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The Progress on Biological Effect of Muscle-specific MicroRNAs
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Abstract miRNAs are a class of small non-coding, single stranded tiny molecule RNA (containing 20-
22 nucleotides) that negatively regulates gene expression and translation at post-translational level. They have
diverse biological functions and can be used as significant molecule markers for disease diagnosis and prognosis.
In this review, muscle-specific miRNAs were introduced, such as the distribution of chromosome, sequence, tissue
expression abundance and main pathway of miR-1, miR-133, miR-145 and miR-206. Their biological effects in
airway smooth muscle, vascular smooth muscle and cardiac muscle were also discussed.

Keywords muscle-specific microRNA; biological effect; airway smooth muscle; vascular smooth muscle;
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1117 BEL I FC R P A D AR 1) —3 p i R —Sp i i Ak L
SRR A R — AN 2RSSR T A, AR BIAS R, BOB s
miRNAs/T 4B A A, # [ mRNAW AN, H AR
ISEHPIA . AL AR BRI R e
miRNAsTE 40 L IG I, 70 fb. =&, P15
W) RE AR O DRI R R SRR K
ESY 8 BN e SR LY VAR < S N E A=Y TN
miRNAsIH i 57 7 1% B i 2 U0 BRmRNA, 7] i #8 A
LD A R S 300 3 DA R,k 2 N R
BE R IR30%~60%! 1, AN A 1 45 2 1T, FLA
miRNATE RN 0] 5 85 U OB AL IR B 11 25 4
(protein-RNA complexes)!™, il it 5 #1 5L AImRNA 3’
3t 4 4 15 [X (3"-untranslated region, 3'UTR)5¢ 4> 8 A~
SEA HANICNT 45 G, B PR G RO AR
2001 H ARFE AN 7215 7 30 _E, miRNAsAF7E A
[F) 1R 5 R 0 AR P TE 2, B T f i WL IR e s A
fift, IS4 11 ¥4 (sequestering)  HH 1E 4 2507 FE AT RE
Zx 50 HE DR R IR R, WA SRR BV AL A U,
WEFTUE B, 7 5 miRNAsZR & FI A 2 N S50 4H O,
AW RIS I B2y hri 2 120,

1 ALAAEYS R MEmiRNAs & 3 &R E L
miRNAS ({1737 FATL YU 57, VLA B 57
PEmiRNAs UEF S LAHHOCEARF I L, L. 4

JVLYAH G I BRI R AT 3 53¢ Jm ARk v 428, 5% i JUL 4 i 344
Ko, JE b AR ST VLA R R, B
R 2 HLARE S PR 2 e PR LA R S P miR N As
£04%5 miR-1. miR-133. miR-145. miR-206%%. 7F
WG AR A [, miR-1(miR-1-1. miR-1-2)
G2 IR, H T miR-1-13E 40 A 76 A 205 4
0, 14(20q13.33), miR-1-23E [R5 Aii 76 N 185 J {1 {4
(18q11.2)%; miR-133£345133af1133b2F} I 41, H
' miR-133a(miR-133a-1. miR-133a-2)& 224 #% FF
%, miR-133a- 15 5 43 A1 75 N 185 B {4 44(18q11.2),
miR-133a-2E K 43 A 76 N20°5 4 {4 {£(20q13.33),
miR-133bI2 1ML IR, HIED A /e N6 5 G th ik
(6p12.2)%, miR-145L22 M 1R, JLIEH 40 A1 T
N5 Je 0 4K(5932); miR-2063E22 4K 1718, FLIE A
AT N6T et ik (6p12.2)2,  Fik WL ks F
miRNAs/TFI{5 B I,

VLN Lo A A2 THRE T8, miR-1: 224y
T O B, ENREE. otk Bl s
PERHE2, miR-13370 A T WL B B8 WL, n] i L
SNMLIETE . 4EPT29, miR-145F 20 A T L1
WLAN AR, 25 P WA . 3 250 % Ah 25 A 15 2 2%
IR, miR-2064% 1112 77 41 FmiR- 1 H A7 AH [7] f) il
T X I(UGGAAUGU), ¥ J& T miR-150%, P {ENL
20 P 42 7 T A AL 2 ARBY, 25 45 T Genecards

F1 AEZEZNAEEFEmMIRNASERER

Table 1 The essential information of human major muscle-specific miRNAs

, e ESIN P Eilie
e et fhe s . , -
) ) T R Number of FH)(5'—3") il s
miRNAs Alternative Chromosomal .
. Host gene stem-loop Sequence (5'—3") Accession number
name assignment
sequences
miR-1-1-3p MIRI-1 20: 62,554,303-  MIRI-1 host gene 71 UGG AAU GUA AAG AAG UAU GUA U MIMAT0000416
Hsa-mir-1b 62,554,379 intron area
miR-1-2-3p MIRI1-2 18:21,828,996- MIBI gene intron 85 UGG AAU GUA AAG AAG UAU GUA U MIMAT0000416
Hsa-mir-1d 21,829,106 area
miR-133a-1- MIR133A1 18:21,825,698-  MIBI gene intron 88 UUU GGU CCC CUU CAA CCA GCU G MIMAT0000427
3p Hsa-mir-133a-1 21,825,785 area
miR-133a-2- MIR133A2 20: 62,564,912-  MIRI-1 host gene 102 UUU GGU CCC CUU CAA CCAGCU G MIMAT0000427
3p Hsa-mir-133a-2 62,565,013 intron area
miR-133b- MIRI133B 6:52,148,923- Intergenic region 119 UUU GGU CCC CUU CAA CCA GCUA MIMAT0000770
3p Hsa-mir-133b 52,149,041
miR-145-5p MIR145 5:149,430,646-  CARMN gene 88 GGA UUC CUG GAA AUA CUG UUC U MIMAT0004601
Hsa-mir-145 149,430,733 intron area
miR-206-3p MIR206 6:52,144,331- Intergenic region 86 UGG AAU GUA AGG AAG UGU GUG G MIMAT0000462
Hsa-mir-206 52,144,442

MIB1: mindbomb E3iZ % & [T 1; CARMN: (Lol b IR 22 9 G A IDRNA o
MIB1: mindbomb E3 ubiquitin protein ligase 1; CARMN: cardiac mesoderm enhancer-associated non-coding RNA.
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Table 2 The downstream target genes and related pathways of major muscle-specific miRNAs

LR Sue DI N 9] FLIEAHL H

N . .
miRNAs Expression abundance (from high to Target genes 8¢ 4 H B 2R
Pathway number ~ Pathway name
low) number
miR-1 Heart, spleen, ovary, artery, colon 418 3 Heart development
Transcription factors regulate miRs related to cardiac
hypertrophy
miRs in muscle cell differentiation
miR-133 Skeletal muscle, skin, ovary, prostate, 310 3 miRs in cardiomyocyte hypertrophy
cortex, tibial nerve, leukocyte Transcription factors regulate miRs related to cardiac
hypertrophy
miRs in muscle cell differentiation
miR-145 Highly expressed inmotor system, nerve 176 3 Heart development
sys:em, d;gestlve system, endocrine miRNAs involved in DNA damage response
system, etc
Serum response factor and miRs in Smooth muscle
differentiation and proliferation
miR-206 Lung, skeletal muscle, artery 417 2 Glial cell differentiation

miRs in musce cell differentiation

MLFRIEFRE . WK Bk genecards: http://www.genecards.org; THINHEE K% H K JmiRBase: http://www.mirbase.org.
Tissue expression abundance and pathway source: genecards, http://www.genecards.org; Target genes number source: miRBase, http://www.mirbase.org.

FimiRBase 4k 2 ik WL fudky 5 PEmiRNAsZH 2
FIRFEFL . TIPHFEEL R E H A I 4

2 BAARE4E S EmiRNAsTE 8 AL 20 Bl
aisule sty Ik v
2.1 RLZAREYE S MEmiRNASTE S & FiB N4
B4 4= 50 FARE IR, 32 4 4B K TR TR

TE R3S T LA W 4 & 51 2 J T, B
FU R I, miR-133afE 18 ik B AR N U P LA e
W 4 A1 DG I K RhoAZE 3%, ik ROCK (Rho ¥ i )% 1L
BK R [ % B W% 'R B (myosin light chain phosphatase,
MLCP)# I, M\ 1y B AR L EK 25 (1 %% 5% (myosin light
chainn, MLC)BRR ALK, &7 5K VE I L4 i, 1X
N ENVRIT 2 RS T AR SR . AE iR
FErb, 1140 fo A 2-13(interleukin-13, TL-13)GE7E T il
Ja 953, 6 hink 3 PR AUE P L 40 i miR-133alf) &
ik H. 5 7 AR D¢ FR (R A 77 1 9100 ng/mL)PY,
miR-133 N AEFE R R T RhoA 2 Ab, 545 1 4
(calmodulin, CaM). 41l fitd 7324 il H £ F142(cell division
cycle protein 42, Cdc42)%502, 15 45 T miR-133a%])
AP VLA OB & KON AT BRI TR LA o

LimiR-1333)) fig A S, miR-1457] 3 & 3 o
LB d R A kU I L 4. IR E
B(interferon B, IFNB)AITFNyRE i 3% 1 iimiR-1457F I

R AE P U i &7 5K AR A 2 280 T R Y, TR
J2 40 A= K A F (epidermal growth factor, EGF) . fit
S TEN Y F 806 miR- 145315 T 2 # /E H .

FEFE SR P LAR R S e . AORE ALY 77 I,
WFFE RN, miR-1454 34 B AIC AT i 25 40 g A 41
RAE Th2AH 5 40 i PR 5~ 7 b FH U3 v s B, OF
AT E SR T LA i 3G B T A, S 40 i 4
e E Rt AR IAPY . HARmIRNA
S LA A 7 T, miR-221m] 3@ ik 1 i p21 YA
Hp279° 7K - i Bk A8 - 1 L 40 B 38 58 S IL-68¢
JEE; miR-25 1] 3 i #E ) Al 157 £ K] 14 (kruppel-like
factor 4, KLF4) i 15 98 i A1 T T bk U 4H s 1 1 779 2
[ (regulated on activation normal T cell expressed and
secreted, RANTES). ' [ 4H Jfu 3% 44 a1k [X ¥~ (eotaxin)
FHh IR A FE A F--a(tumor necrosis factor-o, TNF-o))#
&, WIS 57 IR B K ST [ b,

PIp AH SCPE T 1T, DR RS A7 1k TR 45 A T
JUL4H i P Rho A Z 11 5T ¢34, miR-133% TA Ay I i
A RO D) AR DRBT. 1 [ RE BE 8% B 17 Rho A
[miRNAJE A miR-155. miR-3 1256050 j5 ] G ]
FELEIF IR ZR G TR R BEVE T . #imiR-1454
TG i e RO R T e B N, T A A
] DUAH 25 TR 997 ik 2 £ 400 il miR-
126 7] AZE A8 i 22 PR, BERALR U3 e 52 2 1 R
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GPCR: GZ& MBS 14 AC: IRFTTRILET; GC: SFIRIFLET; cAMP: FREEERIRET; cGMP: PR 15, CaM: 4518 11; PKA: & FIIA;
PKG: 2 A I4l#FG; ROCK: Rhoifii; RhoA: ras [y 3k Bl 5 W 51 A; MLC: HLEREE F 04, MLCK: HLEREE F A5 ; MLCP: WLEREE A8 5E

WEIRAE; Cded2: A1 /344 fil 3] ek 42

GPCR: G protein coupled receptor; AC: adenylate cyclase; GC: guanylate cyclase; cAMP: cyclic adenosine monophosphate; cGMP: cyclic guanosine
monophosphate; CaM: calmodulin; PKA: protein kinase A; PKG: protein kinase G; ROCK: Rho kinase; RhoA: Ras homolog gene family A; MLC:
myosin light chain; MLCK: myosin light chain kinase; MLCP: myosin light chain phosphatase; Cdc42: the cell division cycle protein 42.

Bl miR-133ax) S & T8 A A48 T S B A T HL )

Fig.1 The mechanism of miR-133a regulating the smooth muscle cell in airway

WA TCHE, AEVETT I R B i v LR B LR IB T W T
M BeAh, LA RS 7 PEmiRNAs, QimiR-1.
133, miR-206, 7M1 PH ZE 4 filiJi (chronic obstructive
pulmonary disease, COPD) & # IfiL {5 11 1A I 2 3 1wy,
BN A AT REAIZ 0 B B LD R B Bk 2 D AH OGP,
2.2 AN4HRE4E S EmiRNASE & F 78 B4R A o
B4 S U FATE IR R e tH KRR
miRNAsTE ML UG GE . 704k S i i i
& 52 557 Py i 2 A e, W5 R B, miR-133a
T ML 1 1 LM A 5 vP R e P 3R 18 (miR-133b AN
FIR), B W) e 5% K1 SP-1(specificity protein-1)
MRS H, v H 190 97 A OC L 9% 5Y . miR-
1457E 19 M55 b s 2R 08, 16 AR 7Y i 4% rP IR 3Rk, w]
PRt I~ LS 4, 05 I A~ UL 23 A,
T L Ak AR K R F--B(transforming growth factor-,
TGF-B) WA 4 B A M BE AR IR AN £T 44k, (2 HETGE-B
75 3R I UL (5 R B, 0HImiR-145
FIE RS 7 A A LAY 18 0 R0 PR AR A, T B
IR BN BE 8 485 o B 1 BRI (calmodulin kinase I,
CaMK TNl 7KNO3 T BELIET, $:27~miR- 14571 1L 1
T LA B 4 2 T o Ak A2 b B DGR M, R/

miR-

U B kT3 DL4H L, miR-206K8 1A KT 547 0%
W4 R S E A, T miR-206F 0 >3 UL 40 i 9
TR REE 5, Jf ] i Notch3 25 111015 41 ig 4L,
miR-217] DL 8 JE & & A £ F14(bone morphogenetic
protein 4, BMP4)i#iE, FUE/EH TR 7 140 Mo sE 1
[X-f-4(programmed cell death factor 4, PDCD4)K 14
AP AR e & sk e 2l

P99 AH JCPE 7 THT, miR-2064% WAk J& ¥ 7E (1R
¥7 il 2l ik 5 1K (pulmonary hypertension, PAH)#T /5 7%
o, AL I A el ) Y e JUL A i 86 B e gk L
PR T SO TP R BE AR, T 5% Wi PAH G 24 3
R FEHERE™Y, miR-14588 [m) 597 v] W 0 OG5 R
Bk s FEAE A RE R (atherosclerosis symptoms, AS), F
ok FIE W AR E BEH, FRACKE PR JERE, BRI 45 1 S
I EFHT AR Y I 17

3 A4HAR4E F EmiRNASTE U AIL4H B Fh
B4 47 3L

miR-1-5miR-1337E Lo LN Ha P Re e Rk, FFAE
JULAH L5 S A0k ST L YR T T A P,
WF5T K& B, miR-1F1miR-133%5miRNAsHE % 78 74 4
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ELRE TS 3 LT A A0 i 2 A Dk O LA 0 .
— SRR SE, & A L AmiR-1FImiR-133% £ Fif
miRNAs[H 5 &R 8 A7 R 02 kO JULEE 40 i 7 2 7
AR, MW R SO D R X2 — M RO
WG 7 J7ERY s 7 OO LIS KRS 1, miR-
13333A 1 B3 DU H BI040 1 i 1R i (calcineurin) i M 3
SR, A PN 4 T O B3 TR I8 AT R )R] 4 mimiR-1337K
S, T M P B GemiR- 133000 f6 T 4 4 U 1 Ml 0K,
PR R Y A O JWLIE K s BEIR 2 R A7 78 AH B0 4
FHBY, W5 IR, AEmiR-1-2f 5/ BB o 0 s
(i) gl St i, O 2 B UL AT PR A A s 1 200 I 2
S0 BB, 7 G R miR -1 5 i i miR-1-2
WA E R B MBS AR Y R
B, RIS A miR-1RE W 8 1 9 WL KBS 6, 1
1 % PR M2 A(protein phosphatase 2A, PP2A)E ) 2%
Yyge, Wk O LA 2% Je i 32 /42 (ryanodine receptor
2, RyR2), fR AL M b A R4S 251 RE T8, $2& il
P IR R R AR e 4 WESE A, miR-133
It FRIA g A IR, B b ER e 2 AR, il i cAMP-
PKAIH B, BG4 K EE-3(caspase-3) K 1A, /DL
JULA R T, e 2 O UL LR 3 B4

P 95 AH G ¥k J7 T, miR-133afE § IR 9 O K (1)
VAT A Ak vh oy v A £, HL o 2R IA W] RLA R 40
A1 8 15 B 1 4 1/2(extracellular regulated protein
kinases1/2, ERK1/2) #1 SMAD-2(drosophila mothers
against decapentaplegic protein-2)£g [ )it fif IR 14 I 7.
HPRAREAL A K DR PR AR YA AR 25 B 1 KB
10 7 308 vy g A2 BRI R o, JUL4H R S MEmiR-1
HmiR-133w] 3 o 411 1 2 1 95 1R 2 A (PP2A )Y 11 ok
B O LA i =2 JE RS2 PR 2(RyR2)BE IR AL, 521 i
CaMK IUFIES B OEERN, AT G 0O 2 8 RUEP,

4 AL4AAE4E B MEmiRNASTE B 85 A4 A
th i 2

miR-1. miR-133a/bHImiR-206 ' & 8% L 41 g 4>
PEmIRNAZR L 5 (1125%, fENLATEK. S48 204k
TR 2 ARy e R PR R Ho,
miR-1ATmiR- 13335 by LA /i 389 o DX 290 428 7 X
I3 - 4% 5% A (MEF2-regulated bicistronic transcripts)Zfi
fith, 7R AE KA oA PR 5 i 1 b R R Bl A P10
P08 1 66 UL 40 1 25 2 1 42 7 1, miR-1MImiR-133 7]
T8 Ik AL 2 SR AK B 4(histone deacetylase 4,

HDAC4)FIML{75 V. 25 K -1~ (serum response factor, SRF),
TR B UL PR 2 G RN 234657, miR-206 7 B
U RE e Rk, HAEAS RILER 4 h Rk B AR,
UnAELE H f L 08 B O B ILI 7 2451 miR-206
TEIVLAR 53 Ak R v S 28 T s, TR PR P A B A
43 990 g 1) B 2 B - 43(connexin 43, Cx43)FIDNA
& A Wiop 1 8O 4L . I (polymerase 1, Polal), miR-
20668 Fl1Cx435: ImRNA 13 3 UTRIX &5 45 )f & 2%
R 37 2, o/ B UL UL A0 i k5, AT £
JULAR 53 A A A ool B R A Y, #EC.Con
LN B A, R IA I miR-206fE {2 3 [ Ik Polal |
WL R P % 5% Rl ¥~ 1d1-3(inhibitor of differentiation
1-3)flMyoR(myogenic repressor)s % A~ & [K & X,
eBEia I R N AR = o N ) - < I o 1
i A= A 25 (TGF-Pl 28 6 i 03 )il Z A% L T, i
HAmiR-2067K 123 Tt 51, KW TGF-Pil 5% f i1 7] LA
P IE RPN 2 miRNA ] R 2500,

9595 AH 5 1 7 THT, miR-206 n 3 i iR 1 i 6 A
F [ 7(pair box transcription factor 7, Pax7). Notch3
FIWLE) & A 25 A 8 1 (Corola)5FmRNA K 1A K-k
I WLs T4 oAk, PRt a8 LA, AT i 2%
I ICWUE 72 A R ¥ 99 (duchenne muscular dystrophy,
DMD) )3 3 Jig FERES . 7 B LIS K B sk 2
i, miR-1MImiR-133a7K - & # T [#50%, miR-206
T A S 1 I 18.34%, IMimiR-2064% £ 7K ~F- ¥ A 14
A2, JE R 22— W] BE 2 % B /ARNAXS Drosha RNA/#
TITHY 35 4 PEAMARICO, i i miRNAs ik i 0F 57 % I1,
miR-1. miR-133FImiR-23a7t & K 1 i S A i
IR e I 2 i R0, imiR- 19576 Zh 2 0l I AURE AR 7Y
I, R miRNASTR AT B8 298 6 (A DG
PR G

5 BRES5RE

UL 4 M4 53 PEmiRNASZE 4% T i % #E, FL ol
BT[] — ol 40 ff 2 B HL AR [ 0 A 0 25 200, e o
AT UL PR B K BN R R T, miR-133 B4
BRSSP LA, TimiR- 14508 HES 6 T3 UL4T i
Wi, IR AL R
BRGNS TSR I, WAL
K S miRNAs RIS DR S e i i i, L
S H AT S A TTASURIE TR N T 2
G5 o
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