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Piwisk A AH B {E A IIRNA(piRNA). J3 & 7 A % 1)
RNA(PAR) A 58 T RNA(eRNA)[2-4].

ncRNAJZ — 0] DLTE 20 20 T 88 R 4% 55 B R 45 4
FH 5> T3 55 . neRNATEH A TREFNA, S H
ncRNAKCE Y VEAN ML v PR 3 2 T AR /4 40
L ) 40 B 2247 R s e PR R ) BRI A L P s . 5
B EF, miRNA. siRNAMIncRNAZ H il £ EHK BA
W AE B A B IneRNA. miRNAJE —25/MRNA, EAl]
AT DA T R R DR Sk kR T I A T
Ae, BIEMEIE. TR, . HTEE Rkefic sl
FEAATHIT 32 KIE[5-7]. IncRNASE — IS 5 {1 B A% L
KT, LBt R E Y, R R S E AR
AH EAF FH & SR B A T YRR E AL, BPE A
B4 5 L R R IA 8,91, Ak, IncRNAW] LU it 4+
JFmiRNA - HEEE R (1) 455 52001 mi RN A2 DR ) i 48
IncRNAJLF- 50 FE Rl 45 (1) B — 20, JCHAESEALEE R 3%
KRB AE P T B T2 I FE[10,11].

2. NcRNA 7E4H4R T2 A

ncRNAFEAL L TRE P BN 2632 5038, A2 I
2, FRATHER T % FincRNATEAI U TRE . 4
THE. B TRE . WUAH L TR H A TR
IR AE N o

R1 ncRNATEALZUTRE 138 7E R

2.1 MAHL T

P4 R GUEFE AR 4 R G (CNS)FIE Bl 1 4 &
Gt (PNS). fEImKSEE A, #h4 5RG 440 2 % W,
PREH A BARIIA R, HibmEH TR S
BRIk TS . MEHA M E LRI ZE
() 5 R 22— 2 R T 48 3R G0 5 AN e 2 451405 JiE I A
THAMWAE SEN, K HN TR — =
B RS SO XM AN T AR B AR, DT A A
LA,

TEMEH T RE, Fh 7 40 M b A N 353495 b wih 42,
BATTAT DA A2 AR K R B g A B B (ECM), - AT AR
HERRZE FEAE A 22 0 I 0 oo 22 2 Joi 400 i 2 P 2 21 4T
PR & Z M4 E R, it sET4iM b T HA
A B IR A R S, R
A FHEHL TR . KHikncRNATEZH 2 TR
R BEEPAEMES TR, LS. 2k R4
(& D[12-200],

2.1.1. M T4

(M EF/HM. #HET400 5 & EH A5t
[FIRE T A2 2 40 i B A T H 2 TAZ 0 0GB . miR-25,
miR-124/124a. miR-200A1miR-106b-25 7] DLz 4T
YU A TE I 04k, miR-9. let-7dw] DA HE L M fih
JCAT R TE B R 40 i 434 [16,17]. miR-34afE 5 2 14

Cell type and function ncRNAs

Nerve
Neural stem/progenitor cells
Promote proliferation

Induce differentiation

miR-25 [12]; miR-137 [13]; miR-184 [14]; miR-195 [15]
miR-9, siRNA-TLX [16]; let-7d [17]; miR-137 [13]; miR-184 [14]; miR-195 [15]; miR-34a [18]; IncR-

NA-BDNF-AS, siRNA-BDNF-AS [19]

Mesenchymal stem cells
Induce differentiation
Reduce differentiation

Neuronal cells
Inhibit cell death

miR-9 [20]; miR-124 [21]
miR-128 [22]

NA-Apaf-1 [28]
Promote cell death
Regulate degeneration and apoptosis
Promote neurite outgrowth

miR-223 [23]; miR-181c [24]; miR-592 [25]; miR-424 [26]; miR-23a-3p [27]; miR-23a/b, miR-27a/b, siR-

miR-134 [29]; miR-200¢ [30]; miR-30a/b [31-33]; miR-124 [34]; miR-711 [35]
miR-20a [36]; miR-29b [37]; miR-146a, siRNA-miR 146a [38]
miR-7 [39]; miR-21 [40]; miR-222, siRNA-PTEN [41]; miR-8 [42]; miR-431 [43]; miR-145 [44]; IncR-

NA-uc.217 [45]; miR-138, siRNA-SIRT1 [46]

Microglial cells
Inhibit inflammation

Promote pro-inflammation
Inhibit activation

Astrocytes

Promote proliferation

miR-155 [49]
let-7c-5p [50]

miR-17-5p [51]
miR-146a [52]
miR-181 [24]

Inhibit inflammation
Promote activation and differentiation

let-7c [47]; miR-124, siRNA-C/EBP-a [48]




Table 1 (continued)

Cell type and function

ncRNAs

Inhibit proliferation and migration
Schwann cells

Inhibit proliferation and migration
Promote proliferation and migration
Inhibit migration

Promote migration

Regulate dedifferentiation and proliferation
Regulate myelination

Regulate fibrinolysis

Liver

Stem/progenitor cells

Reduce differentiation

Induce differentiation

Induce/reduce differentiation
Reduce differentiation and engraftment

Hepatocytes

Promote proliferation
Inhibit proliferation

Regulate cholesterol metabolism

Promote migration

Inhibit apoptosis and inflammation
Cholangiocytes

Inhibit cell function

Skin

Epithelial stem cells

Inhibit proliferation, induce differentiation
Induce differentiation

Inhibit proliferation

Improve proliferation, reduce
differentiation

Inhibit proliferation, induce differentiation
Keratinocytes

Improve migration

Inhibit migration, improve proliferation
Inhibit migration

Improve migration, inhibit migration
Improve migration and proliferation
Regulate apoptosis

Fibroblasts
Inhibit proliferation

Improve proliferation

Induce senescence

Improve migration

Induce epithelial-mesenchymal transition
Reduce epithelial-mesenchymal transition
Reduce transdifferentiation

Decrease extracellular matrix deposition
Increase extracellular matrix deposition
Increase mechano-transduction

Control collagen stabilization
Melanocytes

Inhibit apoptosis

Muscle

Myoblasts
Induce differentiation

Promote proliferation

Promote proliferation and reduce
differentiation

Reduce differentiation

Promote proliferation and migration

IncRNA-SCIR1 [53]

miR-182 [54]; let-7 [55]; miR-1 [56]
miR-221, miR-222 [57]

miR-9 [58]
miR-132 [59
miR-34a [60
miR-140 [60
miR-340 [62

]
]
J; miR-29a [61]

]

let-7b [63]; let-7f [64]

miR-1246, miR-1290, miR-148a, miR-30a, miR-30a, miR-424 [65]

miR-122, siRNA-FoxA1 [6668]
miR-199a-5p, sikNA-SMARCA4, siRNA-MST! [69]

miR-21 [70-72]; miR-211 [73]; IncRNA-URHC [74]

miR-26a [75]; miR-33 [76]; miR-127, siRNA-Bcl6 [77]; miR-378 [70]; IncRNA-H19 [78]
IncRNA-HC [79]

IncRNA-HOTAIR [80]

IncRNA-TUGI [81]

miR-506 [82]

miR-203 [83-86]

miR-27b, miR-224 [87]; miR-574-3p, miR-31 [88]

miR-34, siRNA-P63 [89]; miR-720 [90]; miR-210, siRNA-E,F, [91]
miR-125b, siRNA-FGFR, [92,93]

miR-24, siRNA-PAK4 [94]

miR-205 [95-97]

miR-483-3p [98]

miR-198 [99]

miR-21 [100,101]

miR-31, siRNA-EMP-1, siRNA-TGF- [102]
IncRNA-p21 [103]

let-7, miR-125 [104]

miR-29 [104]; miR-21 [105]; miR-22 [106]; IncRNA-H19 [107]
miR-152, miR-181a [108]; miR-141 [109]; miR-143 [110]; miR-519a [111]
miR-21 [112]

miR-34 [113]; let-7 [114]

miR-200 [113]

miR-146a [115,116]; miR-7 [117]

miR-29 [118,119]; miR-150 [120]; miR-19a [121]

miR-92a [122]

miR-21 [123-125]

IncRNA-TSIX, siRNA-TSIX [126]

miR-17 [127,128]

IncRNA-MD1 [129]; miR-1 [130]; IncRNA-MyoD [131]; IncRNA-Dum [132]; IncRNA-MUNC [133]; IncR-
NA-YY1 [134]; miR-29 [135]; miR-181 [136]; IncRNA-H19 [137]; miR-322, miR-503 [138]

miR-133 [130]

IncRNA-sirt] AS [139]; IncRNA-Malatl [31,140]; IncRNA-31 [141]

miR-23a, siRNA-Myh [77]
miR-486 [142]




Table 1 (continued)

Cell type and function ncRNAs

Skeletal muscle satellite cells
Induce differentiation

Inhibit proliferation and induce
differentiation

Skeletal muscle stem cells
Inhibit differentiation

Induce cell-cycle arrest
Cardiac progenitor cells
Control the balance between differentiation miR-1 [149]
and proliferation

Inhibit proliferation and induce
differentiation

Enhance cardiac remodeling and
reduce survival

miR-1, miR-206 [146]

miR-669a/q [147]
miR-195, miR-497 [148]

Inhibit apoptosis miR-138 [155]

Cardiomyocytes

Inhibit apoptosis

Regulate differentiation and remodeling miR-21, miR-129, miR-212 [159]
Promote hypertrophy miR-22 [160]

Promote muscle growth miR-486 [142]
Induce proliferation
Inhibit hypertrophy

Promote apoptosis
Cardiac fibroblasts
Inhibit proliferation
Promote proliferation

IncRNA-H19 [163]
IncRNA-NRF [164]

miR-101 [165]
IncRNA-H19 [166]

miR-206 [143]; miR-214, siRNA-Ezh2 [144]; miR-27b [145]

miR-133a [150]; miR-1, miR-499 [151]

miR-208a [152,153]; miR-28b [154]

miR-21 [156]; miR-214 [157]; miR-24 [52]; IncRNA-MHRT [158]

miR-199a, miR-590 [161]; miR-17-92 [162]

Induce reprogramming to cardiomyocytes miR-1, miR-133, miR-208, miR-499 [167]

Vascular

Endothelial cells

Inhibit proliferation

Promote proliferation and/or migration

miR-34a [168]; miR-19a [169]; miR-200c, sikRNA-ZEB1 [170]
miR-126-5p [171]; miR-210 [172]; miR-424 [173]; IncRNA-H19 [81]

Induce senescence and reduce angiogenesis miR-34a [168]; miR-217 [174]; miR-17-92 [175]; miR-503 [176]; siRNA-ROBO4 [177]

Inhibit migration and angiogenesis miR-101, siRNA-EZH2 [178]

Promote angiogenesis
miR-126 [180]

Promote apoptosis and senescence

Inhibit proliferation, migration, and

apoptosis

Regulate inflammation
siRNA-RECK [186]

Smooth muscle cells

Induce differentiation and inhibit

proliferation

Inhibit proliferation, migration, and

apoptosis

Promote migration

Promote proliferation

Promote proliferation and inhibit apoptosis miR-21 [191]

miR-503 [176]

miR-17-5p, miR-18a, miR-31, miR-155 [179]; miR-210 [172]; miR-424 [173]; IncRNA-H19 [81];

miR-200c, siRNA-ZEB1 [170]; PINC [181]
miR-503 [176]; miR-155, siRNA-RhoA, siRNA-MYLK [182]

miR-92a, siRNA-KLF4 [183]; miR-663 [184]; miR-10a [185]; miR-712, miR-502, sikNA-TIMP3,

miR-143, miR-145 [187]; IncRNA-MYOSLID [166]

miR-712, miR-502, siRNA-TIMP3, siRNA-RECK [186]; miR-24, siRNA-Trb3 [188]
miR-24, siRNA-Trb3 [188]; miR-221, miR-222, siRNA-Kip1, siRNA-Kip2 [189]; miR-34a [190]

Inhibit proliferation and promote apoptosis IncRNA-HIF1A-AST [33]; IncRNA-p21 [192]

Reduce elastin levels miR-29a [193]

Regulate phenotype siRNA-Jaggedl [194]
Fibroblasts

Reduce elastin levels miR-29a [193]

Stem cells

Induce differentiation
Reduce differentiation
Endothelial progenitor cells
Inhibit survival and migration

miR-15a, miR-16 [200]

miR-145 [195]; miR-200c, miR-150, siRNA-ZEB1 [196]; miR-1 [197]; miR-10a [198]
siIRNA-NOX4, siRNA-TGE-B [199]

NeuN i1 5E, I 5R 002 7T I i R 22 40 i
TR TE I R IS K. A, B TR AR 2 R AR
AR 200 6 P 400 Y 4 B B B R 2 DU BE . miR-25. miR-
137, miR-184F1miR-195F] LA 5 b 22 41 Jid 1 4 5,
XA F T 3R AT 2 9 1) 40 A 25 1k 52 20 2R 45 7 A D)y g
[12-15]. miR-137. miR-184f1miR-195tA] DL i {2

A 22 40 B A4 T 3G 0 e 8 0 R R TR R 5 4 i )
BE[13-15].

(2) [BFEFRF4MAR (MSC) . MSCRZRETUNM, AL
TR HER T . B R R T AR 2 A, T HoRT A
T AR A BE SR AT KRS 1Y, PR vz N T4
ITEERIE )T &R . miR-9FImiR-124 BEE FEMSC»
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N I REMEAIZ G, TTmiR-128 FPE A MSC oy
N TR 16,21,22].

2.1.2. P41

P e, & T iIE T Rk Z R R 2
—, PR T e TAIMRAE T R IR . miR-
223, miR-181c. miR-592. miR-424. miR-23a-3p. miR-
23a/bFImiR-27a/bAESRI 1145 J0 Fo 52 B 114 A 453455 )5 5
FI AT [23-28], MimiR-134. miR-200c. miR-
30a/by miR-124F1ImiR-711 0] & 3k # 28 70 40 M 1 BE 12
[29-32,34,35,201]. AT+, miR-20ai8id 8 [" Ngnl
51 32 Bl 4 28 7T 11 A2 PE[36], miR-29bil 1T I /> Bad.,
Bim. PumafNoxal)FiEKF T & e IET:[37].
FEI A 45145 1, miR-21 F1miR-222 3 26 32 BE IR/ 2 it
AT, HEREF ALY (dorsal root ganglion, DRG) 4
2 5015 PE[40,41]. miR-146a/t T T DRGH# £ JC 75 = b
RS FHIPET[38].

53473 11 8 0 Bt R 1) T A K R R 4 R I O
miR-21F1 miR-222# i 8 [5] Sprouty2 FPTEN 73l i 14
2 il 98 A K [40,41]. miR-8. miR-431. miR-145741
miR-138 7548 il 78 26 A o B TR 15 [42-44,46] .
4k, IncRNA-uc.2177E DRGH 4 5 i Bl 284645 o 1 4%
hRAEK[45],

2.1.3. PRE IR 5 4 Y

() INFERREMBE. /M AN AE R R Fh 8 R G 2L
HHEIEAEM, let-7cE SR I R 45 15 H #0128 g o3 41 i
&AL [47]. miR-124REfE M &4, 8T /NI R
Y1 i B AR 98 R S B, AT B 1k 4k R PE 45 45 [48]. miR-
155 REIAFEMIL M2RAIF LR, 38 16 15 /08 e o 4 g
S 2 FE M S SR R 98 A2 [49]

(2) 2R RYEA . TR0 40 i A — PR = 1w
LM, 7E PRI R G . AR AT )
A& A Bl Hh O R 0405 2 5 S0 SR AL 1 R b A A HE
B, A SR A ()l 2 A KR PR JE R
O 2 AR T g ol 4 L V7S ok dk e oy o) AT 7 1T DAY 3 A 5
A, SN, RN AEE S A A F 5 S 8
B G E N 7E . miR-17-5pidih S8 v 40 i & M il 7 p21
FIRBUE B 2T R Jir 40 M HE B [51]. miR-181 521 & &
iz 5 200 48 SR DR 1 P 23, R L PR R 4 B P i AL A
A[24]. miR-146ai i 18 5 2 T e Jo3 40 o 4 e 25 1
B, BEAPURIEN, FWmiR-146an] LT 4k A& 1445

i, MR IFHZIEE [52].

(3) HtE 7 2mBE. it J3 4 2 B B Rh 22 2R G 1) B
LA, FEJE B AR B SRR . 4
M e = A R AR R, i 2 AR K R (NGF) fixi i
Pdh 25 FE R T (BDNF)2[202]. LAk, Jiti 7 4m i B
TWRAE ), BERSIH SREEEAE Fr, X SRR M i 7 2 ok
ML TR N H B 2 ISR . Ak, T
2 o e AE Bl RN S 25 0 A UK A IR ES, 404k
&, i 4R R RE e I M TR In4r i H . A K
PR TFAMIVE . BLAh, it 7 4 M 7% 21 32 4% AL
AR RIENREAT LT Rk, 7R HE R T &
it 3 AR B T AT R (R RE J, AT DA IERR A B AE . miR-
182 7F Al Bt 2 4 4% L1, I B B R FGF9MINTMA)
5| it 2 P 48 B AT AS [54], T miR-221 FlmiR-222 i
ik B ) LASS2{i 13 Jih 5 2 ML FR G BE AT A2 [57] . miR-93H
IR CTHRC IA¥ Tt /5 AR 3T 7%, ki SaT LA
Racl GTPHE§FIIEME[58]. miR-132 7] LA 3kt /7 2 i (1)
A, M s R F A2 A2 [59]. miR-34afE ) 4
L5 G, WL E Notch 15 Cyclin D1A] LLE 5 jiE 3
2 AL ) 53 AR RS B [60]

NGF2 A E IR 72— MR R, AT A
PR3k B P4 R M A TC AT PRI R AR, I RREE
o X 2 RGN T RE R e . 2R
B, NGFXI#&FHARAHEMRENER, HibFH—
6 B Az R T SR A M, NG 1 3 A 45 I IR S
Fo let-70] LA #EHNGF, IHINGFE A KIEIE, M
T S 25 A 1 e T AR B A S A A RS, 45 AR B Let-7 4D
il 500 AT DA S i SR AR 85 % 0 it 3 40 BN GF Y 43 i, 33T
N ILE RS IR DRGH A T IR A . A, let-7 4
AT LAt 5 AR AR T, I AT RS R A 2 45 455 1 — b
AR B Bi[55]. AL, NGFRE A T miR-221/22211) %
15, FWHlet-70] LLE TS0 A 2 NGF, NGFit— i
miR-221/222 1Rk, HEm A5 /7 A 3G E .. T8
LR, X REH AR let-7 5 T AR AL — 2K
5. IbAh, miR-1 0] LR A 5 4h 2278 72 [ BDNF,
TV 15 5t 3 4 P S T A A2 [56]

it 3 2 B JE Rl # R G R e T RORE A, IX N T
Ji LA 28 22 G oK Ut B L) AR ) F S AE, miR-14018 5
B SR NP EGR2, AT DLE ™Y jiti 77 41 i B8 810 (607,
11 miR-29aif ik #E [n] PMP22 1 15 jtis /3 41 B (1 B ¥ 4k [61]

JHE s 5, 0 2k A RE o e, BE
T P ARk 1 98 R L 2 BELAS 328 4 5% 1) S 2% F 10 4



Ko miR-3407E AR P22 FEAE I AR v, 30 o 0 g B AT B
i 5 0 MV R S E 0 0 42 5 TR B A B tPA, AT
LRI, BE TR R P IS R AT R R AR [62].

2.2, FFH L TFE

RFE R N K38 B 2 —, 2tk M i ™ &
B E AR . UL, AR S B AR RS A T T
(R IE DAL A BB AT A TSt n s, A
M R A () R AR JUE 5 A e R R 2R I K i T 34 W R
[203,204]. 5 T-HCE BN AT 5 BR800 HE 50 2 B 3 3
NAEERE AR S A B, DRI AR 4 TR A T B A2
JRVETT B A B SRR [205]

FHF A 223 T2 (1) H ) 2 I B B3 24 S 4% sl AR A2
PIRFAE . WEFCERAE, 75 —Se/B3E, FRELEFEd, JFRER
—ncRNA B A £ 7 #iA[206-210]. ncRNAREWE AL iFE
JHF 248 e P 38 5 0 5 S 1 40 B 1) 4 M 1 43 4k . miR-21
AImiR-378 ¥ REMEAETIBR2/3 A J i 41 Btg2 A1 %
R R F TS MEE BEDNA A A [70]. miR-21REWLiE
Tk e JE AR DR 2 4 B A B B G U 1) S Ak
TR I P A2 (717 miR-33 F30 6] B 0% 5 35 (e 3 T
S A [76]. miR-26afMmiR-12745 BEME 15 20 i ) 45
§E[75,77,211],

ncRINA T FH 1845 20 i B Ath KL 200 i 1) JHF- 40 A
Kok, AEFIEAHZ TRt B LR A . miR-
122 1) 3k 323K e % $2 = JH 40 M 43 46 [66,212], 11 H.miR-
122 (1 2 I8 B AE /I BRUVR IR T 40 B ) B 40 Bl 2 Ak i 7 o
BEHFHGIN[68]. let-7 RS U #2517 2H 2R 5 1) 18] 78 o1+
Y1 B S R T 1 4 A (631, HL, B X BT iR 97 4
— R FImiRNAEL A miRNAT] BERCR 4, Hltn, 7
miRNA(miR-1246. miR-1290. miR-148a. miR-30a.
miR-424. miR-542-5pF1miR-122)f)id Rk FEML 5 S A
(] 78 Jo3 4 1) A ) e P ol 8 P JHE A4 B 2 AL, T A
miRNAAGEJE B IX A0 I R [65]

54 R g0, RIER BN SGER D, HEAT
FEITEALANA ) D e 75 2 — AN AR R 1 S 4k R 46
¥, T B2 4 M 2 18] AR BAE T, X & AR i
AU A ) JE [ 213,214]. miRNATE % HE F &
S 84 5 7 T R B [215], —SE R SR s T EAR A
g R S EmiRNAIPE T . b, miR-317E AR
5T R IARE M AF RAS/MAPKAE Sl #%[216], miR-138
B BB RhoC, AT RE W5 1A 42 H A s (1) 38 5 . 4f
L E IATEFE[217]. miR-506 A% A AE2 £k, 1

9

il miR -506 1) 3R 1K REL 1E JR & RE VA 40 Fh i E AE2
DIREHI K IE[82]. AN, miR-125b/let-7aft [IHE 41 it
2R 025 1 18 VR REE N IFHIR VR T HOA B [218].

2.3. BRI TR

TEIE B B, R DR 9 1 PR 01 5 SR AS 7 38
hne HZUTHE RGP EAII — w707k, TA2
B IR R J 1 % B SR P R AR L AT N, TTne RN AT HY
PR N FH Be % v IR ZH 23 T A2 B R 1B (1) — Le faefig . Jdad
ncRNA AL M R B FIThAEE, AV TR KRB
AL T —/N AT HAE BRI 7%, WimiRNAR LLTE 7k
HZ TR o Rk s [219]. TTneRNAS &k 2H
ZULREMNL S, AT AR — A2 2 300 Kk
H T FE[220].

R TR B R A 2 TR F AR A,
T2 M 2 A B R e v, XS RO R PR A 23 AR ) R
AR PR . miRNAW] DAFE ] b B =24 i () 38 58 DA S 1)
R34 [221]. miR-203 % JZ kAN HA & 2 F iz 41
LTG0 ML ) T 1 4 o B BB R [222-224] b
&k, miR-203. miR-720F1miR-574-3pid it B 2 %L [ p63,
AT CAYA B BT, HERFHE A AR R3S B (89, 90].

N B 240 53 ARG R FR) # JO A A R TR AR AR T —
A BERE . miR-205 (8 5 1 0T 48 P AL #£[95,96], miR-
198 FImiR-2 1 ik 1A 5 1 R M T #,  Bl R I 5184
@A A9 [99]. miR-31 REHS (L i3k A o 41 A T A A
H9HE[102], miR-483-3p7E f1 JiT 40 i S 87 b B2 A i) dse fm —
AP E AR [225]

PR AT HE AT A2 F7 4 2 B A . 7R S YL S
AN AL T F RS R AT 4R, let-7 A B
VFEINRE[104], miR-22 BEME I8 i VR4 40 Mo 5 1 ) LA %
BRIE R 1 AT 4E AR MG BB [106] . Faraonio®§[226]#k
T8 7 AR AR AT dE g e, 24D miRN AL i 4% 48
M2 AR [226], TEIXEEmiRNAH, miR-210. miR-
376a. miR-486-5p. miR-494 FlmiR-542-5pRE# {2 DNA
W0 B R, TimiR-21 AE0% U2 i 2T 4E 40 i 13T
%, X0 R RZHZA AR iR g AR B 22 [100,101].

A HROE TR 2 € 2 20 I BB 1 Rl N 3R R RN L R ) R R
R F[227]. WFFLEH, —LEmiRNARERE M B AR
JRI I A R R [228-230]. miR-17REM 7E Dicerfil V) 1 5
JE R 1) Bim M) R €A SR AN A T2 127] . miR-137+
miR-182F1miR-340 G % 142 & €4 2298 4H M o 110 /) FIR e
TEAH R % 7 K- [231-233].
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2.4 NIPHA T2

ENEAF, PIAR IERIRAE, ERewa) &4 T
1B, Eean AR LA 1 Sk 3l . S kIR, B LD
PWNRIZ A RBE . WUAR 1 R A TE 42 BR A 500
AFET A — & L E [234].

FESL R AS I R4 BEAS SR A 20, Rk, LA
H TR T TAURMIEITS R 1T Z R A8
LAERH BA AYETER 71 B R 5 B R A YA
BNV SRS &, By TR E &9, S8
JERZE G NZ B SOIAL, A TTTIE B 5 614
AEE 2 THAE K H 1[235,236]. ncRNAREHS IH% 140 il
1) 2 2R DL K v 458 40U R A IR 14 1 4 PR R 129, 1A
I neRNA(F ZE miRNAYVE 32 - T Ha L. UL K
B A LA VLA RELA0 P ) AR VB RE (1)

MM, WIAMXmiRNA, #1 miR-1. miR-133
AmiR-206, £ 5L T B P AR o B % 4% 22
YE 237 miR-138 1 40 /) HD A C41E HE 44 4h 1% 7% 1 1%,
JULZM B 4 46, miR-133 38 ik 40 il Sr1y 2 1A 51 ¥ s UL 41
I FE[130]. miR-206REAEHE M AL RS 77 A K B
() B B VLT A2 [ 1431 LA K 9518 JUL 258 400 ) 2% s 4K E 1 T2 Rt
[238]. LtAk, IncRNA-MDI1{E Jy 38 4 1 F0 i 57, 301
miR-133f1miR-135 5§ KIMAML1 fIMEF2CHI 45 &,
T 3E— 25 5w SO B 1 26 [129]

Bl WIAHR TR A2 2 T4, +
4 My 1B Y LA H 2352 AR A0 A, 734 B ok 1) Bt
Lam i, FEEIKE LA DI RE. Satofs [ 14810 5t 3 W 7E
BRI/ R A, miR-195F1 miR-497 76 8% N1 41 i
(MuSCs)fe i [m) 40 i i FIAH DG HE R, T4 = LY AR
HE /7o

miRNATE QYU S P gy i M, TEHE
ANER S RERC IR LS A /N RO UREZE S, miRNARESS
T UL RIS 161]. 7RO EHH 40 L (CPCs)IIP ik
LR H, miRNARESS AT =405 7 v R 3%
l, miR-1¥E A Hand 2405 O NEH A Y 5K, MimiR-1
dif B AL /N BRI G BT S 1 0 IR R T, B T IR
10.5K[149]. FREFRAEC LB H, miRNARER
ARG ) LA R 78 )%, miR-21. miR-129. miR-
21288488 51 2 3 A= K B WL i B IR ARG ) Lo i 2 TR
I E g FE[159]. fEE RS, miR-22FImiR-133aif it
AR o F LA B Hh S 1) R 388 A% 18 8 R 752 1 o U P S
JEPEEHE[239],

Mz, WURIZH 2 TR AT DU & S ne RN AT % 1
BRULT4UAE . 43105 0o L0 B B0 LT 41 B 25 b -7 41
W, SRS, TR R R, T 0
JULIVL PRI AR LA ) A e 77 [240]

2.5, M HR T

M RSk 45, o FRELHk,. BTN
E A P M, I RE RS 1% S R G I 4T i A
IR [241,242]) . I H Z TR S 48 R A 40 o 2 A 41
ORI 5> F R AL A A S S, SRl HEME
A, MMVKE . 4ERFEiscGE 8 A DiRe[241].
M HATRES, ncRNAR DL 58 DAGH i 9 LR 1K) 4
ST I A P 0 ) B i R 2, mT DAk 40 2 A
FCLE AP, SRS PR T 3028, neRNAIE AT DL 40
SUTFR A TR A Thae, 0T DA HIT & AR B 4y
FRIA[243,244],

I 78 = 2 PN B 0 (ECs) AP LT B (SMCs)
R, DRI PN R A48 B RE ST i LA B A I 2 2R TR I
EURPF4H M, ncRNATE ML 20 23 T F% o i B FH 2 24
HRE X K P e 40 AP TR 4% o P B AT 7 G TE LA RS
BANZE, MRS ARSI e, JHFEREM
AR JE I T R iR B E  [241]. miR-34afimiR-
2072 HE N MM 2, RIHIX Eemi RN A 0157 g
WU SR N R A 2, AR 3k AR A [168,174]. miR-
424, miR-17-5p. miR-18a. miR-31F1miR-155RE {4 11
) e B AL B I A2 [ 173,179]. miR-210 A1 miR-
126-5pREAEHE P B2 4B (K 345 [ 171,172]. 17 H., ncRNA
Al DL Bk 5 2E K R T (GFs) 45 A R o0 i 5 41 21 T
HRRT N B T AT RE R

ST LA Al T IS EE R RS, RS TR 4% L U
e ARAG, Y IR AR A, S 58S I 1) E
B(245-247]. EIMEWAG G, UL REE % 5
kR MEEE, HEBERERE, IRk E
PG L ADIRES [246]. miR-221. miR-222F1miR-24
fEHE ¥ LA M A48 5, miR-143 FlmiR-145 1 #1337
gl Nk

miRN AL GE 0% 18 17 24 M ) 0f A5 248 149 534 B 1
M HANM ThRE . Flan, WFFE4kiE, miR-1. miR-10F1
miR-145 AT DA 5 2 17 & I 40 L P 234K [195]

2, ncRNABEWS A TR RFFAIiL, I
TR AR R B AT RE, T B IR YT



N5, 22T ncRNATEZH 21 TR rh i 78 i RS A
HZ =1,

3. NRHE

ncRNA [7] 20 23 TR A 40 i ) it 8 2 Al L B 2 41
AR TR R R RO S & R TBOE AR [248]. A
SCHRAE A B — 2E 3R TE,, X ncRNAZEH TR K]
IR T IE AT R ERIR (K 1)

3.1 BT

I3 B AR A T I nc RN A BRI (1) 32 AR 34 78 T Lg% e
RS IR SRR SE . B R
W LA IRA OO R, AT R, W SR E S
P B I AR T2 .

T SR R AR AR AT LA R T 85 A o S AT B e
e, WP T ARGE A, (BT L 40 A B G BUR A
FE[249]. 5T FE SN BF AR A E, 180 B A R 8
YN ZL I [250-253], FE L TR 4 B i Yerh
B Z WIS o AN i 107 S5 05 B AR AR RS 0 2 A A A7
EARRE . BN T MR SR AR T L% Ye gy 2440
MOFIAN S 22200, PRt RS, I HL IR HAd 5 23
AR, R S, AH T I g R A

Viral transduction

- Retrovirus
- Lentivirus
- Adenovirus
- AAV

W
miRNAI
mimics
%, I

antimiR

11

TAEAE b 52 B BR 411254, 2551, JAH 560 25 304k &8 T
INEEERE,  BESAEAN A TP RSB ARAE, BRE U B
YRR L DR B Rk /K [254], BRI, ZEIA ncRNAJKH 2
BARIIE R, B D B AR T B B AR S
R ER R YL AR, RS R AL R R BT RS
DRI ZEL M T 24 4R 5 e 2 P O ne RN AR S R 380, (R 3%
R 208 & 2 SRR AT 3 N AR, R #0510
ncRNABBIELE VR YT B H 52 21— e BRI [256-258].

3.2 S

IS AR B A I LR R R i 5 A B 2L
G RMAR RAERAZIME AR LA S B g ik KB 1R YT
2iM[256]. PRIGAIE 5T 5E B0 A AR TR AU R R

JE DA% e R A A e . PTERVERL N 5 TR
AL ST Z M T neRNAIBIR[259]. 124
1k, AEFAREE GEAFI R RIR 2, Ll Lipofectamine®,
siPORT™, HiPerFect, Oligofectamine™, MaxSuppres-
sor™, DharmaFECT", SilentFect™#INeuroPorter™, &
IRIX LR FURAE S A 7225, (HRAEN AR —ILFE
FIRFE[256], M EATZR I IE T, REW 5 AR 1wk
PR ARl S S A E - RNAS FREANN, TERNA-JG
BAR, SRJG AR I 57 R 7 P 20 B SR B, 38 R
Rl B L ) P9 A A N, Pk — 2D N4

Non-viral transduction

" Liposome )

PLGA VO\(OM
iy PEI xy
H'n
De
" Modification

(b)

] 1. ncRNAEIE N R B8] o (a)neRNAFT LUARAS [F] (0995 25 4 A o 73 5 S N AL (o) AR s S B3E: RIUA . milRY. (gt 4%
HKALT, AERLERARII VI, ncRNAEZH A RIEHEAAII: ()30 FINIEIE, ncRNAFEIEFE G, 8 1d 3028 B3R f 8 iR

TRCHEN A o
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FA% N e SR I [260]. AT, FEMASZIGET, AR BT
Ik RGUN A FEPE DL R A AR B, T LI
B 5 R 110 508 2 o SR s e U () 45 S (2611
R H FEncRNABIE AR T3 RG7, W

poly(lactide-co-glycolide)(PLGA)fIpolyethylenimine
(PED[262]. PLGARRHZaME, RIFHIAEMAH S AN AT
R Mg iz Mo S T2k . thAh, e mT LLd it gt
—PARAGPLG AN KR (1) 2% TG T ke 428 il ‘B AT A 245 3%
%[248]. F: T PLGAMZNAKRIRL I ne RNAF RAH % 13
TEJ7i%. PELE 75— M4 12 FH T ne RN A I (1) 044,
A KA PE RS IE BTG . I FL AT A PETRE %38 1o
HLE I 45 & B B AIneRNA . 9K B A0 9 5 21 40
PUG, SEEWIBREE M S FE AR KA TR E,
T K A ZE ne RN A 1 9K BS0RERE 5021 B B3 A [262-265]

— b S A B 5 S nc RN A R PERI S A1 7,
X AFAFILAE L SURI A M Hp e DA AZ TR B A, AT =
TROE HEAERIA R, W EEE 2 -OH A 2" -O-methyl,
2'-O-methoxyethyl 5%, 2'-O-fluorol 7] LY iincRNA ) £ 5
PEFISE AN J3[266]. WeAb, A [ B A5 1 40 B8 3 Iinc RN A
AL ER L, AR 22 SCHR AR E IH [ BEAZ 1 ) ne RN A RE %
T 3 T T S B R S L N

3.3. A T IkIE

THAN S IE R AR TR A E T B
4RIk V. W TN . B b DL AE 2 R
BRI, A X ANHSUS E AR T &3EK
IR EE[240]0 S BRI TSR AE AN AT DA PR 55 DA 1 4+
SRighik, ILRRESEG NS YA 5 LA T 4 AT e
FER I B Je 3R [256]. Ak, SR T 038 5% AT DLk
HREIEYT, R DL E R R A . S
BRGERY AT LR A I G M R A . BN, £T 4T
ZE, KRR B HE A B £ 4, RT DA Y it A P Rk
(256,267, 27T CL&UE BRI FH 4120 TR S0 400
ncRINA JZ I 5 JL R A 1) — o i 771 [220]

4. EENRE

4.1. 2T ncRNA V697 FITELE KUK
ncRNAWNAIT R, AE TSt /L
FETELH ST R AN A PR 2 AU T U 5 R Sk A, (LR
ST R A A 5 2 B ) B FH A7 78 35 B K IRk R A R
Ko Ebln, miRNAR] DA A #E ) 22 AN 38 K2 — AN 34,

{HIX A S0 7 miRNAKE i #8E [a] B A ORI AN o 7E IR IR
M A, miRNA 22 P 2 D fig A 45 4L ) 75 2248 1R
U7 b ] R AN I E, T miRNATE 2623 TR 40 i vk sl b B
BT Z R, B2 RN T Y R S R [268],
WmiR-221 A miR-222 A AT LLd i 145 LASS2 521 it /5
YN A BB AN RS, I T LI b B [ p2 7P R 4 S e
JS IR AR AR IR [57,269] .

M IncRNARFH PR R, IncRNAR] LU — &
IR RSB, AR, . B, TS, H
KT IR B R 2 Ty Re AR FH AL (1) ) 3R 75 AN 3 2 [270] 6
I HIncRNA 2 H A7 2H 2R e 14 1 1 4% 25 T R IA U RNA,
TEFE 5 1 A B 4E B A, 2 e a4 ) Y 42 AR S
TORNAGE M 4% 8 (A R IAN, XFiAECRENE
B SPEAEAMG . RRE—D IR )

X T 53 F AL B 5 2 AR LI neRNA, - 3 a4 i i #E
B SN AR R Bk, R S N A S LR B
PeARAr g B, SECR HE AR RIA TSR, X
— AT B AR 18]

42, KK B

HLUTRERT LU= A AR A, i S 3R R it
LB, P AR R MR BRI DR, DABRZ
WA LEES B o neRNAT] LLA #5741 g i) — L
B, AEAEMmHR TRENHMTREME. Hil, eE
FsiRNATEH LT R HRGE, (H HAhncRNAR B
., EtinmiRNA, A RINITF4E

ncRNAZEH ZUTRE P 1) H 75 26 neRNAKT AN [F] 24
FIVER R U B . A, CRY ncRNA Gl B g I+
EANENL B bR A BAS B L RS, R ITRERR
FIFRE R, A7 Pbx L HbR, FERAOREES. E
VIEEFN TAR S AEAN R T AU L R & V) &4 .

M2, ncRNATEZLZ TR 5 T BT 78 i Ak T2
R B, {HPAncRNASN R 136 IT 77 BRI J,
bt & e ncRNAZ & AP T2 i+, ncRNATEZ
ST FE R S AT DU R TR S s SR (3 A BT . %
TXIneRNAAEYF#AE )3 — 2 BEf#E FInc RN AFE F 7
ERIAWT O, FATEE, EAARKK, ncRNATEA
SRR P AR I 2 v 1 S FH 8 B 8 H R

g

AT H 5K SRR ST A S R (49737 THR,
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