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MicroRNA: ZZ R {ARTH g8 1= B Fh 4 Hl
TFH Kemwm ZTHE BHEA TZRFE'

(LR A B2 B, BT 310058)

WE SKEARLAAYDHATRERMOIZY, 2ol 4, MAT. REF5FAR
AR EF T AT ERAEA . KA AT B Fo AR IR B 25 F) 4%, microRNA(miRNA)A
F R e AR T B Z—, A %A G miIRNA T A8 i 8 4247 2L B 4 A 69 Kb
PRAE £ ) 0 R Ao AR M AT 78, o LT AR A R AR IR Z Ak R B e Rk, 5 —
7 ), KA B T 484 A miRNA, B 304 AR R B A A2 2R R4 A7 08 B 69 A
KH2IA  miRNA; ZokifA; mitomiR; [ EACHS; 40T

MicroRNA: A New Mechanism for Regulation of Mitochondrial Function
Wang Xuexiang, Song Yanrui, Li Shishi, Fan Mingjie, Yan Qingfeng*
(College of Life Sciences, Zhejiang University, Hangzhou 310058, China)

Abstract

physiological and pathological process, such as free radical production, cell apoptosis and aging. MiRNA-mediated

Mitochondria are the energy powerhouse of the cell, and they play an important role in other

post-transcriptional regulation of gene expression is one of the important mechanisms that regulate mitochondria
functions which rely on the crosstalk between nuclear genome and mitochondrial genome. The nuclear encoded
miRNA not only regulates the structure and function of mitochondria through modulating mitochondrial-related
proteins encoded by the nuclear genome, they can also translocate into the mitochondria and regulate mitochondrial
genome expression. Besides, the mitochondrial genome may also encode miRNA that could be immediately active
on the mitochondrial transcripts or exported in the cytosol in order to interfere with genomic mRNA.

Key words miRNA; mitochondrion; mitomiR; energy metabolism; apoptosis
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T PE mRINA R 1 5 (1 1 o A 5 2 4 Ak A BT B
TR, miRNAZ 5 b A Thfe, mResE .
T o REE s . RIARTSTIAA, miRNAH
1235 DR 40 G s, 40 3 JHL A 7 5 DT 5 ) i (1) e
—r. BEE TR, 7540 M A% R Ha 5t (I P-/ s
ARG 474G 0 2] i A mMIRNA, 28 47 44 25 IV 41 ity 2
AT & A miRN AW IZ I A T 5T B R R B,
A 503 A A A R BRSBTS N s L
Hela4fl J V45 41 Jd 1) 26 R & v & I T pre-miRNA R
miRNA, JFR X E A7 T 2k R F1 (I miRNA Ay 44 4
mitochondrial miRNA (mitomiR)"”. A 30K 4534 26 ki
AR mIRNA R o HT i 7 g, I A4 mitomiR
N2 R R AR T RE A% L R 4 idmiRNA .

1 mitomiR

20094, Kren4-CHll i 5tk 4 b 44 & 4R 2140 1K)
J7%, ZRSEAE TR BUH I R b R B0 1 15F0 A%
FE R G [P miRNAs, 1 CIE B 2R A& 1 48 75 5 miR-
NA. 20104, Bian557E /N UH- 40 J 8k & vh R 30 T
—RMUFF M miRNA, E A TR LR 7R S miRNA T 1) L
1 B 35 X 9 - 7E 40 B SmiRNA A Le il . 20114F,
Barrey %5 * {1 N\ 2R A4 3 R 41 v i 25 F pre-miRNA
FI33FmiRNA BV 7L 9 it 51, O 1 OCUE 52 AR ML
41 i 26 k7 4 A7 ZEmIRNART /4 (pre-mir-302a. pre-
let-7b) Al 1%, PAmiRNA (mir-365). [ 4, BandieraZ"!
Tr-HelaZ g £ f A4 vh R B3 F 75 5 =F & [ miRNAs,
I Ho Ay 44 AymitomiRs. 20124F, DasZ5UONF Sz #% 3k
DX 4 % (RmiR- 18 1c ] LU, iz B 2R 44, i 1 i 2 £&
WA 8 1 COX-1 52 i R A 11 B B ACH, 55— F
mitomiR 5 LRI AL R T DI REHE R o

EYNE DA RN, 23 R NGk R
411447 e mitomiRAL R4 45, For, mtDNA 4

ND4. COX-IF fImiRNAFLAT S A x> (<10)9,
2 A I PR 4 TP A2 AE miRNABE LT 5, 136 B miRNAR]
Re 2 5 i & AR R KA. Bh4k, Bian%5HI
Bandiera5 " 78 28 07 A4 & I T miRNA ) 5E 4K
B HAGO2, AmiRNA 2 Ze b A4 Ik K R a8 s T
AR .

H H1, mitomiR [P Mz Al A G Rl Bl
Billo A Iz AR U At Fi mitomiR HH A% J PR g 5 -4 d2
BRI, W2 5 LA 40 i 39 55 A0 5310 16 “myo-

miRNA(Muscle-specific miRNA)”, {4$5miR-133a.
miR-1. miR-181a. miR-181b!"""34% | X EmiRNAs
A BRI — ORI s RGHE R &btk . WA
JAR A2 $FmitomiR HmtDNAZ i I 7 2R A4
TR, N A Gk A4 A A I 2 miRNA R 44 (pre-mir-
302aflpre-let-7b). “EW)M5E S 2#MF9T Hon, mtDNATY
4 pre-mir-302a fllpre-let-7b%5miRNA R 14 ] 4w 15
|, & FImtDNAT] A 4 imiRNA, E1EH T 2hr
&N I mRNAEL # 12 42 i i DL T4z 58 I 4 mRNA
fRI2IA, 15 i A< D) fg .

mitomiR ¥ BF 58 HAR AT T — o B E e, (H 2
TIAFAE — SRR 158, SRR A SIRNALL
I S RNATE I E BT, 784 R ARNA T #2
QAT PR UERNAR 58 48 HANSZ I FIRNAYS e, A& 5 %
fiff I ) R LR, BUAR OV AN R AA T AE fEmIRNA
) B M H FTAGO2, {H J& oAt 1 4l B 8 11 DL &
miRNABYE R R 8 (e B WAFAE TEebi kT, 2k
HH 2 b AR miRNAAE 26 R0 4 Hh i 1 e sl/ 90 & 4% 2
RE MR EE BE A, 56 =, Bk = 26 b A miRNAY) fefiff 51
WA % HET, 22 L miRNARHUY)
AR 7 A I = A T miRNA S i, (HIX 7
HEIe e T MR &R A mIRNA, 752 K. H
filt ke T EIR N AE, A e R AAmIRNAZEAT 4 1M
RIS

2 miRNA 5 g =Kt

LR EAZ B S . IR IR A A
YR O3 1 A AR 16 32 80 A7, A2 ATP™ A ) 32
WPt . miRNAGH I 4% e EACHI R ) 2 AN 5
WA RE ALY . BT, CAIL10FmiIRNAsS 5
W RARE A (R,

IRAEAE 22 P AR L P R b A R E AR Y,
FEAE OWUREZE, R AR, IS
“F--lo(hypoxia-inducible factor-1a, HIF-1a) ¥4 3% %
R A5 5 a8 450 Y 95 S b A4 Dy fig, T AEC 42 I 4 i e
AR FH R A S A B8 T2 A1 7258 Ay i T A (E2 7 72 A
¥). 20074 Kulshreshtha5211 ¢ 4 1 I 44 ¢ 2
7 ImIiRNAK 235 LUK, © & B — & FIHIF-1oAH 5%
miRNA. i, miR-2102 %6 42 5 UK I miRNA
2 . miR-210F $% 1 HilFe-S#% %% FL 2 19 1/2(iron-
sulfur cluster assembly protein 1/2, ISCUL/2)[] &%,
MISCUL/25% T = 52 R A6 ¥ vh by B2 IR 1n) 5 7 B TR
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Table 1 miRNA associated with mitochondrial metabolism

miRNA AL A i P B4

miRNA Target gene Function Disease Change

miR-696!'4 PGC-la Upregulates aerobic metabolism Physical activity Decrease

miR-743al"™! MDH Maintains the redox state of the neuron under Alzheimer’s disease Decrease
oxidative stress

miR-183!¢ IDH?2 Decreases O, consumption and ATP production Hypercapnia Increase

miR-210!7 SDHD Leads to complex II dysfunction and HIF-1a Non-small cell lung cancer Increase
stabilization

miR-210M"% ISCU, COX10 Mediates cell metabolic switch to glycolysis to Colon cancer, breast cancer, Increase
adapt to the hypoxia microenvironment esophageal adenocarcinoma

miR-338!" coxnmw Decreases axonal oxidative phosphorylation Neurodegenerative diseases Increase
and function

miR-181c!"% COX-1 Increases mitochondrial respiration Cardiac myocytes Overexpressed

miR-10112% ATP5B Inhibits HSV-1 replication HSV-1 infection Increase

miR-15b2" Arl2 Decreases cellular ATP levels via inhibition the Heart failure Increase
ADP/ATP exchange function of ANT

miR-15a* UCP-2 Inhibits the synthesis of insulin Type 2 diabetes Decrease

miR-23a/b®  GLS Enhances glutamine metabolism, provides energy Prostate cancer Decrease

and nitrogen for the growth of cancer cells

() 2 A% i AN ] ml ik (g, Ak, miR-2107] BLRE IS
I% FH 1% Wi & B (succinate dehydrogenase, SDH) V. it
D(SDHD) % f, 3 SUHL 1A% 166 4 52 5 ARy RE B 7,
R BAR £ 25 0 T ey, AT 0 1) I 2 e A Pl 5 ) J
1 M (prolyl hydroxylase domain proteins, PHD)X}HIF-
Loty B, WsRHIF-1afa 2 . HIF-1a. miR-210,
ISCU1/2 }z SDHDi i 1 B 4 1k Jse A S 53, 1~ 1
SRR TRIAT 2T, S8 S A0 PR G AR PR )3 Y

miRNAIE 2 5 i #5555 A 1) HAR A Y. (1)
miRNAFEATP A G L. B 20 729 75- 1 (her-
pes simplex virus-1, HSV-1)E&4L ], 15 T 40 o gm i 1)
miR-101 3K 34 in, $1HIATPSBYE 1 LAk 2D 41 i
ATP A, WIS W3 25 5200, 62 20w 348 1112
(2)miRNA #4840 5 B R A 1 A5 6 . miR-15a#1 )
i 1% B 25 (1 -2(uncoupling protein-2, UCP-2)[F] & 1%,
B4 hn 48 FEFIATPS %2, (3)miRNA i #% ADP/ATP
iz, 1R A miR-15b% [ IRADPRL B S A0 X 1
(ADP-ribosylation factor-like 2, Arl2)[] & 1A, 3% M
ADP/ATP#: iz, i1l 40 Mo N ATP& k™Y; (4)miRNA
i 42 2 2 B AR o R 40 R, e-Myc R 0TS 40 )
miR-23a/b3 i, 1 i H AL H 7 kL AR A 2 I i i
(mitochondrial glutaminase, GLS)[¥ & &, M 1 1 3k
B R NE A R IR, (ki 4 Jfa AR K

3 miRNASZAT
LRI A0 1 A0 T R v, ok A

AR FLIFIN, Bebi AR I AL BRI, 41 (L3 c(Cyt-c).
ATFAE 8 T2 PR 5B T8 280 i 5, 51 & caspase & 16 46
SN B S AN T SRAb, BTS2 AR B I
1% [Fcaspase-8 i] ) EBid ¥ 4 ¥ A6 [1tBid, 75 F L
T A 7 Bax MIBak 3£ 5 Ak, 5 3h 2 ki AR I T2 420
miRNAGH W &R R Tk feh 2R EA S
WEANR T BT, CRIISMmIRNAsS 55
MAIIT(K2).

% PimiRNAsZ 5 N\ &GP e itk A, R %
e B0 VR H o Cimmino &5V I8 14 Wbk 2 41 i
[ IfiL %5 (chronic lymphocytic leukemia, CLL)"'miR-
15a/16-1335 1, 33P0 T2 1 Bel-296 1k, 1l
MLV T . GaoZ % Y, miR-15a/16-1H1 =41k —
fifi(As,0s, ATO)LE 5 5 11 195 41 B ) 7w 21 Py 7]
YEH, BlmiR-15a/16-158ATOSL M AF H T 14 1 75 41
JH, 2R AR 5 A AN AR TR % {H P 3 (R IS AR
25 3 BUEORL AR T F R B2 2R L 4 € B e RE I
caspase-3P4 G FIPAPRFE A, 51 A& 40 Mo T2, M K42
THAIT 5. ik, miRNAAT S 5k SR 67 18
S

miRNAIE 2GR AR T2 A b i A B
(ImiRNA 5 caspase /AR T2 . caspases(]
B P YRR A —— X B T4 ) (X -linked  in-
hibitor of apoptosis, XIAP) &miR-23a[l] I 5 [,
K5, miR-23aff) Rk AE 5 o rh R H W2 22 i, B
28 52 5508 i 4 it L caspase dE AR U 2SS T, 1 &
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Table 2 miRNA associated with apoptosis
miRNA FIER Ltie R Ak
miRNA Target gene Function Disease Change
miR-1012¢ Mcl-1 Inhibits mitochondrial pathway of apoptosis Hepatocellular carcinoma Decrease
miR-12817) Bax Induces mitochondrial pathway of apoptosis Human embryonic kidney cells Overexpressed
miR-148a) Bcl-2 Inhibits mitochondrial pathway of apoptosis Colorectal cancer Decrease
miR-15a/16-11%% Bcl-2 Inhibits mitochondrial pathway of apoptosis Chronic lymphocytic leukemia Decrease
miR-15b/165" Bcl-2 Inhibits mitochondrial pathway of apoptosis, Liver fibrosis Decrease
actives hepatic stellate cells and liver fibrosis
miR-291! Bcl-2, Mcl-1 Inhibits mitochondrial pathway of apoptosis Hepatocellular carcinoma Decrease
miR-4973% Bcl-2 Induces mitochondrial pathway of apoptosis Chronic alcoholism Increase
miR-885-3p* Bcl-2 Induces the cisplatin-induced TP53-dependent Squamous cell carcinoma Increase
mitochondrial apoptosis
miR-1381% Caspase-9 Inhibits mitochondrial pathway of apoptosis, Liver fibrosis Increase
actives hepatic stellate cells and liver fibrosis
miR-23al" XIAP Leads to caspase-dependent cell death in Cerebral ischemia Increase in females,
females and caspase-independent cell death Decrease in males
in males
miR-221/ PUMA Inhibits mitochondrial pathway of apoptosis Lung cancer, breast cancer Increase
miR-2228%
miR-49413¢] PTEN, ROCK], Inhibits Akt-mitochondrial signaling pathway Ischemia/reperfusion-induced Decrease
FGFR2, LIF, cardiac injury
CaMKI1o
miR-23b*57 POX Promotes the cell survival through increasing Renal cancer Increase
HIF signaling and decreasing the generation
of ROS
miR-11 IGF-1 Induces mitochondrial pathway of apoptosis Diabetes mellitus Increase
miR-23a-27a- FADD Induces mitochondrial pathway of apoptosis Human embryonic kidney cells Overexpressed

24-2 cluster™

P ) DL caspase & #ifi 1 29 728 (2)miRNA i #5 Atk-
SR A B T . miR-494 T Atk-28 i 4K 1%
e = R {2 9 T % (1(PTEN, ROCK1. CaMKIIS)
AP R T2 48 F(FGFR2. LIF), M OR40 I G
BB/ PR 5 R B A0

4 miRNA 5ROSHY4 R

RARLETFEE MRS L e 1 R I, 2y
FEAEVE P4 B i 2 (reactive oxygen species, ROS).
IEFARBRE T, Rl a2 L (1
5 8 A A B AL AN I S AR D 45T BRROS, 92D
I B2 R AR AT o AH B A A S B I sl BE AR AR T,
Yl B B AL BE 7 BRI BRROS AE ol T F B ik 4 A s s
THCJE, ROSTE 40 Ji v 3 22 JF FH 58, e 2438 1 41 1 43
7o miRNAE L I 5 A B2 BE 4% 8 FROSTR A i,
PR IEE . B, &Rk M4FmiRNAsS 5
WHEROSAE H(323)

ROSH| & 1) £ ki A& FImtDNAH 475 2R L 322
KA FE BN BRI, Lin-45878 [ 28 75 Ay

LCIY AR RO BERG, FFIA A Lin-41 5 51 R (TROS A fig 3
IR BhriAFE VUK D e HOR AR ) B R eAh,
LR AR N TE BRROS 1) A AR PT A4 i T A A A
¥, 2 (superoxide dismutase 2, SOD2) i 48 14 £ H
I8 )5 B2 (thioredoxin reductase 2, Txnrd2)7) %l /&miR-335
HmiR-34affJ L . £ 2 41l T, miR-3357
miR-34a % 5 B E T+, #HISOD2 N Txnrd2 [ 4 .,
T4 T ROSIA R, (Rl & kA, AT
Josh 411 e, miR- 17400 il R 45044 4 15 4k B (manga-
nese superoxide dismutase, MnSOD). 2 bt H kit 4
Ll 2(glutathione peroxidase 2, GPX2)F1Txnrd2 )
T, DR AN M A A, R BT R H

5 miRNASZHREN S5

LR AT S AR IR AN %, HR R AR
&35 T LI i 9 285 1) il /43 2 0Ll T A L 25
M AS R A S0 S 47 3 BT L, 40 M)
SZ PRI, IS BOR 0R A AT, SR
2FFmIRNAsZ: b P F R 1) 1) (R4) -
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Table 3 miRNA associated with the production of ROS
miRNA FOHEDA e P L3e
miRNA Target gene Function Disease Change
miR-17%41 MnSOD, GPX2, Clears up the high levers of ROS production Prostate cancer Decrease
Txnrd2
miR-33512 SOD?2 Induces premature senescence of young mesangial cells Kidney aging Increase
miR-34al* Txnrd2 Induces premature senescence of young mesangial cells Kidney aging Increase
miR-3821% SOD?2 Promotes the TGF-p induced epithelial—mesenchymal Renal epithelial cells Increase
transition of human renal epithelial cells interstitial fibrosis
x4 S HIRRERIKE 1 F HImiRNA
Table 4 miRNA associated with the dynamics of mitochondria
miRNA FUFELA Yifig R Ak,
miRNA Target gene Function Disease Change
miR-301] ps3 Promotes mitochondrial fission Cardiac diseases Decrease
miR-4991¢ Calcineurin Promotes mitochondrial fission Myocardial infarction Decrease

AE O JIURE B K tife I/ P IR T 75 7 £ 200 T E e
BN PS3, FHImIR-499 1) 55k, fif Biov) TLEE
A5 R AR, et ks R AR
1(dynamin-related protein 1, Drpl) i {t, F3(Drpl
FELRIARH BRI Drp L P I 2 b AR R, e
(ERE LAY T, oAb, pS3/EmiR-30/ L H 1, 52
R TAE 5 GERALPERF IR, miR-30/K %KL T
W, )RR S Drp 1 22 5 o AR S A7 i i 42 1

R H T C 2R B emiRNAS: 55 1 #5542 b
Wz )y, AR B S SRR 7 R AR, T2 54
R A D . miIRNAE T ki A5 11 22 (0 H Ak
PLHIS A fr it — 2B

6 INESRE

LR RE R B A EE T A M 2%, A 4R
LR T A B ) ot B AR o R R T ek
el R Ihe, Wi T B0RAE . LRI REN
TE B 4 B N T A% ik D) 2 R 2 e A R DR 4L P R LA
o BRI, HRTOG T A% 5L D 21 5 4ok A5 R 41 1) 1)
MU T R0 2D . miRNAA SR e 53t )i i
P, AR A B B A T R R S R R Th e R
HEZEEH. mitomiRE &, £ HmiRNAR] {2
55T 20 B A% RN 26 R TR 1R 45 B AT IR, A7 Bh T A% S A
FRARIE D BAENLHIIIEST . teAb, #FFTmiRNA
5 2R R AR T BE R RS 119G 2R, A3 )T el W) R AR5
ORI, Ay 2R AR S0 1 B2 4 1097 7 4R
P I JE
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