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Roles of Long Non-Coding RNAs on Hepatic Insulin Resistance

DONG Gaoyang, CHEN Peijie, XIAO Weihua*
(School of Kinesiology, Shanghai University of Sport, Shanghai 200438, China)

Abstract Insulin resistance is the common pathophysiological mechanism of obesity and type 2 diabetes. The
liver is an important target organ for insulin-mediated glucose uptake, metabolism and utilization, and an important site
for insulin resistance. Studies have shown that liver gluconeogenesis signaling pathway, insulin signaling pathway, lipid
production signaling pathway, autophagy and reactive oxygen species are closely related to liver insulin resistance. The
liver can produce a variety of IncRNAs (long non-coding RNAs). When IncRNAs are up-regulated (eg. Blncl, Risa,
MALAT1, MEG3, SRA, Gm10768, H19 and Gomafu) or down-regulated (eg. IncSHGL), IncRNAs can orchestrate the
liver gluconeogenesis signaling pathway, insulin signaling pathway, lipid signaling pathway, autophagy and reactive oxy-
gen species, so as to participate in the occurrence and development of the hepatic insulin resistance. The elucidation of the
relationship between IncRNAs and hepatic insulin resistance in this paper will deepen our understanding of the function
of IncRNAs and the mechanism of hepatic insulin resistance, and provide a new direction for the prevention and treatment
of diabetes. LncRNAs are expected to become a new target for the treatment of insulin resistance and diabetes.
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355 LncRN A [ A £ AR VA 2 B Hp L] 699
PRI UL R A RSR R R PR ™. Horh, T2DMAZ LB E AR A0 ()32 ——IncRNAsH] LUAE

B DL RAL, 5 BT R RO R 1 1190% LA _E, T FER
5 Z K Pi(insulin resistance, IR)/& FET2DM ) 3= #
JREERT . TR/Z 48 1E 5 W B 1R Jik it 22 A2 BEARONAR T 1F
AR, T BRI g i R A FH ISR A 2] R
By 2 AR F IR S L S L PR A . BT, T IE
FET2DMIP) R AR R R R T BB EAE R . AR
FUARY) AR A% O 28 B, FERE IR AU K #4555 &
SR, 2R F ) R B A 2 —B MR
AR By R ARPUR, T R AU 2R L, i A
BETH =, TS B T2DMIF R A

ITAESR, BEFR# KL 7 R E WA w & E R
T I e AR, 1K 5 4E 4 S RNAs(long noncoding
RNAs, IncRNAs)EHH 5 TR KL . Lo-
cRNAss 2 H A 2 M Dy e (0 4% R 1, 78 U8 15 0E
JR IR B B LA G 1D 4 AR I A2 okl B AR A,
YIncRNAs K AE SR, vl B RE, s
RIS FARGUARE R Bk, R ZE IncRNAs Y
JHF U 6 % 2R AR TR 56 2R, AR SO [ 9 A RS
BRIFFAT 7 RSB, WFFIERE 415 Sl Es . R
e T, JRRAEHE Sl k. B E TR
A S5 £ P DA T IncRN A I I g 5% 25 HE 470 1
EVE R, X8 IR FRATT X5 IncRNAs T 88 S B I Ji% &
FARPUHLE] N ED, JubE PRI B 97 vE H2 A58 1 77 1H,
IncRNAsH 2 BN 6T RS PRI BT 4L A

1 LncRNAsHIZEH R HEMZF/ER
LncRNAsIH # # € XK #1200 % 1R
HEA RS Ee R AR, R ERAT R+ E
(PR 43, FRHR 5> EHRNASR & B 5. 5 mRNAs
5, IncRNAsH SRR 3 BIRF L. BT £
A 5T 5 g5 T, 5 mRNAsAS [7] () /&, IncRNASTE
ASFE MR R ST R 2. AR YR B 1 A R R 1)
FHXTALE, 7] #IncRNAs%> N )2 L IncRNAs. N 7+
IncRNAs. X[ IncRNAsH1 3 [A][H] IncRNAs®! . #R45
AR ML, IncRNASH] LA N BL R Tff. ()E 5
IncRNA s I A 41 i 28 Y g e PR 3R IA, 6 22 ol 8
Y16 [N, R, IneRNAsH] AR A 4> T15 5, LA
BREBLRE R M IR 5T 5O % Fof A
U, (2)FH——IncRNAs# % )5, 454 HbrE A,
EARRIEATAT I EEM . (3)5] F ——IncRNAsH] LA 5|
SRNAsE G HEE, AE5 FREZREOEGYE

AR T e F 1, LncRNAsE A A
I ) 5 e 38, 456 AN TR ) R 4 F . LncRNAsH] LA
TE [R] — I (AR 2 AN 3R AR 25 6 78— i, F i i i Ff
75 20K AT B B A e S B B ) R B R SN AR LR
(RN 23 (8] 25 S AE—E0, (5)1E5E T ——IncRNAsit
CINYSEBOR SRSyl 1) = b R R b P - Wl |21 1 E00) 5
Ao X IncRNAsZHREITT FEER ], IncRNAsAI 2 £
FEREOTUE . Sl k. 8i8. ML R ER
R S B S T LT A B AR B RO, AE L
LT, IncRNAsHE 2 1] LA A HIIKY, 2 540N H
fih B A SR FI T RE R R 50, AR, B Z 1N
FHFInCRNAs 5 HHICHI IR &R, WineRNAsZ 5548
FEABUSIO 0o L AE 5 TR U VR B 2R 2 i BRI A,
IncRNAsIE BE T AR A BE B, & 5%
R A5 R R,

2 LncRNAsXRTAERR 5 R A AL

JEF R 2 A A0 A R B B 2R, TR
R BE LI, A AR I, R TR Y OB AR A
SRARAE PO, T 2B R & B AR TS, W gk RS I R
SR RN PR R A 2 MR 3R 5 IR R B AR
PURASS, an RS S A 0o P 0 v] - 0y L b, 3k —
IR B A MRk, SR A AR S S
TR B B AP R AR, BT R B, IncRNAs
5 IR AR 25 U1 AH O, IncRNAsH] I 4% fF Ik 4 55 2E
EREpUN N RS (il N =) AN IEERE il N
W S PR SR A, T2 5 R & 3R AR T Y
. WifEdb/dbslob/ob/N i, Gomafu, £} R KKK
3(materally expressed gene 3, MEG3). Gm10768.
MALAT1(metastasis associated lung adenocarcinoma
transcript 1)331A Tt 5, /N R 0 H 23 I8 5% - &
&) HE AN 2 M ER & ZR 8 71 =212 Binel(binds
to brown fat long non-coding RNA 1) fll SRAIL F 1A
AR T o A B, 2 TR R e ER AR,
Risa il i $041 E W GEBE R B 3 AR . IX BRI TR
B, IncRNAsTE T e i 3 F BT 10 R 28 R e vh R 4%
T HEZEEH.

3 LncRNAsE#z AT AEER 5 Z AR
3.1 FmBTHEER S RIE SR
IncSHGL(IncRNA suppressor of hepatic gluco-
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neogenesis and lipogenesis) & /) I H & & 1) — Fh
IncRNA, 7E i 55 FH MR W AR A v & 4% 5 244 (1
). BF5T 2 W], B P IncSHGLH i 554 A 1 — 1%
B #% 55 1 Al(heterogeneous nuclear ribonucleoprotein
Al, hnRNPA 1)1 JIICALM mRNAs#HH 3 &k % 32 & 45
2K A (calmodulin mRNAs, CaM)JEIEKF, M
T ¥ PI3K/AKT(protein kinase B){i 5 i 4 Al 47
il mMTOR (mechanistic target of rapamycin)/SREBP-
1C(sterol regulatory element-binding protein-1C){5 5
JH %, {2 83 X 3k & 85 [ 1(fork-head box protein O1,
FOXOWIZFe#%, i il B 7 6 A A o 2B e 1T
JEIncSHGL I 32k 1 i g 1B /) B 2 I L AK TR 1R
L35 11, PEPCK (phosphoenolpyruvate carboxykinase)
1 G-6-P(glucose-6-phosphatase) ') mRNAsHI 4 [ &
I A UTERIneSHGLI B AIRAK TRERR L, 48 hrp
St A AN S5 A i R AR IE . R W IneSHGLAE T
I Jik B A5 S AR b R R AR T OCERE Y, LR
B ] BE A R 5 3RS S s B R AR AL 2 —
3.2 AR EES @RS

3.2.1 LncRNAs# AT JEAE 7 A 699842 JFBEHE
FAEHAAEYE R B fa S b B /R, I
R S A ek YOS AT A I T R KT T R AT
HOm b, WE AT AR B, IncRNAsH] LU 15
JVERE e A A5 5 I, AnAERE PR /N BRUH IR, 2 Fh
IncRNAs(Gomafu, MEG3F1Gm10768)3 12 & & 14 i1,
JFF HFERRE 7 A S 6 T, /) B AR L T 2 AN T 52
R 5 R £ v, AL O AR 2 I A e
3.2.2 LncRNAsidzATIEtEF 4 694u%]  LncRNAs
FR) S 2 TR AT DA I W S A A - G i 1 o, AT

3 B 3R A A BE KT T, 12 DR R AT
(2). WL, IncRNA Gomafuiifiid W I miR-139-
5p B IHFOXO13IA, M2 2 JH- 40 Bk & AT
AHEWTEY], IncRNA MEG3 1 Gm107681F 4 P4
PE 5% 4 RNAsIE o W femiR-2144i2 3 % 5% 80E B 7
4(activating transcription factor 4, ATF4) %} FOXOI [
IEEEE, i34 IPEPCK/G-6-PI¥I %15, {2k I T4
%) 0 A2 BB, MEG3i4 1] #) fillmiR-302-3p X} CRTC2
BRI R, 8 o i S A A G B D O 52 Ay 3
P A F-1a(peroxisome proliferator-activated receptor
Y coactivator-1a, PGC-1a) fIPRPCK/G-6-P[#] K iX, {2
IR S WAL A AR, IRk, W FL R B, H19i@ it
455 SAHHIF U FL R, FRARHnf4a)3 51 W Ak, 1
INHnf4aZi%k, i3 IIPGC-10%t PCK1HIG-6-PII{iE
BEVE T, UM &0 A g neo

3.3 SZMmAT R AR BT st

3.3.1 AFRERSHr& A, LncRNA MALAT /i iR
HeR AR AR, B Z M A Dhse, vl ¥ e
% PRl 41 L BR A2 p45AH 5% [l F-2(nuclear factor-ery-
throid 2 p45-related factor 2, Nrf2)ii 15 T 5 b 2 [K2Y,
i W] i B 1ESREBP-1C7Z 2 AL 4 Il 2% SREBP-1C &
EASE ML, (M AR B DO R i 2 k™. 72
ob/ob/™ Bl FH- 2 JH M A Al TR & A B P /) B8 248 i b
MALAT 128 34 0, [7) B £ i H v = B A0 ] i 7K
ST TR TAMALAT 135 ) 0] 3 5 A7 A 1 4k 175
S A SREBPICRIBFR AL R . b4k, KF
S5 V£ Fi BRob/ob ) B FF IFMALAT1 H] LA % IKHMG-
CoA(hydroxymethylglutaryl-coenzyme A). PEPCK
MG-6-PFIE, /N B A I L 2 I A W 3 A1 ke & 3R

LnsSHGL —> hnRNPAl ——> (CALM mRNAs ——> (CaM

mTOR/SREBP-1C \/

IR I— pFOXO1l <€——— PI3K/AKT

LncSHGLIE i 5585 hnRNPA 11 58 CALM mRNAsHIHH 1 RCR B hnCaM, #EPI3K/AK TS 5 18 B 0 #mTOR/SREBP-1C /15 Sl i, 2 53F i & 231K

PFE5EH A 1C; PI3K: BEIRBELES W AKT: 4 F¥0EB; pFOXO1: X ki A 1BERRAL; IR: B & AT
LncSHGL recruited hnRNPA1 to enhance the translation efficiency of CALM mRNAs and increase CaM, which inhibited mTOR/SREBP-1C signal-
ing pathway and activated PI3K/AKT signaling pathway, leading to insulin resistance. hnRNPA1: heterogeneous nuclear ribonucleoprotein Al; CALM

mRNAs: calmodulin mRNAs; CaM: calmodulin; mTOR: mechanistic target of rapamycin; SREBP-1C: sterol regulatory element-binding protein-1c;

PI3K: phosphatidylinositol 3-kinases; AKT: protein kinase B; pFOXO1: fork-head box protein O1 phosphorylation; IR: insulin resistance.
E1 LncRNAsX R B =5 SEEAYET
Fig.1 Regulation of IncRNAs on insulin signaling pathway
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Gomafu ————] miR-139-5p ————4 | FOXOl ¢——— ATF4 |——— miR-214 | |——— MEG3
T

Gm10768

IR €«——PEPCK/PCK1/G-6-P

PGC-lg ¢——————— CRTC2 |—— miR-302-3p

HNF4a |— Hnf4a promotor methylation €——— SAHH |-— H19

Gomafur] 1| miR-139-5pFFFOXO1 {4/ H, #IMPEPCK/G-6-PHIZRIE, itk 5 % HKHi; MEG3FGm10768 1] #ifilmiR-214 5%+ ATF4 ) #1]
{EHI, #4IMFOXO1RIPEPCK/G-6PHI 2 1%, {1t [ &% 3% 1k 470, MEG3I4 n] LI miR-302-3pXF CETC2 4 I/ HI, 14 IPGC-1aHPEPCK/G-6-P
eIk, fEREIRR By AR, H1945 & SAHHE I RIS, BEICHn 4a ) 3 T AL, SEIHNF4aRIE, I 5 3EPGC-10Xf PCK1A1G-6-PHI{ERE 1 -
FOXO1: 3k A 1; ATF4: #0E F kK 1-4; CRTC2: cAMP RN TG54 8t 19 # SRALH0E BB 72 PGC-1a: i S AL Bl PR S S e 32 1
Yl BT )T - 1o PEPCK: ARG RS T I R R A, G-6-P: HIHE-6-BERRAE; PCK1: BERRIR RS N R FM ARG 20 5 1 HNF4o: IR AL T4a;
SAHH: S-JITF i P UL K M TR: ik 8 SR KL

Gomafu inhibited the inhibitory effect of miR-139-5p on FOXOI, increased the expression of PEPCK/G-6-P, and promoted insulin resistance. MEG3
and Gm10768 inhibited the inhibitory effect of miR-214 on ATF4, increased the expression of FOXO1 and PEPCK/G-6-P, and promoted insulin re-
sistance. MEG3 also inhibitd the inhibitory effect of miR-302-3p on CETC2, increased the expression of PGC-1a and PEPCK/G-6-P, and promoted
insulin resistance. H19 combined with SAHH to inactivate it, reduced the methylation of Hnf4a promoter and increased the expression of HNF4a, thus
increasing the promotion effect of PGC-1a on PCK1 and G-6-P. FOXO1: fork-head box protein O1; ATF4: activating transcription factor 4; CRTC2:
CREB-regulated transcriptional coactivator 2; PGC-1a: peroxisome proliferator-activated receptor-r coactivator-1o; PEPCK: phosphoenolpyruvate
carboxykinase; G-6-P: glucose-6-phosphatase; PCK1: phosphoenolpyruvate carboxykinase 1; HNF4a: hepatocyte nuclear factor 4a; SAHH: S-adeno-
sylhomocysteine hydrolase; IR: insulin resistance.

El2 LncRNAsIRTAEHER 4 (5 S @M AYET
Fig.2 Regulation of liver gluconeogenic signaling pathways by IncRNAs

Blncl > LXR > SREBP-1C €—— MALATI

|

IR

SRA —> FOXOI/PPARy —| ATGL

LXR: FFEXZ4; SREBP-1C: {§ BF #0145 & & F1C; FOXO1: X k@ d A 1; PPARy: i ALY M (4304 FH W 0% 52 #4¢y; ATGL: I 5 =Bt 1
TR TR TR: fB B AT Blncl 3 MLXR/SREBP-1CI{#R 1%, fiLilk % & 2 HLHT; MALAT I3 JISREBP-1CI 23, {2tk FHIKHT; SRAKY N
FOXO1/PPARY[{IFI5, S| ATGLIH AL, (2l & ZR kT

LXR: liver X receptor; SREBP-1C: sterol regulatory element-binding protein-1c; FOXO1: fork-head box protein O1; PPARY: peroxisome proliferator-
activated receptor y; ATGL: adipose triglyceride lipase; IR: insulin resistance; Blncl increased the expression of LXR/SREBP-1C and promoted insulin
resistance. MALAT1 increased the expression of SREBP-1C and promoted insulin resistance. SRA increased the expression of FOXO1/PPARY, inhib-
ited the expression of ATGL, and promoted insulin resistance.

[El3 LncRNAsKIRg B A5 8 & BT
Fig.3 Regulation of lipid metabolism pathway by IncRNAs

BRI NPT SR BIMALAT 1) 7 395 5 JHT-4H
JIE SR TR A 5 Z NP A %, SR T MALAT 140 4] 7
$EPEPCK M G-6-PF 1A AL 1) 1 AN 6 2, A f it —
BT

Blncl /2 T It & & i) — FilncRNA, LA Z1FF =
PEI) 7 OFFENLR AU (EI3). B 5T % B, Blncl 7]
B LXR, WS AR AR B IR, 5 35O g 1 3 A
B, R 5 2K 512" fEHFD(high fat diet). ob/ob

Fdb/db/IN BT BE A, Blnel ik 535 T, R Sreb-
ple. NEWHER A il 24 [Fl (fatty acid synthase, Fasn)Fll
fid 1 5% 47 WA 25 18 A B 1 (stearyl-CoA desaturase 1,
Scd )55 NG J5T A Rk R 3Rk o, TR H- i = e &
BN TR S M A BT BIne 1, m] DA A EX 52
#(liver X receptor, LXR)¥ 5 71 /1 5 (1 L3 H b =

o G0, o5 T 20 M JoR T AR RN R 5 AR B
2 BIBInc 178 JH Wi o3 AF ple b B 2R, HRik



702

Gk -

S ] Be 2 5 M g o ORRRT i B R AL R AR
332 JERrBREAM  SRAJEZE[MIMFZARNABGE A T,
TE YR T JF 0 6 26 0 7 A R0 T o A R R OB E
W5t B, SRAT] LLEIEFOXO1 MIPPARY(peroxisome
proliferator-activated receptor y)¥ il fig il H v = fig
A Wi B (adipose triglyceride lipase, ATGL)JA &1 ¥ 4,
/> FLR R, AR b T U IR JoT A= R0 i B 2 R P
SRAG 5 7N B A H- i = B8 5 B BRI, TR I 28 Uk
PR3 A AE JE AR 40 i oo 2k SRA, T LA il
ATGLAK A A iy 5 i 7 BRBAE AL, 47 41 fi[FOXO 1A
PPARY[) R IA W INATGL#K ik . % WISRATE JiF i
JEBAE A4 T B EAE A, R R Rk ] e 2 e
JER TR i & R A5 5 8 B 2 R AL 2 —

3.4 SNuATHE B

3.4.1 A5 AR B R IR I 10 O A
AL o) o A 4 P i 2 §) — Fol 2 AR AR i A2 0.
W OB UE B 22 5 68 I 32 WO I W YT, R R R
B W TR 5 2P R AR, BEFR R, BRI N
SRR B W BRI, 5 0 o R A Rk O 3Rk B R R
1 -7(autophagy protein-7, ATG-7) ] iz 75 1] LA
o R, DT i v i B 2% R 1 R ] A A AR S
ATG-55 KL R/ FR A R Ay B W0 e 5 2 U
PEXEIN. UMbk, 12315 5 1) H R AT DL ST HFD /) B
1) 58] ) B T 52 PEDS . X SRR ST SR B, B R S
i By = APU A OC

3.4.2 LncRNAT i@ L3 45 I IE B £ % 70 ik By & 3%
3 RisafE —Fh 5Sirtl(sirtuinl ) % 32 3T 1) 5 5%
A, LE YRR ) 2% BB A W R O 4 AR
FHPY, - FERisaid 2k 1)/ LR ACH 48 i o, LC3B-1I
R A AILC3B-I/LC3B-TEU B 3 P4 MK, ULk 1(Ser™ )i
TR AL 38 0, ULk 1(Ser”) i BR A0 A B T 40k 5 Wax (1]
4)o A, bR/ BREARH 41 I Risa g 35 JILC3B-1I
[ RIE UKL (Ser) i R4k, M1 38 55 148 i H
Wko 5 FaRAARANSZIRARARL, T8 R 8 Ik S R s

i R C57BL/6 Fllob/ob/)s Bl Risa FJ LA 1 56 - 41 i 15 Wik
R I 22 B0, R I R Bl A B RO B R ATG-7
FMATG-53 X5, Bk & 37 5 I AKTHIGSK B IR
BN, L & mTORC2(mechanistic target of rapamy-
cin compund 2)J% 5 4 il Al 7 RictorZ& ik B8 i, #0141
Risa o] [B & 3 HRAT0 A 25038 28082 7T R R I ATG-7/-5 84
Rictor Y I T 55 . X LEHff 5T 427, Risan] Geid i
) (5 M, 5 B I R 5 R AR BT A AR

3.5 SZMMBTAEE M E A R

351 EHEHALEEMEEERIL WS (reactive
oxygen species, ROS)Z %A B H I TE K, i 240
DN R AR I URCRIT g 44K B0 1) 7 i, 40 4 D 2
FUBT AR oML R i i A0 I 4 SR AT R W,
ROSWAME NG T, Z 52 Fh AP RE R % .
HBR R B 22 B A F0UE S, i EROSS R & R ARBL K
KA K, WAETNFEGM ZE KPR YT 77 AR IR i &=
HRPTAH M, ROS/KF- (3G I 2 - ik i 2 KT 1) &
AP, it B ROS AT 38 i I#E INK (c-Jun N-terminal
kinase)# #i]IRS-1(insulin receptor substrate 1)1 &
FE T IMAKTRERR ML, 51/ S AP, & FHROS
A1) 75 D) AT 2 PRI B AR BT X R WIROS 5
JoR 5 RARBUR R AE B VI G

3.5.2 LncRNA MALAT! T i i 3 45 Af i 76 4 A7)
Rk By F AR R T HTTER B R s ATV A
£ Ah, LncRNA MALAT i v 3 i3 # [] Nrf2 18 15 471
LI RIERIE, FEMTIRS-1/AK TS 5@ H, ATy
JFF IR 5 R HEA P I(ES) o IPEMALAT 1R S /N B A,
Nrf23% 1538, f#Ngol(encoding reduced coenzyme/
quinone oxidoreductase 1)#1 Cat(chloramphenicol re-
sistance gene) % iV EE R R IE B, E PR 1F
1S, DA JH 40 ff v A8 40 S 3805 5 ) 2 1 B Ak i 3
Wb nET AT, 1 EROS TR INK A HIIRS-1
HER & 5 T AKTHERR (b, 75 KRS =Pt 1M
fi BRMALAT 1 Ji A€ 28 i o, INKCR 3 14 52 380 4101

Risa | —————> ATG-7-5 ————> AKT/mTORC2 —| IR

ATG-7/-5: HWEER[1-7/-5; AKT: & B, mTORC2: HINE R/ TS Z A2, IR: JREZHST. |1 F; Risa NI INATG-7/-5115K15, 3

15 AKT/mTORC2M5 5@ i, il Jik & =i

ATG-7/-5: autophagy protein-7/-5; AKT: protein kinase B; mTORC2: mechanistic target of rapamycin compund 2; IR: insulin resistance. |: down-

regulation; down-regulation Risa increased ATG-7/-5 expression, activated the AKT/mTORC?2 signaling pathway, and inhibited insulin resistance.
[El4 LncRNAsEIZ AT B RS N0AR S F
Fig.4 LncRNAs affect insulin resistance by regulating liver autophagy
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MALATI > Nif2

> Ngol/Cat _{ ROS

S ——

INK 4‘ IRS-1/AKT —' IR

Nrf2: W40 IMERFE2 p4SHISEIA F2; Ngol: SRt J5 0 Gk /et S A0 SR Bl 1, SUPRDT- = Bk i it S0l Car: S R PUMEIE; ROS: 4
#%; INK: c-Jun N-3iiiBi; IRS-1: 5 2052 R 1; AKT: 25 FIEEB; IR: [l 8 23 HT. MALATL R INNA2I3IE, (E3ENgo 1/Catif) 31k, 1)
i[ROS; [FIFFMALAT1 I INK R IA, BUEIRS-1/AKTYE 530 %, FilJE & =HHT.

Nrf2: nuclear factor-ery-throid 2 p45-related factor 2; Ngo!l: encoding reduced coenzyme/quinone oxidoreductase 1, also known as DT-thiooctinamide

dehydrogenase; Cat: chloramphenicol resistance gene; ROS: reactive oxygen species; JNK: c-jun N-terminal kinases; IRS-1: insulin receptor substrate

1; AKT: protein kinase B; IR: insulin resistance. Down-regulated MALAT1 increased the expression of N2, promoted the expression of NgoI/Cat, and
inhibited ROS. At the same time, down-regulated MALAT1 inhibited the expression of JNK, activated IRS-1/AKT signaling pathway, and inhibited

insulin resistance.

5 LncRNAsiEITFEATBEROSF MR & Rk
Fig.5 LncRNAs affect insulin resistance by regulating liver ROS

Hl, [ R S R S AIIRS- L RTAK T 1 2 10 5 3%
T, BIBE S 2 SUSHE: BE 0R . X S TR,
MALAT 1 A] 56 38 5 18 775 775 14 4802 Fe AN T 8 42 A g
By 2 UM, 7RI B RICPI R AE R R R E
PEREY,

4 BESRE

JoR I AU R 20 JR 95 4B 1 3L [R) 9
FRAEFRALS] . R R R A S R AR AR
W FIAHMEERSEE, LR RN
HEHRAL, WEFURMA, R R AR S IEEE . R
G TEME. TS 5 IEME. BT EAEE
5 IR 5 R ARPU A VIAE O I AT 7= AR 2 Fh
IncRNAs( #1Blncl, Risa. MALAT1. MEG3. SRA.
Gm10768. H19 1 Gomafu)FRiA i 5l IncRNA( U1
IncSHGL) R I, ‘e AT Ay i 42 B 0 5 A A S5l g
JRBRGTEM JRRAERG S @S B RENE
AR, TS5 I B m L R A S K
X e IncRNAs AT ¥a T7 T JER & 28 HR P T BoR IR
RV FEHE Ao
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