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The role of autophagy in non-alcoholic fat liver disease with type 2 diabetes

CHEN Jia-Yi, XI Yang, BU Shi-Zhong™
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Abstract: As an adaptive immune response occurring under a series of stress states, autophagy is one of the cellular
self-protection mechanisms. Many studies have shown that increased autophagy would degrade liver lipid and
alleviate the disease in early stages of non-alcoholic fat liver disease (NALFD). However in later stages, increased
autophagy exacerbated NALFD development. Insulin resistance may lead NALFD to the diabetes. B-cell
dysfunction and insulin resistance are the two most important pathophysiological mechanisms of type 2 diabetes. A
number of studies confirmed that autophagy increased insulin sensitivity. Meanwhile, autophagy played an
important role in maintaining the structure, mass, and function of pancreatic -cells. This article reviewed the role

of autophagy in NAFLD treatment and non-alcoholic fatty liver disease with diabetes mellitus.
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1 B (autophagy)

W, SRR I A4 MIFE T, i 2 e ok 3 1
A 5 38 0, B Y 400 B 0 O - Ok P i 4 Y
SRR . BRI HAER 7 AT 3 Bl s (1)
E W R Frud i Bk, HAER 7 0 1E B
BSHEFT, MENPERE, QERRERYTG
TR A WAA, 5V B A Rl -G FEAE v B AR Y E AT P i
e ™ @ ME : MRk ED), HE0E
HATHA BB SR s Q) FHEN S A -
FEFRTE ST T 4B 41 HSC70 (heat shock cognate 70 kDa
protein) BN, AR Z A fES . RIT
B [ ER (1 RS PR G NI AR AT AR

VBN — P52 2% I HL 75 2w FE 4% (A AL,
AR BN SRR LA, EEb. 5§
KEZY, (EEHWEAHIERIE T, T BEARE
R B B S2 A AR E AR T, ARG K
B A 2SS B RE B RO IR . AE H WRARTE B 7R
BRI R A RUE R, R A A
SERF R AR IR SRR ST B WM, BE S E R/
PRE NS BRI 5 Hah & 5 Y i E A B A, i
HENMEEERNED, FEiEERIR. 258
S5 He B4 PURE T IR AR5 Hh A 4 i =R R, AT S
B2 0 58 1) B R4 B P s e 1

I W A2 A 4 o A3 1 AR WL 2 —,
AR E RIS, [ERRIaiA 1 4eRs
AL IR DA, 75 AN W R A T i 2k 5 B
AT EE R RS M RIS FRY R . WAL TR I
2 % [ (mammalian target of rapamycin, mTOR)
55 IE R L I B RAE RS . mTOR 2% A5 1R
ATP IR RS2 4%, A& HWR I 051, al4l
AR AL, ERINEER. YHRANERFEE
', mTOR [&] ULK (uncoordinated-51-like kinase) & &
YifiEs, ULK S5 5] 2 ATG13 (autophagy
related gene 13) /5 BEREIR AL, i 2 AN fE 5 ATG1 454,
M REWE R s 5, BHIE ArERE g " k2, %4
20 NS R Bk Z A0 T UUVECIRZAS I, mTOR & 4
ZEFE], ATG13 5 ATGl B 45 &8s Fiiifs S5
g, BT EMKA, BN S Y A e
?I%% [12]0

BTN, 00 E g DU 2 R/F ek AT, —
HALTRIBECIRES, Wwildk. W R, K AR
NGO, BRI — Pl N e 2 e 87 R

WL R, AWEEREAENmYE, AR
7SI R A R SR T, 5l 2 M I R A Bl
HORPIE KR, a0 B R oR R, XA
HELEH R H C L AL, EIAER LR,
H WELE R e R I R R R A TR, W B
R (ATGS 1 ATG7 mif ) KA MR fa, BT 20 peid
G R DB A S B, A iR A i T
XS AT AR TIS, RE B, PR Y
B Jieb R 24 e 2 S R4S B8 22 [ R 9k 2 A 4
gl Py iy HoREE, SRR ",

2 BMEFENAFLDHHIER

5y B3 1E BB NAFLD J5 2 & & BRI R 1
fig W5 AT % (non-alcoholic steatohepatitis, NASH). fig
07 Ve AT dedt, HEEEAG. . IR HERLE
NAFLD () 5C8E K 2,  H W2 A0 B 72, ]
DARE fife 0045 R £ A SR B, DT 5 g 7 11
AR, BEEXS HWREEFCRIRN, B EERIN T
BAEAF AR 1 BRI FINTT, O 2 T TR
B, BWRZS 5, BWRIhEE R WA TR
NAFLD & A: [l E B R Kz — 11,

2.1 HBMEANAFLDEHAN{ER

£ NAFLD [ 55 B, B W vl J i F A 4
JiL P IR (IR ) Sk B A PN T R 2 B AN 2 A IR
A PE. Lin 5 " BFF0RIL, ATGS Je IR B 1 /)
BZE = TR 18 5, I IEw &AL IR & & BTt
5 A 2 R OB0E E RS, AR 2 ) A,
FLE 5 3 U AT Brces . 4R, Zhang 25 U Jdid
YR LR (branched chain amino acid, BCAA) Al
JG 7% (high fat diet, HFD) /N BB A I, AR
BCAA 15 5% J5 € & 3 F#AIX HED 1) % /)N 5 1) 44 5 7]
WS, RN =RE S5, {H BCAA g
BT P0E mTOR Sk 2 I B WA 1E T, 2
51 7 e I I DA AR B 2R AT, BN R A7 A
NAFLD & . B n LLE H,  E k55 f5 P2 A I
PR BE S TR, 4 51 EC R T F KRR S 1 s T
J& IR AR 5 [RIESE, B U P9 A U AR,
W 55 475 1H ] DASE a3 n Fe &5 2 K470 R I Jail i
455 -

JE Wi AE M /& NAFLD H R ISR 2 —, &k
Bt g U 7E Li 45 U B TR, 4B 42 3 1,25(0H),D;
(1,25-dihydroxyvitamin D3) A] fH 1k HFD S &5 fig i
W2 51 kS O IR 5 A2 %k, FAE L& HFD %53 )5
FFA B S, ATG16L1 (autophagy related protein 16
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like protein 1) 1A N F% 5 1M ATG16L1 F.Hif 4% 4 i
HHRIEM Y, £ 1,250H),D, i J7 J& ATGI6LI
ik B, B ATGI6L1 4y 3 [ W 80 7T k55 i
JT AR L AR RE S B, I 1) 3 5 B HFD
SIS (R AR 57 % . Kwanten 45 2% 3 1 Xt A JHF
WEHEAT S A I, TR N HIE b B A G 2
LC3 (microtubule-associated protein 1 light chain 3) %
IR, 2R GE T P62 BE, ARG AR TR
S, LC3 A B 15 N #HZ W H %, P62
Hug. FIRWFFIIERY, BHWEAE NAFLD KEH A
EWILEERER, B VR i e e R B ek
559, MR & AR AR WA M i i R TGV B,
K I EL 5 175 T BRUH- 4T 44k« 4 A WBOE 5,
WAR T A R FE BRAIR, [RS8 SORE S B, 1 B 3
5 [ W5 ) 22 A NAFLD 53R B rp (K 13
2.2 BEEZENAFLDEEIRER

ERIR S 43I 9 Sl s [ WA 8 5 ko P-4 L I v e
fife, OB &, ARG A DI TR B Rk
55 [FFEAF T NAFLD G fs R Jg, aift4r4iie.
AT ELIR 40 (hepatic stellate cells, HSCs) & & 28484
R A TR, #FRE T g, WoE e A

YIS T, SRR R A A A BB ER

S AFHELT 44k, 1 HSCs #3575 5 K & ATPP',
Thoen £ **) FI1 Hernandez-Gea 25 ) & B, 78 U &
T (CCl4) 15 5 18 I 25 44k /N B B WA o0 B2
LC3 RE &M S BT, UL 4EAGE I IE N B R 2
Hohn, A B W ) 3R B 2R AL (bafilomycin
Al Ja, A ERIE 2, X5 3 W/E NALFD &
Wb SR YRR AR S [FIE, ATGT @ BRI/
OE I CCl4. B4R 2 Bk % (thioacetamide, TAA) 75
SR AT PR MR Y O, R A S [ S 4 )
HSCs JiE 6 H A AR FE R IR 2195, Bk n] 0,
HSCs W44 it 5 e 5ok B T 200 A g e B ik, 4
il W B A 2RI HSCs BG4, 3T 982 B 41 4
WA, Hr = 17A (interleukin-17A, IL-17A) & 4
RIE AE IR A g Y. Zhang 5 P WE ST TAA %S 1
/N BT e AR T DL R N BB AL S8 2 R AR
B, IL-17A #0528 i 3% 52 1k STAT3 (signal
transducer and activator of transcription 3) Ji5 i STAT3
GOo ORI, JERNEH A A R R . T
IL-17A ZRIBHHWT I, H WIS R4 oniE,  FFer
YEALAZFE RS o

2k LRk, HWEAE NALFD K& UL LRy
BRI E R RS R B W 9 ae )i IR

TR, IR JORESONL, SRR AR 5 T )5
BrBerh, B 9R A B F HSCs WIBEGE, SlEALT
YEfb. X UMY E W RE K iR T NAFLD 587 5V,
FE I 17 YT BCRE A F B 6 o ) R ST A R
FFET A0 R FF AL B 75 15 0L T ALK B R B =L
i, SR KR I A I R VLB BR S
BUHARRT, FERTET4EA b Beal e A B 40 il 7] i
FEVE AN HSCs (TEALAE . Wi e it 21 4
WAEE MIMTIE 26 TT NAFLD ¥ H (1.

3 BMEAENAFLDAFHHERHHRIER

JiR 5 ZE BT AT REAE /8 NAFLD 8 35 & A0 R
NAFLD & 5 E A 5 RAPT, BRXHRE B4
MU AN K, H 5516 B A RExE s, 30 N H
HIHEG RGN IR P R b R KT BT, RAE
PR PO R ERHR A AR A 3 B R A2 g A AR
F, R RIMPUIRE TS, 05 = A0 2 A5 5
M2 (FFA) B /E DRSS, SECFFA %, 514 B4l
MIDyREFSEAT, TS RBERE . 2RV, H
Wk 7E Dok 55 JBR 5 B AT 4EFFIR S B AN ShH 5 D RE
JiTHEA EEER P,

3.1 BEERSERRPIIER

Jo By AP R S AR RS B (IR, WL
P R 7 L ZUEE ) ] i i 3R A I U BRI 1
FARHER G AR IR ARAE, JiR S R APuE S & FhE
Pz B A 2 AL H] 5 BB RE. NAFLD. B R 95 25 Q15
KPR KA R B VIAH G . AE N/ RS A
HE TR, JEHE ATGT FEJ I 388,
ATGT # 4 5, JEE G5 KA, BN
BTt MR, ATGT7 RISk E JG 3240 1 g 5 = AE
P58, /NI 280 7. KA progranulin
(PGRN) £ 2 5iE 8 &l A IR DA i
VER, & %0 BB AR B & 2 AR B 2R TR
Liu % "% 1| F PGRN 13 J5 & 30 /0N BB iR 5
gl B RREERS, B R T s Y
PGRN {5 M4 LI, AFRE N B, (RIS fBR 5
RIETHEBIBE, HESRBUEE BT Meller % P
TR ) i UL H R A B s 2 g AT R DR R A T R
T BB T B R S AT 2 BURE PR R R ORI,
HWEAHCIE R . B (W1 ATG4. ATGS. LC I %)
HIE®E NEH I B R . Li & P @ s
TR ) I VLA i RE 35 3 R S AR A, IR
A WS BRI R, e ik 0% AMPK (adenosine
5'-monophosphate (AMP)-activated protein kinase) 15
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SIS mTOR 755 H Wt = AR BEIY 4 IR B ¥
HRMR, WE 2R RE TEN. BT
W, TERRSZAEF MRS B A, R0 2 5
By ustE, MR RETEE, FEURS R
Pro BEERMPLS G B MM ThAERERS, iAW
YJUIF B W A R By = AP AR ER, A A
Wik 7F 247 B 2 LT A 75 TR 9 I8 5L A A B 9 8 1 1
3.2 BEX4ERRMMRLE AR INEERIER

NAFLD £ #HG KIS =L, AT S
NEWiRR KT, BB RA TR, SERE
T P 5 K AL T e AR, K51 B i
My ResEE, T B 41T AR B IE F BOR [RIFE B 1 ik
Sy 2B AL (R TR B L ) R 5 R
HEPUAS 2 TME PRI A I 2 AT, S S R AL
M RAREESE 2 B PRIps 208 B e Ja Lt o R i B 4
M 8] 55 e RO KRR N e B 2R 7 W LB 2, 3 B A
SERSZARFNECR D, 2 5] R LR R R ) 2R RO 3
A, SEWUARER &R, ET . AR
N FU MRS A B T 4ERE IR S B AR SS A E &

75 B FR 95 A5 8L /N B (db/db) DA K e I TR 5
CS57BL/6 /NN AR tp R B, ATG7 % M il &
Ja /N ERR IR, B AN R4 A FR R BRI, 40P
TGN, SEUR S B 40 ECE R R S R
TR, W E TR, HAEH B AN T
AR FRAEIR 5 X RE N BRER SR I RE AR £ R TR R
5 paufE g, AFESEFMET, BAWREER RN
B 00 H B P R T B, R R IR S R
I RE A v i fE P2 [ERE, i Bafilomycin A1 &b
G A Egng, SEEESIES ST pAE T
B, 2RO E W RS B 4 B R B 1
RS PERL R ATG7 5= 8 9385 v IR K6 175 5 0 R v
(/N B, AFFFEN SRR A A /N BRUBE 5 S5 M K
BL, ATGT7™ /B i & 8 300 Jik & 2% Bk BA &5/
TR /NEL, LA IR 2R A i i L P Jo DX i I DA
MEURFER AR, BT B R 2 5 R R A
PSS RERR IS, B 40 70 A i B R T e T B% 5
TERPERICLIG R, HWEERMES5E B i
ZENEA P2 MR, FEAERMME P bl
AR PR L S P62 TR B 2 5] i
BANMIThRE Wi, EMEIR KM EZER R, B4l
W AE b IR 15 S N 0% mTOR {5 5@, A
Wi, 5 80E W NARTELN I N HER, 5] SRR R DI RE
Bt s B S, 8 E A RS A, RIS
SR AE AR X RO Sk 55, FE L IR L

AV)—(EIET% [33]c

FOCRT L, 1 W 5 i B R AR DU 44 B 4
JRIER DfE. 7£ NAFLD & 088 R 3 H, NAFLD
B DA TR 5 23R PTT 240 B A0 M T e A2 453 AT 51
FELHE PRI, T AE B B AR DT P e B A A A
T R & 2R BL R0 A P 4% 57 v W 9 RE T 5 52 453 1
BERET, SCERSRIR; FN, E4ER B 40
B LS DL R IRETT T, Wt RE RS 2 AR 1 (14 fR 3
e

4 5B

H W B W EH, 75 NALFD 5.5 3 B,
Wk S8 30 24 o 1) IR e e, s/ Y = R AE ST
T R HERR, IR A SN, A BTG it o AR
TE 6 A5 SR B, 1 W o ) 2 (2 30 PP U 21 4 Ak 1)
RIE, MERERE. XEmRgRin, HEE
4 i Ak I R R B R SR B B ARSI, 7
NAFLD Ja 7 e 2+ HEMAIEH, nk A AR
JN3HT I E AR T NAFLD (13697, H T E
F, TEASR B0 0 H I8 75 B 50 22 R BT 9 5
PRIGIT TT T fE o i i R ARB T2 AR £5 B Ak 1)
AHEAE, JE S W ALHU AT BE IR 1 NAFLD M35 & AR b
PRI . EWRSE 15 S 508 PRI R I 1] BRI LE IE A
A, FUE I N R R O R S R IR B
HPU, 4EFRES B ANThAE, IXTEVF 2 BT 7L
CUEIESE . R 2, TEARRMARIIFE. BRI 55
R LE AR 5T B WSS ) R AT, (H
UM A AT SR AT VR T I 75 B — 2P A A

(& £ X #

[1]  Cohen JC, Horton JD, Hobbs HH. Human fatty liver
disease: old questions and new insights. Science, 2011,
332:1519-23

[2] Yamada T, Fukatsu M, Suzuki S, et al. Fatty liver predicts
impaired fasting glucose and type 2 diabetes mellitus in
Japanese undergoing a health checkup. J Gastroenterol
Hepatol, 2010, 25: 352-6

[31 Choi JH, Rhee EJ, Bae JC, et al. Increased risk of type 2
diabetes in subjects with both elevated liver enzymes and
ultrasonographically diagnosed nonalcoholic fatty liver
disease: a 4-year longitudinal study. Arch Med Res, 2013,
44:115-20

[4] Kasturiratne A, Weerasinghe S, Dassanayake AS, et al.
Influence of non-alcoholic fatty liver disease on the
development of diabetes mellitus. J Gastroenterol Hepatol,
2013, 28: 142-7

[5] Yamazaki H, Tsuboya T, Tsuji K, et al. Independent
association between improvement of nonalcoholic fatty



1160

G gEEd

29%:

[12]

[13]

[14]

[19]

[20]

liver disease and reduced incidence of type 2 diabete.
Diabetes Care, 2015, 38: 1673-9

Anstee QM, Mcpherson S, Day CP. How big a problem is
non-alcoholic fatty liver disease. BMJ, 2011, 343: d3897
Xu Y, Wang L, He J, et al. Prevalence and control of
diabetes in Chinese adults. JAMA, 2013, 310: 948-59
Mizushima N, Levine B, Cuervo A M, et al. Autophagy
fights disease through cellular self-digestion. Nature,
2008, 451: 1069-75

JHENSE. Ay TR 3 I 40 1 WA P LA A L T RE.
A B, 2010, 22: 991-4

Mizushima N. Autophagy: process and function. Genes
Dev, 2007, 21: 2861-73

Jung CH, Jun CB, Ro SH, et al. ULK-Atg13-FIP200
complexes mediate mTOR signaling to the autophagy
machinery. Mol Biol Cell, 2009, 20: 1992-2003

Ma XM, Blenis J. Molecular mechanisms of mTOR-
mediated translational control. Nat Rev Mol Cell Biol,
2009, 10: 307-18

Sharifi MN, Mowers EE, Drake LE, et al. Autophagy
promotes focal adhesion disassembly and cell motility of
metastatic tumor cells through the direct interaction of
iaxillin with LC3. Cell Rep, 2016, 15: 1660-72

Lin CW, Zhang H, Li M, et al. Pharmacological promotion
of autophagy alleviates steatosis and injury in alcoholic
and non-alcoholic fatty liver conditions in mice. J Hepatol,
2013, 58: 993-9

Mk, B, PRI, 25, Calpain 2175 @ WA 2L A
ATGT W ZISTE AR RS AR i P A A E . 28 =
[ K2 244], 2011, 33: 2162-5

LiR, Guo E, Yang J, et al. 1,25(OH), D, attenuates hepatic
steatosis by inducing autophagy in mice. Obesity: Silver
Spring, 2017, 25: 561-71

Valenti L, Fracanzani AL, Fargion S. The immunopathogenesis
of alcoholic and nonalcoholic steatohepatitis: two triggers
for one disease? Semin Immunopathol, 2009, 31: 359-69
Zhang F, Zhao S, Yan W, et al. Branched chain amino
acids cause liver injury in obese/diabetic mice by
promoting adipocyte lipolysis and inhibiting hepatic
autophagy. EBioMed, 2016, 13: 157-67

Saitoh T, Fujita N, Jang MH, et al. Loss of the autophagy
protein Atgl6L1 enhances endotoxin-induced IL-1f
production. Nature, 2008, 456: 264-8

Kwanten WJ, Martinet W, Michielsen PP, et al. Role of
autophagy in the pathophysiology of nonalcoholic fatty
liver disease: a controversial issue. World J Gastroenterol,
2014, 20: 7325-38

(21]

[22]

(23]

[26]

[27]

[32]

[33]

Blaner WS, O'byrne SM, Wongsiriroj N, et al. Hepatic
stellate cell lipid droplets: a specialized lipid droplet for
retinoid storage. Biochim Biophys Acta, 2009, 1791: 67-
73

Thoen LF, Guimaraes EL, Dolle L, et al. A role for
autophagy during hepatic stellate cell activation. J
Hepatol, 2011, 55: 13531360

Hernandez-Gea V, Ghiassi-Nejad Z, Rozenfeld R, et al.
Autophagy releases lipid that promotes fibrogenesis by
activated hepatic stellate cells in mice and in human
tissue. Gastroenterology, 2012, 142: 938-46

Mi S, Li Z, Yang HZ, et al. Blocking IL-17A promotes the
resolution of pulmonary inflammation and fibrosis via
TGF-B1-dependent and -independent mechanisms. J
Immunol, 2011, 187: 3003-14

Zhang XW, Mi S, Li Z, et al. Antagonism of Interleukin-
17A ameliorates experimental hepatic fibrosis by restoring
the IL-10/STAT3-suppressed autophagy in hepatocytes.
Oncotarget, 2017, 8: 9922-34

Camporez JP, Asrih M, Zhang D, et al. Hepatic insulin
resistance and increased hepatic glucose production in
mice lacking Fgf21. J Endocrinol, 2015, 226: 207-17
Yang L, Li P, Fu S, et al. Defective hepatic autophagy in
obesity promotes ER stress and causes insulin resistance.
Cell Metab, 2010, 11: 467-78

Liu J, Li H, Zhou B, et al. PGRN induces impaired insulin
sensitivity and defective autophagy in hepatic insulin
resistance.Mol Endocrinol,2015, 29: 528-41

Jung HS, Chung KW, Won Kim J, et al. Loss of autophagy
diminishes pancreatic beta cell mass and function with
resultant hyperglycemia. Cell Metab, 2008, 8: 318-24
Ebato C, Uchida T, Arakawa M, et al. Autophagy is
important in islet homeostasis and compensatory increase
of B cell mass in response to high-fat diet. Cell Metab,
2008, 8: 325-32

Moller AB, Kampmann U, Hedegaard J, et al. Altered
gene expression and repressed markers of autophagy in
skeletal muscle of insulin resistant patients with type 2
diabetes. Sci Rep, 2017, 7: 43775

Li H, Liu S, Yuan H, et al. Sestrin 2 induces autophagy
and attenuates insulin resistance by regulating AMPK
signaling in C2C12 myotubes. Exp Cell Res, 2017, 354:
18-24

Mir SU, George NM, Zahoor L, et al. Inhibition of
autophagic turnover in f3-cells by fatty acids and glucose
leads to apoptotic cell death. J Biol Chem, 2015, 290:
6071-85



