR B A4MNT
FIBCXF, 1755 RISC A HE mRNA #EATEIH], (25
PR Al IR R A, A T AR A O 2 PR 3R GA
(1), HASEERSE, miRNA S 2~7 5 8/ hl Jk
PR miRNA B “Fh+7 541, HA mRNA [
3'UTR X 5 miRNA 1) “Ff 5" J§ 31 58 4 B AN X
A SpE VIR A, XA RS R 2 & A FE A
YR s Bt 57 J3 MR &L, miRNA
() NGS5 0] DA TR A NG S X, T
ARJRRT 3UTR X 2
2.3 miRNA#DH¥EmRNAFRIF

TENZEMEYAP, miRNA 5 H# mRNA (¢
SEA IR IEAE 2P HE BN 45 HoAM, miRNA [
T 7 591 38 4 5 88 mRNA JF 5584 B A, X240
IS5 I SCHE, TTERR TIP3 2 S X3, (5 an s
Ol Z 5 ) TIAEH PUBIEAE AL | 25 Bl AfasE
AECXT, SCFPECXT 7 XA Hl T mRNA REfE, b
PR E R, G H R Y R EAIL
Jo: EESRIGH B, miRNA 5 AGO % %5 L
K HSPOO 2 NF90 0 % 75 1 Jii 3 [W] 41 5 RISC,
#H EIFSA2 V| EIF2A . EIF4A1 ™ 25 FLRHIAE
T, SRR R A R TR s
m7GpppN MR 54, 4] B8 A 4 o7 o5 A 14U
TR (B 1) EAYH miRNA A 28
IR, BlINFERr T s 2, 4547 S'UTR
oy FF it 5] 52 #E  (open reading frame, ORF) [
AGO1-miRNA-RISC 7] LA7EZS (] 1 BHWiAZ A A 1 55
s, MImimH L E I . HE miRNA
FIAH HE mRNA B E PG ¥ AN B, miRNA
52U REER (R 22 18] (1) 2 VTR SR AT E A —
2.4 miRNAT LR ERIE

B %5 BF 95 B9 R WE IR A, BF ST AT R B,
miRNA B T 1 3 Rk, 38 mT 3 i #0 L A (1Y)
5O T mRNA B, DIARILHERE, &
FEIE 200 . miRNA AT RATERE 5K |- 5 40 5
B 5 sh ol 7 r 9 EiEAs A, feabe 3L
FEIR T miRNA AL AT S P 1) 38 255 DL )
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ST H, WEE 8T P 515 5 B neRNA &35,
WSS RS 2R 0 (D). BRIk b,
R R, 7T mRNA 3'UTR X BESF RS A &
% AU T (AU-rich element, AREs) £l miRNA
B 5 7] W miIRNA-AGO2-FXR1 & SRR BT 454,
I mRNA F5 K 4 I miRNA 7] PA7E
Hegta DRI k. BARC A RZAITIEH
miRNA ] _[ L R A 3Rk K7, (HEEE R TE 4
MU ETIEAED), 55 AR
2.5 miRNAR[EAIEREMROEH

WG &P, miRNA AT C. elegans 4
KEE, wmgifni. bEVTRABRERA,
miRNA Z 7l A7 £~ AE ) 2# ek, 7E bR dn B
miRNA A LA DNA SUE R & ), BHLE g 4 i
Gr%L, IR A SUVE R . AL N R R
EAHEZAEY MCM2-7) REHITIEEY (pre-

replication-complex, pre-RC) HJZLHERSY, 5 HAlh
T B — Y B DNA U A E R A% 0 4, 76 S
Wi DNA XEEE, SR DNAE S HAatt At
A, miR-214 " miR-107 ' ZE 0] Hli{H MCM2-
TEAWBIERG, B i DNA BUEE R BE, M i 1 ]
DNA & HIFZNME/2E (K1), miRNA A $flE i
Rt RNA RS, Soma i =,
2.6 miRNAERWEEEM

TG i F% DNA W LAk, 2028 F1sif,
Yeft R ¥, ncRNA K H@H %, HpkAfE
miRNA R EAEH, 441 m6A RNA H AL |
2-0- H1 54k . A-to-I RNA % %8 25 ] 38 3o ok 7%
miRNA X 1 mRNA A9 5 55 1 oK 52 1 miRNA 95
P, AT HS Bl S B — > miRNA X B £ 4>
mRNA %2/, Horft RNA F AL 2 miRNA i LA
W ist AR BB 28 5 FE Cajal MAHBFSE L BR,

Drosha

\ ENX
ﬁpre-miRNA

l

¢ Exportin-5

pre-miRNA % ‘/
l Dicer

2 g + v N
miRNA/miRNA" LI ET

N
FRFAFImIRNA

RISC

@

%@/).(X)(iﬁaﬁ)(}ﬁ BHT
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RS

)

FEFZE B

FH 1EDNA 5 i
DNA 2000000
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4
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Fig. 1 Generation and biological function of miRNA

E1 miRNARIER S EYF I
miRNA W] 2 MGRAR A R A L
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pri-miRNA 7] D1 % 42 m6A RNA H 54k &4, Hob
hnRNPA2B1 Ul 3 1 METTL3 itk & 4, iy H 3
k1) pri-miRNA JG#: 48 Drosha-DGCRS & & 1K 571
JE . pre-miRNA, & B pri-miRNA 1y 2 FH Fl
miRNA 8 /0, H: 1 coilin 2 A 5t 2 i o /2 gt
METTL3-METTL14-WTAP & & KBB4k
miRNA ARG, ISR R 5 BRazRmisfs
HLUHITE$ESN, miRNA I ] 38 13 #1 i]) DNA F 354652
fifg > 7 7 DNA 19 /346 5, miR-17 AT # 1] DNA
L4740 1 (DNA methyltransferase 1, DNMT1)
[ 3'UTR X, I DNMT1 3EIE, FFRARIAS 2%
(Parkinson’s disease, PD) £ 4t iy 54 B Ak
KF- 57, miRNA 5FRMBHEBA B R VIR, W
TAHERIZ, AHEPNE, (EPEALE] AR

3 miRNASZ &4 NIERNAFE R

miRNA 7] DL B 8 s S LR 3Rk, thakil i
5o 4 PE VIR RNA  (competing endogenous RNA,
ceRNA) THIEM %, S 5IHF LI . ceRNA
J& Pandolfi B2 7E 2001 4F 2 H ) — i, fRFR5E
FetE N R RNA, 2 — R 408 10 28 R 3R 18 R 5 45
B8 Hifth neRNA (£ 35 IncRNA, circRNA) .
RBE R R L S mRNA 2540 A] LUl i3 miRNA JZ
It (microRNA response elements, MREs) &
GrPE4E 5 miRNA, MMTE - miRNA W4, fifBR
miRNA X #8 JE R A P ek DA ) 2 08 42 0
() e TR K- 0 Sl R — NSRS AR 2
MREs, [fii—/>miRNA X R[5 ZANEARGE S i
W Z A A 2 R 5 & . I, miRNA 5
T neRNA LR FRIR KT

IncRNA 7] IVE R AR 52 4 2555 miRNA,  JA
TV 2% 15 BHL 1 miRNA X 0 E R A #0 A FH , 1A)
FEJH PE ML N 6 kUK OF 29 IncRNA A £4
MREs, AJ%54 24 miRNA, [6]i 5 244 frik
B, BRI, LEARTEDRS HERR I I T 4 /) BRUASE 7R
H1, IncRNA MIR22HG 1] 5e 44545 miR-9-3p, &
ZHHNIGF1 ik, FRKALT. AST. IL-6 fil TNF-o
(R L3 7K, sl A A5 405 F1 R JE ' IncRNA
A VY A e A 00 A AR ok s i e g 7 e A A
K&, IncRNA TUGI #3177 7E 2> miR-1-3p 2
AR, AISEELS G miR-1-3p, MM T G2/M
UL A0 0 b A5 2 0 v, A G 0 2
(1 T I Y 3 [ SR |1 0 N 0 2
IncRNA A I8 5 HLAR G g8 e By o FEA 0 AE P

IncRNA-XLOC_098131 3z 4+ 14 45 &5 miR-548s, I
V& Fos JfURSEIN, AP-1 75 73 (FOS) 3R
K, SR ERE AN TS B P A Y A B
AN A, PR GRRERE S

circRNA 43 . & & MREs, 7] 5 miRNA 2%
G, KIEmiRNAAREN . 5 IncRNA ML,
circRNA TEA: Yy R 4t fd AR AR e, AN 2 B i
fETHAFENE R EVER, B, circRNA AT RFELHE
5 miRNA %56, M R L PR 3 1k K7 9,
il 4, circRNA06209 3% 4+ P 45 & miR-6848-5p,
U ALOX15 ik, TEARSM L5 Al {2 g A fbR
(LN ok B e R e A= 1) = N e R
AT A R R Ak, DT P R R
circRNA 431 [ 5 H Feak WA iR iy &2 4 . 1T
MR 28, MdmiE S L0 R YT M A o hsa_
circRNA 104348 5% 4+ ¥ 45 & miR-187-3p, | M
RTKN2 £ ik, & o JH 40 J g 4 i 1) i 7% A=
2217 cirePVT1 W] LI o 55 4R I miR-24-3p A1
let-7a-5p, HALshE 45 G &M 1 (fascin actin-
bundling protein 1, FSCN1) (33, M it &
M 82 20 B 1 1R 283288 7. circRNA 43T 38 1 LU
M LA R e TIBe . ARSI, BAMAIEY) K&
HilFEd, circRNA 25 BB RS, 54K
[vi] B 4H A B AR R R TR OC 72

RS — R B SRS P A ML, 0
W E IO AN GRS 8 A LR B B I TR
A, ABEE TR e S AR Al R PR AT 0 e RS
miRNA, I3k 55 miRNA X H ] 5 5 PR i S A i 4 i)
YEHT, $2 TR U 3 R A 3 3k 7K Y A
UBDPI1 #4584, nI3E4rPE45 A miR-6072, BHAR I
5 UBD # AR AR EAE R, A 2 28 e o e 4 e
TR, A BT g R R o R T, 2k
I + UBDP1-UBD 7t & 4 () W #& 3L A,
BNIP3P1-BNIP3 */| PPIAP22-PPIA '*' | RACGAP
IP-RACGAP1 " &% B TIEIE R HF KL, N
MR B A 2 T e . (BIRR SRR ] 2R
MMLXEEE . ik TSR . 7E = PRI
(triple negative breast cancer, TNBC) 4t &, #j
2 0 B PR B§ B B & A 11 (glucuronidase beta
pseudogene 11, GUSBP11) #4fATE41E4E S miR-
579-3p, IE [ ¥ 5 #5 i %% iz /K 2 (sphingolipid
transporter 2, SPNS2) ik, #lili] TNBC 4t R it
B BRI, mPIH TNBCAIMERNAEE 7

mRNA 2 [8] 8 2555 4 P 25 & miRNA, - DA 177 3
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3 R GK o 7E T BE 4 L9 (glioblastoma
multiforme, GBM) ', CRMP5 iJ 3% 4+ ¥ 45 &
miR-155-5p, | Notch 5 i it /4 -DLL4 i) ik,
W% Notch {5 538 %, fiE#F GBM 4H M A4 5H , F%
REE AR R R, HAtbncRNA
(1 FE IncRNA, circRNA) . R & H 7 F AR UL K&
mRNA E 4 miRNA I B T — A~ E 4411 ceRNA
PRI, S R 2R A0 RS A A W R ) I AR
HIIRe, (HREAMEN LRSS, B2
() ELAR A DAL 75 AN T2 40

4 —4EE 4L R B4 B miRNA #0 H i
ncRNA

miRNA 5 HAth neRNA 2[RI F7 75 5 2% 1A A1
FHIREEM 4, eI nT 68 B A [R] A0 3 R B 4224 i,
XS B R B 5 2 G s AS R A R s A 1l 2 B
ncRNA, fJ45 miRNA. IncRNA. circRNA &, %
2R e iR 7 A5 miRNA 1 i 56 4
T IncRNA HyZmAS KL |, miRNA BEE HA5 R IR
FEA IncRNA B35 s % 5%, A2 miRNA NPRIE T
IncRNA fIfi7A4=, Filn, £ FYetaik 8q24 LAY 40
e g mT AR 5 v K B 1 (plasmacytoma variant
translocation 1, PVT1) F#IHOA N 2E08 5 10 Filig
FESEIREER AR &, (HREE R ARA, B
HNVRB, PVTL A LIZRES IncRNA Fll circRNA, i
A LGS miRNA, 4549 IncRNA-PVT1 AJ DL 5
miR-497 A ELAE MG ZR A, LR /Nt i s
(non-small cell lung cancer, NSCLC) Zi}g{= 72 #1
HIPET: Y circPVTL f PVTL 95 2 MG T
M PHEIE R, circPVT1 il 5 B-TrCP (—FF E3 72
R G54 ke g tEmifil c-Myc iz Z4k, 2
PES I AR R ZE AR ™, cirePVT1 WL ABIEIE
1R AR 454 miR-1208 B NSCLC 40 g it i 5
TRURME I LR 28 ™ T By PV T SE R e ]
PLF= A — 2 6 R B miRNA 41 A9 #% : miR-
1204, miR-1205. miR-1206. miR-1207-3p. miR-
1207-5p flmiR-1208 ™', o5 kM, LR
N 45 B 7 9 HCT116 40} 5] 2 miR-1204, miR-
1206, miR-1207-3p FlmiR-1208 %3k Fif, 52
A miR-1204 (1338 W 3EHE I, miR-1204 119 57137
FIR BB pS3ACEHEN, I LAER 4 pS3 A Uy 5K
SEAIET ), 4P IncRNA-H19 BERSTE 5 41
Ji 3 P45 A miR-let-7a, (R EEAESY
WHEB2 (COPB2) FKik, il H B4l T =,

Ifif IncRNA-H19 th §E38 13 77 4= miR-675-5p 7, 7E44,
BINEFZ AP ] GATA2, SR EINET R
MR ™,

TE— BB 52 v 38 B B IR 2 miRNA 75 32 2
4% & B H A IncRNA 19 I BE 45k . il 40,
miR-100 A 75 3L MIR100HG, W] L5 hnRNPA2
Bl #H HAE R, |4 TCF7L2 mRNA 4 5& #
MIRI55HG /& miR-155 15 F 5, AL T YL Ak
21q21 I, miR-155 EFUESZREMSE Db IR A= K 0
AR WS 2P, IncRNA MIR155HG 7] 38 1+ i80%
GC 4 it i NF-«B 1 STAT3 3 [ 3 185 55 184 5 11 1T
B U AN, MIRISSHG ik mtth—Fp K3 17 4
R EL R B9 WU miPEP155, A i H A W AE L 48 1
92 JER miRNA 5 HA neRNA R FE R . 3
KA LAFTEAE R AR, XS I R o AN [
R S P SE R SR PR T i R A
5

Bz

Yo - LAY AR - &K R A BT
miRNA 19 & IR 5% 5 5 RN R %, T
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Table 1 Development of miRNA-based drugs
&1 miRNAZGY L E

2R AEFFmIRNA I RIS B B & RE HFR 25 ]
Miravirsen miR-122 2 SRV Santaris Pharma A/S
Remlarsen (MRG-201) miR-29 2 PRIRIZ miRagen Therapeutics, Inc.
MRG-110 miR-92a 1 e e B R miRagen Therapeutics, Inc.
RGLS4326 miR-17 1 EZ 3y Regulus Therapeutics Inc.
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MRX34 miR-34a 2 GED BEEZR Mirna Therapeutics, Inc.
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INT-1B3 miR-193a-3p 1 (&1k) SEAA R InteRNA
Lademirsen (SAR339375) miR-21 2 (&b AlportZi & Genzyme
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IE, #R#EK A T ClinicalTrials.gov {5 B, HAETE
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Abstract The 2024 Nobel Prize in Physiology or Medicine was awarded to American scientists Victor Ambros
and Gary Ruvkun in recognition of their discovery of microRNA (miRNA) and its role in regulating gene
expression at the post-transcriptional level. miRNA is a type of small non-coding RNA (ncRNA) that regulates
gene expression by binding to messenger RNA (mRNA). It exists not only in model organisms such as
Caenorhabditis elegans (C. elegans) but also plays an important role in multicellular organisms, including
humans, participating in regulating key life activities such as the cell cycle, cell death, and tissue differentiation.
miRNAs have also been found in viruses, where they are involved in the process of viral infection. The discovery
of miRNA has not only opened up a new research field in ncRNA but also challenged the classic “central dogma”
of molecular biology. This dogma traditionally transcribes the linear transmission of genetic information: from
DNA to mRNA, then translated into proteins, which ultimately carry out biological functions. However, due to the
competitive binding of miRNAs with mRNA and other ncRNAs in cells, such as long non-coding RNA (IncRNA)
and circular RNA (circRNA), a vast and complex gene expression regulatory network, known as the competing
endogenous RNA (ceRNA) network, has emerged. The complexity and sophistication of the ceRNA regulatory
network offer new perspectives for transcriptome research, aid in the exploration of gene functions and regulatory
mechanisms at a deeper level, and then enable a more comprehensive understanding of various biological
phenomena. Moreover, a complex interaction and regulatory network exists between miRNA and other ncRNAs.
miRNA and other ncRNAs may also be generated through the splicing of the same genes, which have complex
transcripts capable of simultaneously producing multiple types of ncRNAs, including miRNA, IncRNA, circRNA,
etc., all of which are involved in a variety of biological processes. Meanwhile, miRNA itself is encoded by genes
in the genome, and its expression is also regulated by other coding or ncRNAs. Together with mRNA and other
ncRNAs, miRNA finely regulates the life activities of cells and affects the physiological and pathological
functions of the body. The dysregulation of miRNA expression is closely linked to the onset and progression of
many diseases, particularly cancers, cardiovascular diseases, and neurodegenerative disordors. Furthermore,
miRNA provides new molecular markers and targets for the diagnosis and treatment of these diseases. In terms of
disease diagnosis, miRNA can stably exist in body fluids and serve as a biomarker for many diseases. The
research and development of miRNA drugs is currently advancing rapidly. At present, the research and
development of miRNA drugs mainly includes endogenous miRNA analogs and inhibitors targeting endogenous
miRNA. Although challenges such as stability, immunogenicity, and permeability remain, advances in chemical
modification and delivery technologies are gradually overcoming these obstacles, promoting the clinical
translation of miRNA-based drugs. This article summarizes the discovery, mechanism of action, and biological
functions of miRNAs, as well as their interaction networks with other ncRNAs, and explores the future prospects

of miRNA applications.
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