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Research Progress on the Mechanism of Exercise Regulating miRNAs
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Abstract NAFLD (non-alcoholic fatty liver disease) is a common type of chronic liver disease, including
non-alcoholic simple fatty liver, non-alcoholic steatohepatitis, etc. It is often complicated with other metabolic dis-
eases, which seriously affects human health. As an effective way to prevent and treat NAFLD, exercise can regulate
the expression of related miRNAs to target lipid metabolism, inflammation, oxidative stress, hepatocyte apoptosis,
and hepatic tissue fibrosis in the course of NAFLD. The article combed through the previous research results and
elaborated on the role of relevant miRNAs in the process of improvement of NAFLD by exercise, explored the re-
lationship between exercise, miRNA, NAFLD, and the mechanism of exercise regulating miRNA expression to im-
prove NAFLD, with a view to providing a reference for the exploration of the mechanism of exercise intervention
in the treatment of NAFLD.
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= High-fat diet, drugs, and other
harmful factors induces NAFLD

Harmful factors

y —

Exercise intervention

Normal liver

= NAFLD can be reversed by exercise,
diet, etc

= Exercise modulates miRNA expression
levels to improve NAFLD

= NAFLD complicates other extrahepatic
diseases without intervention

Trigger other diseases
E—
NAFLD ]

= The disease spectrum of NAFLD
includes NAFL, NASH, LC, HCC
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Fig.1 Development and reversal of NAFLD (modified from the reference [1])

RS M 4l v i 7 - (non-alcoholic simple fatty liver,
NAFL). AEWKS M5 7 1% 4 (non-alcoholic steato-
hepatitis, NASH). JHE4k (liver cirrhosis, LC)AHJH
J (hepatocellular carcinoma, HCC), ¥ FF & 7R 50 ik
W FEAELL (coronary atherosclerosis, CAS). &% B it
Jpi(chronic kidney disease, CKD). T ¥ /R (type 2
diabetes mellitus, T2DM)SFARIE R (K 1) BLFT
B R b TCVR T NAFLDIFIRF 22y, 1 MR (118 )
BIRIEJ9IGIT NAFLDIAEA ) T-Br e —, BUAMK H.
Xf B B O B AE M.

NAFLD I BURHLEIP L2 2 J5 1, B4 I
BEBACHT . 2O0E SN B T4 . SRl 7T
7~, NAFLDH W5 & 5 MR 14 /NRNA (microRNA,
miRNA)RIAAFAE—E R R, FN CAUEERYE3)
A PUIE I % miRNAZKIE 7K DA NAFLDP .,
AR, AT imiRNAZRIL AT NAFLD i
KR 2, (EXF T2 3 I miRNA K X 1077 NAFLD
I FAAFAE— AN Rk, AR Ti83).
miRNA. NAFLD=#Z [0k &K, Liza)T
miRNAZIA DL R SRS . SO0E S e, Ak
I A TR AL, DU N IR 5T s 3h B
NAFLD LI AN TF A Hr B va Seng 1R (2% .

1 miRNASNAFLD

miRNAE — R HLZ A KE N 21~234
1% IR (1) FF 2 B 475 11 B BE /N7y 1 RNA, ml @ it
E R mRNARE 5 M (14 225 B0 xS 4 2 9% At B 4400 1)
FERHVE, T 428 1) 355 DR R 08 S 4 404 86 5 AN
oS, 24 miRNA BAG 4 2R w308, il

miRNA-18. miRNA-20/#7E T i JEZH 4 ; miR-
NA-122.miRNA-192777E T FHIE AL 23 5507 o,
JFF AR 7 PEmiRNA (1 %125 T NAFLD A 3 AN 7] 1)
PEAT: miRNA-21 [ 218 2 {2 3k 48 B 1)l Jog A2
PE5 R, HImiRNA-21 ) R I8 I3 NAFLD
A 1 i o AR 5 2R 4E AL 1, miRNA-193a-5p(1)
1 2 IB X NAFLD F8 35 0 4804 B B0k 21 o 4 A,
miRNA-34a7%315 52 1 7] 25035 NAFLD /M4 [ 5 0
LI G fift I 2 o T

miRNAFFRIEE AU T - 40HIA% P miRNAZE ]
2 RNAE AT II(RNA polymerase II, RNA Pol {4k
B 55 HE )45 miRNA (primary miRNA, pri-miRNA),
pri-miRNA 5 ##% N Drosha RNase B Y] A 4] 70
LR I B 22382584 1 1T /& miRNA (precursor
miRNA, pre-miRNA), pre-miRNAH i 1% i /41 ifd i 4%
128 [ 5(Exportin-5) WA i A% 1s S 2 41 i, B f5 i
I DicerZH i K B N 21~23 MZ R I X0UEE miRNA
B mIRN AR F7 51 B AME OSSR e tE, B 515
S RNAFERTER L4 (RNA-induced silencing complex,
RISOMSE G T AR TR B VTR E A1), BE %5
EEE AR H A mRNA L (B2, FEFEEREZ, £
BIEA T, BEDH FImIRNATES HAAmRNAZ A TE
2 A BN, DAES 21 PH I L R PR AR R . A
KL 50% 5 [ g L K 2 miRNAR 4%, 1 JLF- P
AT A i 1) A A R AR e miRNAT 4% 114, 4
miRNA-155%15 52411 (1 NAFLD/) B o IR 7 2346 A
4 F (adipose differentiation-related protein, Adrp). .
Pk S5 - vl o S5 % 72 1 2(diacylglycerol acyltransferase
2, Dgat2). ITSKFAEIE 4 #2 1 1 A(carnitine palmitoyl-
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Fig.2 Generation and expression of miRNA (modified from the reference [11])

transferase 1A, Cptla)s g A HHAH O K] [ ik /K
SRR, AR NR B DTAR S AR DS,

&8 U T miRN AR K 3£ 0A n] i 2115 51
M, ARIFEaIEA., 58 B ST miRNASR
ISP RN R S, HAT, 2 AR R IE )
CIBGIBNEE &5 TELN AW IS SR g 2 L 1T
12, VA4 5 NAFLDY F% A & % UIAH 5 1R JHF i o S
miRNAZ AL B DU 2 23055 8 HE AR . 4
ORI JERE [ B S, FERETHF A A L Pk
JE. PUMT 52 4EbRe /1 0. UL BB RiE 8)
Al A S miRNA ) R L DL NAFLD, Hottid
TR PR . SOE RO AR A S R
Ty FFAF4EAL AR DS I miRNA R A e 3 8 EAEH .

2 EEHEmMIRNATR L K ZNAFLDAY

ikl
2.1 EENEAIEmMIRNARIAENAFLDIRIZH Y
BE B X 184

JHF I A2 N AR IR Joid AU ) B 48, NAFLDEL
95 55 PRI i AR 2 AL B DA O . B AR i
T2 2 M e BE B (B AE MR AR e TR DT R AL 55)
o, Z R R 2 SETGE VTR, (545 HF I g
Rt MR, FERAS IR 2H 2= AR A 2 R
Vo K B RLAR Dy Re B fig 5 S8 A0 SO SS , 5 B0 40 i S
T A YA, 2455 K NAFLD> 2, @i 1845
miRNA-122. miRNA-20a-5p%5 I A5 5 A% 15 A1 >
miRNAKIE, 8 B 2R kiR Th g 5 Mg s AR EHE 0L,

XF TR NAFLDA — & B A A& =29, (Kt 1530
X AR A S miRNA R i B A5 AL

JFEIE miRNA-122 335 52 i) 2 S BUR DT R &
JX B (fatty acid synthase, Fas). Z WLl A LEE
(acetyl CoA carboxylase, 4CC)% Jig it A Bl AH 5 3%
DRI 3k, T 88 LA b &5 5 B2 ¥ A I8 3 ml i
Y NAFLD/) SR IE miRNA-122335 K F, $E 1]
] §8 W3 9 o 45 5 5 H 1 (sterol regulatory ele-
ment binding protein 1, SREBPI)(1%3% [k id ik A]
PRATE /N BHS BIAR o A B AL T K RIE) R IE , %
KRNI RE & R K Fas. ACC K 4 9E K -F A 41 g
41 % -6(interleukin-6, 1L-6). & IR FE A ¥ a(tumor
necrosis factor-o, TNF-a)) ] 1A K, I 25038 B
/N BRPRT I U G o AR S 8 1 7201, miRNA-192-3p
e — P AEAE TR 2RI s A 1 R+, 24 Hh
i 58 B A s 3l vl A 2 B R AR K BB miRNA-
192-3p ik /K-, BH W7 JH WA S 5 8 3= 52 44 (gluco-
corticoid receptor, GCR)F& KK IA | I 46| H AE AR
A % DA TR NAFLDE3Y . VENUGOPALZE BRI
TORRES 5 P13 12 241 i 552 46 & L 470 1] TNF -0 m] fig i3k
miRNA-194334 , FE40HI B R A0 (hepatic stel-
late cell, HSC) Rac GTPHFIE & H-1(Rac GTPase
activating protein-1, Rac-1) M JIgJii & R AFEFE R 3-7%
HE-3- L I3 R 4T 8 A 5 18 (3-hy droxy-3-methylgl-
utaryl-CoA, Hmgcs). #HJF % H A5(apolipoprotein
AS, Apoal) 11k, SIMAITISE: BYRF 5T 52 34>
J3 v o ) A SIS B T A T2DM 8 # miR -
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NA-1941 R IE K W3 BT, HOGE RS R,
XX T H AR 12 276 77 NAFLDFIALH A — € & o
I 25 F BT LA NAFLD /D i miRNA-215%
ik, PR A 1 Fas. ACCHIZKF-, Lk
% NAFLD IR R 5 & BAE oL ™. 6 h a5 am i
HHIZ M EEHH miRNA-21 1) R 1K FFAK Fas
ACCH)FIE KB, HIEH AL, NAFLD &3
I miRNA-26a7 1K 7KV A0, 52 H 215 7] Uik
BN 55 IR BT TR B, miRNA-26a 415 7]
FHINAFLD IR 15 22 1 5 2 S 3B PELOZIN
S5 DSHIE R 10 J8 47 L (5% 1 ) A7 S0E 3l Al HE i/ B
miRNA-26all) k7K, [F] I B0 8 E B0 B/ L
W) A5 2R $E 8 [ (protein kinase B/mammalian
target of rapamycin, Akt/mTOR)/5 5 1 £ /)N 51 1)
O EBK, RT3 A5 B A LA — e AR =
Mo ¥ E24H K ¥ 2(nuclear factor-erythroid
2-related factor 2, Nrf2) & i HF A o503 g Ji i AR &
AR EE R 22—, 1 Hep G241 My # miR-
NA-27H)3d R IE L BEAENr2KF, 3 TGP E T
TR I AR R PO, (AR U7 5 VO I 4 TR IR
FEAR A2 3 AT A 25 BRIk miRNA-27/K°F, _E il R
0 35 ATt A e A2 B A 8 B D BB 52 A8 y (peroxisome
proliferator activated receptor y, PPARy)(JRAR 4%
S Ecl P R Y P P (B3 N A AN W= il 2N
VIBIETBINAFLD(% 1). WI#THTA, NAFLDI i
FUARHHE 5 2 P miRNAFI R IEZE D)L, 185)
WS N A s AR DT SEAE ¢ miRNA
IFRIE, A Fas Nrf2%5 R R R IE K, b
RE 5T & e 0 A B TR 5 A 1 I e AR, 2k i
20 NAFLD/MA iR S5t AQ s (K13) . il id iz s &
miRNAZIE Rl 5 C BONIR T NAFLDF)
B3, B8 NAFLD B33 5 AR i #E v,
FHRmIRNAZRIA I 2032 45 58 55 TR 9%
22 EE)EEmIRNARIA N ENAFLDSE 1 #Y
RFER B

TENAFLDJR 2 K REth , i 2 B BUSH RIE R
LR H L, X2 X 7 NAFL. NASH%S 5 1) #
SO FRFAE Y. JORE [ N AE NAFLDYR 2 o A7 £ R
B 7 T - & AT DS I 2 I P AR A TS B 2
1740 B RAZ 2T, H 457 25 1 JRE 23 6] 1 A2 B
WGBS, R A by, S U AT 4
B R A ¥, miRNAZ 5 I 4 23 98 0 f B3 52

M) NAFLD F2 A& g 13-4 8 L B A4 5 i 75 224K 4
miRNA. AN 980 B 2 B Ab i A2 o Bt
T8 %%, ZHUZW R ILE % T NAFLDY F2 H
(3t B 98 R S BB IR

miRNA-331d R 5 H F] T 3% NAFLD & (1)
JoE B F I MR AR P B 98 R R B, BRI NAFL &
J& INASH 5 HCCH, 2= Bl 5 55 U7 I 8 J Hh I i B2
A F08 & YRR/ B BE miRNA-33 [ R 7KF, IF
i) = w2 M 1 45 & & 7% 12 55 1 A1(ATP binding
cassette transporter A1, ABCAL)(— P g i A pli
PR )k USRI B 5 280 ) 8. NAFLD &2 T
H miRNA-34a KERKIE , i 2574705 miRNA-34a
()3 v] DA ol 38 28 0 . F 4 i V8 T2 R R A A
5t U WANGEE VW 57 7w 12 AR5 B A 2 sl
Y NAFLD/N 620 i A 1 i 7 1t 0% (adenos-
ine deaminase, ADA)K 1A, ADA KL R IA X T Hi ]
miRNA-34aRixH W EEH , XIRiEahnT Lk
NAFLD/MA H miRNA-34a 5 35 195 B 4 9 Je o, 15
miRNA-34a ) #E 5 K 4 K B A . miRNA-23bik 2k
2215 R /N NAFLD, #25 miRNA-23b3& % 7K F Rl I,
FNAFLD/NRARE S B« BRI T 5 27 440 1),
W58 B 8 A E S B P A VI 2R RE 1 4R RF
miRNA-23b7KF, FHAM] 5 i s Bz, (3 2 ARAL 1475
T BLRNIR DS PO, R/ B miRNA-27 1R IA F
SHNH PPARy K FHH0E B RE AN, {23k 4R K 1
TNF-o 1 IL-6 (R -0, I = 48 E ) L, {HIS Bl Af
PLA RN H] miRNA-27 (138 I Fii PPARy, RS T
W U R ABCATIZRIE , PN 98 9 e B2 O 1)
KM E 2, NAFLDY F2 HH 13 5 98 0E 2 9 1 R e 11
HER K, B30T 5 50 R BAH S miRNA,
BU ) -1 40 PPARy. ABCAIZSHEEA, $ih) 4 9E R T
SR A L R R IE , Dl I 20 23 52 RF 4R M % i

TR, AR B AR IR SUE E, R S

NAFLDF HFI(FE3). Rk, #7828 shi il i i 2
miRNAFIE LN H] NAFLDY FE A 1) 48 5E OB, X
FIHY7 NAFLD A B2 . HFEEFERNE, #5
miRNASZIZ B FINLE AN B R, 75 250 AT 1)
W5t
2.3 EENAIEmiIRNARIA L ENAFLDRIE F HY
E=REAND

& & 19 4 (reactive oxygen species, ROS)Xf
TR T2 M IS B A 2 B, H B ROS 2 0l 2 e
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Table 1 Different types of exercise regulate expression of miRNAs associated with NAFLD
Ll WIS G BB 5 Y iRNAS EUIELR S 30k
Mechanisms Object of study Cycle and type of exercise Target gene References
Lipids NAFLD mice 8-week aerobic exercise * miRNA-1221 SREBPI| [27-29]
metabolism Obese rat 2-month aerobic exercise ® miRNA-192-3p?t GCR| [30-31]
Obese patient 3-month aerobic exercise © miRNA-1941 Rac-1|, Hmges|, Apoa5|  [32-34]
Obese patient 6-week aerobic exercise © miRNA-21] Fas|, ACC| [8,35]
Healthy rat 10-week aerobic exercise © miRNA-26at Akt/mTOR? [36-38]
Obese rat 4-week hypoxic exercise © miRNA-27] PPARy? [39-40]
Inflammation Obese mice 8-week aerobic exercise ¢ miRNA-331 ABCAl) [46-47]
NAFLD mice 12-week aerobic exercise " miRNA-34a| — [11,19]
Healthy women 8-week aerobic combined miRNA-23bt — [20,48]
with resistance exercise '
Obese rat 4-week hypoxic exercise miRNA-27| PPARyT, ABCA1 | [40,49-50]
Oxidative stress ~ Healthy male 72-hour sustained aerobic miRNA-193a-5pt  — [10,56]
exercise '
Obese mice 10-week aerobic exercise * miRNA-331 SREBPI| [57-58]
Healthy rat 10-week aerobic exercise miRNA-26at EIF20| [36,38]
Obese rat 4-week hypoxic exercise miRNA-27] Nrf21 [40,59]
Hepatocyte T2DM rat 6-week aerobic exercise - miRNA-1267 Caspase-3|, STAT3?1 [63-65]
apoptosis NAFLD mice 12-week aerobic exercise ! miRNA-34a| SIRTI} [19,66-67]
Healthy women 8-week aerobic combined miRNA-23bt — [20,48]
with resistance exercise '
Healthy rat 10-week aerobic exercise © miRNA-26at SREBPI |, IRE-1a] [38,69]
Liver Male athletes Long-term regular exercise miRNA-3751 IGF-11 [75-77]
fibrosis NAFLD mice 8-week aerobic exercise * miRNA-1221 SREBPI| [27,79-80]
Obese rat 10-week aerobic exercise M miRNA-21] Bcel-2|, PPARyt [9,81]
Healthy rat 10-week aerobic exercise ¥ miRNA-291 Dnmt3a|, Dnmt3b] [82-84]
NAFLD patient Long-term regular exercise miRNA-146a7 TLR4/NF-kB| [22]

12 3RIE B | RIE R — RUE . A: 8JMIPIEE, 15K, BEHX607381, 50% i KGR L ; B: 20 M i3, 15K, 5:Rk60 74, i3
N22K/5 88 C: 3 AR EAT 4RI83h, TAI3IR, AT7TRRRHR 2070 B 225070, SR8 AT AR RRIK 50704, 70%~80% R K02, D: 61
383, VH3IR, 40%~60% R K45k A & B 108 0 H (5% ) B dilkia s, VA SIK, /006070 8; Fr 4% (13.6% KDL 18
B, UE6U, FEIR605 81, SR E N20K/ 55 G: 8 Hi25iz 2, R:k605-h, TR I N20K/434h; H 128 B2 185, RRK605Mk, T 15K/ 4
B 1 SR A B SIS S & I, A RIS AP B FAT 2, TS S a2l 8 T2 72/ N HEAT 22 1060~ 1273 Bl ) P IR i
(30%~65% 1w K45 S &) 1A 48 3h, R R3U, 2O LR, S N335 5, 1O Ko 10/ #1830, A5, £iK407)
B, 60%~65% i KIRAAR; L: 6/ [ d1 i8Iz 3h, R REBRTE N I e R B rh B el sh, rIALPE P RO A s 5l; M: 103 f1 (4% 14 )
H HiEIkIZ sl 1E S, B:K6050 8 N: 10 [ HRiiFikiza), VASIR, k6054 .

1: expression rising; |: expression decreasing; —: not determined. A: eight weeks of running exercise, five times a week for 60 min at 50% of
maximal speed; B: two months of running exercise, five times a week, one time for 60 min at 22 m/min; C: three months of aerobic cycling
exercise, three times a week, tapering from 20 to 50 min each time for the first seven weeks, and 50 min each time at 70% to 80% maximal
heart rate starting in week eight; D: six weeks of cycle ergometer exercise, three times a week, 40%-60% of maximal oxygen uptake; E: ten
weeks of weight-bearing (5% of body weight) free swimming exercise, five times a week, one time for 60 min; F: four weeks of low-oxygen
(13.6% of oxygen concentration) running exercise, six times a week, one time for 60 min at a speed of 20 m/min; G: eight weeks of running
exercise, one time for 60 min at a speed of 20 m/min; H: 12 weeks of running exercise, one time for 60 min at a speed of 15 m/min; I: eight
weeks of combined aerobic and impedance exercise, with running or cycling for aerobic exercise and weight lifting on machines for imped-
ance exercise; J: multiple 60-12 min sessions of low- and moderate-intensity (30%-65% of maximal oxygen uptake) aerobic exercise, three
times a day over 72 hours, two of which were weighted runs with a weight of 33.5 kg, and one of which was unweighted; K: ten weeks of
running exercise, five times a week, one time for 40 min at 60%-65% of maximal oxygen uptake; L: six weeks of free-running wheel exercise,
where the rats ran freely on a running wheel device in an iron cage, which could be regarded as low- and moderate-intensity aerobic exercise;
M: ten weeks of weight-bearing (4% of body weight) free-swimming exercise, five times a week, one time for 60 min; N: ten weeks of free-

swimming exercise, five times a week, one time for 60 min.
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miRNA-194 1  miRNA-21 |

miRNA-122 7  miRNA-192-3p
miRNA-26a| miRNA-27 |

(): PR A 1 Fik B | RIE T

Exercise
interventions

(+): promote the development of symptoms; 1: expression rising; |: expression decreasing.
B3 ZEE1AIEHE X miRNAK ENAFLDRIHL IR EE
Fig.3 Schematic diagram of the mechanism of exercise regulation-related miRNAs for the treatment of NAFLD

FA R, PRELERAAR R PR IR e kAR B 4
IR EDNA . B E S5 0. AR AE
NAFLDJ A F2 H 40 & A P4 5 P S8 98RE & B
PR, Py Joi R 3R] 5 4R A SO ELAE
1, I NAFLD ) 1 & J& B, PRk, T e A S
FHOR miRNARIZRIE , F0HI T I A L LYK LA
) 1E 5 g AT 17T NAFLD Y i 2 — 25459,
JOHNSONZRT 5¢ & B NAFLDJ £2 71 miR-
NA-193a-5p A /K38, vl k42 53 0k 248 g
EAL N, T 72/ P E SV R Ris Bh R 4k
miRNA-193a-5pfEH/K-F#2 5, H miRNA-193a-5pfff
WK iz i 2 IEAR OGP, X $&7RiZ2 5 nf LLid
IR TF miRNA-193a-5p/K -1 (1 75 R B3 NAFLD &
FHIEAL R, {2 miRNA-193a-5p T K (I 4n 3L R 5
TR FAIA B . miRNA-332% 58 i A4 s
S SR E BT, R miRNA-3331A KF
K2 S8R R A R BT %S SREBPI, 53U
PRI G B, SUE AT AE T 07, W7 B 108
Hh 9 A EIE B RE L NAFLD /) B miRNA-33
Fik, BCEEAR T A S A RIS L. miRNA-26a
A AR EAZ AL 46 T 20(eukaryotic initia-
tion factor 20, EIF2a) (17554l P J5 98] )3 38 4 < B A

), F IV miRNA-26a%1k n] )it EIF 200 15, 4%
PR I 7 35 I A AR 1 B KR I Rie
B RE I NAFLD 8.5 H I miRNA-26a /K131
G, BETU > N N SR S . b SO K RIN 24
SERRTHAH BT A A R RE S R T, miRNA-27
Tk ek TR A ) Nrf2220K B0, PR, 18 238 1 0 1)
miRNA-27FRIE T+ Nif 2/ 3235 7KF, A 25 T-NAFLD
BEETH MR BUAA R RE ) (R ). BLEgER
P27, I ROSIE #2175 & 148 A0 O E NAFLD &
Ji& , T3z 2 ml i P A SO X miRNARRIA,
FO) 5 R PN R 9 IS 8 ) S DR Rk B T PSR IR T
KT, IR P RIS A A R AR B A, 4
FHAH BB A R RE R s AR K,
T 2403% NAFLD(EI 3) . 7 ZvE R 2, AN
AH2E miRNAFTHE ] )R S R 7 02>, i 22 L
A B . BRI, 183135 ¢ miRNA R IA DL ]
NAFLDE A REFIAL ST B R HIHR 725 0]
2.4 EFFHIEmIRNARIEKENAFLDIFRZEF A
FF&f BT

7E NAFLDJRFE 3 WL B T2 5 . RE
SN A A B A R R 2 5 SO 2 Bt I
PTG, WIS I 98 9 e B 5 21 A ) A
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JNiE NAFLD s A2 & B 1 38 I 4% A0 5¢ miRNA
FIE LA 4 M 3 T2 W) O NAFLDYR T 2 it
B

miRNA [ 3234565 31 5 JH 40 08 T ) B4 i
WRELIRE -2(B cell lymphoma-2, Bcl-2). AR K4
IR & [ -3(cysteine-aspartate-specific protease-3,
Caspase-3)5FE R AH — 2 AE H ¥, {i Caspase-3
FIE A R8> NAFLDAM A JH- 40 i 7 T #f i 1,
TR AR B XS S 56 2 I miRNA-126 (15 2548 AT 3%
TS 5 SN SO IR ¥ 3(signal transducer and
activator of transcription 3, STAT3)F:41#l] Caspase-3
FIR I, AN, miIRNA-1263805% STAT3 5 7] 45 24 il
Bii Fas /3 (58RI 11T CHODARSE 1 3 6
HUISRE A iz ) =TT 7 KR miRNA-126
RILAKF, ZRIRTRE B A2 miRNA-126 5 0%
STAT3H4| Caspase-3, VLIS NAFLDYR A2 H )
FALRLES PR T 5 A 5T K I NAFLD &
# IR miRNA-34a 48 i 4011 ST BR A5 B 0 19 81
1(silence information regulator 1, SIRTT), {2 f5 fT-4H il
P, I 55 7 BRI AH DG 10 FAth bt 5
‘7 miRNA-34a%f § A 4H i BA e oA Y. 32
BIAE I NAFLD 2 g 7 AD AZRIE Y [R] IR I 2 410
il mIRNA-34a5k 1k , X $7Ri2 3l ] @i 71| miRNA-
3daf T LI K] SIRTIZ KK, I T 2% i 98 95 S5 S8
SHF4uaRE T M f SR K miRNA-23bxf
2 7 U AT AR A Y, T s 3 BT DA Ak
F2 T miRNA-23b 1) A 7K PR, DL 20 B 57 4
2o #27t miRNA-26a# 157K FRE 1 B IKNAFLDMA
()9 T3 i U R (free fatty acid, FFA). TG7KF, F#E
B SREBPI . JUUREHIGIE S 1o(inositol-requiring
enzyme-1a, IRE-10)(IRE-1 a5 3215 AT 2 A% -4 o Py Joi
W S A R T R IK T IR AL
JRLICRE 77 DA S R T2 0, T Bl ] LA R
#t miRNA-26aff]RIE P 1), &2, NAFLDFEH
BRI SOE R IR PRl S AN M) R 3 48 2 ol 4
IERER T, IS KR, T miRNA-126. miRNA-
34255 RIB ) ZIBB T, X miRNAF B AR T
WISIRTI. Caspase-355 & RNfFER, DLAHI T AF 40 it
()3 O T AT 25 3% NAFLD(#13) o
2.5 EFFEmIRNARIAN ENAFLDEHE F 8
BT eF4Eik

JH£F 44k 2 48 BT 2 i A0 ik BT R 3R e KR4

PES A8 5 BUF N T BOK & 570 R 20 21 9
FHILR U0 2ok b9, 2 K@ NLC. HCC.
PR, 2T 454 40 AN AFL DY 17 Ak B0 58 S48 b
Z M, FENAFLDJRAE T, 52451 JH- 20 e gk = i 4
. HSCREBUR A [ 1 &5 H T 5 R £F 4E LA
Ji, 5 EHE G A M N AT A2, S R R A
S AN T AR, 3 A A R B DR I
IR B £ P PR 20 U i 27274, IR AR 44 @ I —
EF BRI, MEAT A gL el fe b, 52
miRNAZRIE KA1 52 338 3 (1) #E1
miRNA-3750) 5 %150 T NAFLD £ 460
FHIEH 77 K HE 338 miRNA-375% 18 257K
T, E KT B miRNA-375 0] 4 Sl 5 B ke K
[X ¥ (insulin-like growth factor, IGF-1)3R1k /K42
T+, IGF-17KF- (42 T It Ji JT R 52 3 #E 9 9 PR 41
e H U8 X R I8 NAFLD & 3 nl ot K s
7)) E I miRNA-375%1k, 32 THGF-17KF-, LA
JFE LT 4610 . miRNA-1223 55 B2 2 /N & 4
N B IR A A R AR PR O BUNASH, 2T 5] 4
YEALER B L, X 378 miRNA-1227E NAFLDY#
FE P 2 5 BRI U A3 0328 B 2 i R miR-
NA-122FIE KRB, B8 25 fEH Rigsh &
fEENAFLD/) T IE miRNA-1227KF_F T 2750 3
M B4 SREBP1. TL-6. TNF-affJ k7K, 40
INBRSRE RN B AT, B BN miRNA-122
ZIEE GG SREBP 120 3L K, SF T 221
NAFLDRE N JTEF4Efb 254 B 2 % 3. fl]
miRNA-21 7] T PPARy I 2235 R EE JAE < JH A5
PR AL B, 108 1) 471 5 (4% 14 ) A8 Bl mT B
I miRNA-2 17K, 4k 17y 0 1) JFF- 48 B 0 12 2% (K] Bel-2
RIE, RIS 1 PPARy SR AR M I 45 YL SiE
RV miRNA-2940 1] 771 2> {15 #E 1 [X] DNA H 2k 5%
% 3a(DNA methyltransferase 3a, Dnmt3a). DNA
F L 57 1§ 3b(DNA methyltransferase 3b, Dnmt3b)
FKiIE B (Dnmt3a. Dnme3b3E K31k A m] (2 4/
SRHSCIHELIYFE , 75 R I 45 AL B 5553, 10 FEAIK
R A RS B2 1 15 miRNA-291 %k F i ™, i
DL_FF g 45 FAHEIIE 2 nT 42 TF miRNA-29 % 15 7K P,
FHXINAFLDFAF 4Ll 4 4 — e fE I . TollFf 5244
4/}% X ¥ -xB(Toll-like receptor 4/nuclear factor kB,
TLR4/NF-kB){5 518 i ik 18 23 1% A HSC 5 K T4
Yetb, 52PH85 PR B AR 2 3 AT {2 #F miRNA-
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146aft1 221k, #01A) ~ if TLR4/NF-kB15 5 3@ % A 56
FERKF, TN AFLDANMA i 45 [ B -5 BT £F
itk (£ 1). 25 LTk, NAFLDYFE AT £F 44k
P FR 1 58RI S IR 2H 23 R SR i, T I 4T 4
T B R 52 B A ¢ miRNAR RS . X $ERiE3)
AT 3 s A S N B AT 4E AL A 9% miRNAZR X,
ke S R T i A AN A B~ i g & B E 211
A1 5 NAFLD I £F 4E4L , LLIR YT NAFLD (4 3).
H #TA B 7C 48 38 30 ] AR 10 5 1 45 440 1) 7 B
Z—, BH BN FRATA A E , Birissh i
NAFLDY 2 H A 9% miRNA K R IE i {E MR iZ L
il FR) BT R

3 REERE

BEizsh. Mbuzsh. mmBEEEas s T
A N =R I Y AN = K S VA O R R 2
BIASGEER, (R0 5 I0E B SRR T T 5 8 3L
RGN, 286 2 M7 RE G B8 SR
i€ 1B B b J7 R B IR ™. — g BB E s Bht
THERIZEA 1, H2AIERNIZEE 85 FH
E (LAE SRR IR BN ANEE . RELL N ) B0 B 55 )ik
R BB T

Xt T8 86 T NAFLDRIHLH K ¢ 4 W, 5
12 )i 4% miRNARIA 805 NAFLD AR Z AL
HlFHE 7 H R~ BET TR NAFLDE 2, 12
B0 T H L miRNAR L B A HIE/EH , X2 miRNA
(12238 K F X T NAFLDR AR R A — € 2 , X 42
NIZFETT NAFLDHISFE, 98 5HHC miRNAFK L
FERK R . R8T KmIRNARKIL IR TNAFLD
AL, S B AR 0 JORE SO . $RTHBT
FACRIELRE 1. WD P T SEBUF AR 4
R . AL, IRAIR UM 28 miIRNASR L Frid
(A5 5 E g S BB ) () B RS IR, T — D SR
NAFLDGST ML [F A EAG BB B 5 50 s o
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