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Progress on glycosylation in metabolic dysfunction-associated fatty liver disease

Yang Junru, He Lingling, Gao Meixin, Wei Hongshan (Department of Gastroenterology,
Beijing Ditan Hospital, Capital Medical University, Beijing 100015, China)

Abstract: Metabolic dysfunction-associated fatty liver disease (MAFLD) is the leading
cause in chronic liver diseases, affecting approximately 1/4 global people. Glycosylation
is one of the most common translational or post-translational modifications of eukaryotic
proteins. Recent studies have reported glycosylation regulated lipid metabolism. However, the
pathogenesis of MAFLD has not been fully elucidated. Here, we review the role of common N-
and O-glycosylation modifications in the pathogenesis of MAFLD.

Key words: Metabolic dysfunction-associated fatty liver disease; Non-alcoholic fatty liver

disease; glycosylation; Hexosamine biosynthesis pathway; Pentose phosphate pathway

AR5 AH < i B 1 % (metabolic dysfunction-
associated fatty liver disease, MAFLD) & 3FiBif5 14 i
JitE T (nonalcoholic fatty liver disease, NAFLD)
A JEWBIR AR, B e O IR AR 5 HE
R MR AR 5 bR B BT o R A 2 SRR R
WEHG W e fR, HAFFE S/ AR E . 11 20 R s BlAX
WHRAIL =82 —, W&EFHAMEFEY. RN
RNV Y TR AT B e A R e e B e | =
M mH M =R E . RS ENREE . RN
BT B RARPUAL NG IR 4E" . MAFLDEL K
24 At G i LN T I e, A ER R R
217925%" . XK FNAFLDHUC I ZE A 1E (metabolic
syndrome, MS) HJAALH], Hr B FEUESE R T,
RERTELZR WL 18 55 Ho A 48 B FENAFLD A%
KIFFEENEH, INAFLDMAEY NN E T RS

DOI: 10.3969/j.issn.1674-7380.2022.04.004
HETH . AL ARFREREE (7202071
JEIRER: #4010 Email: drwei@cemu.edu.cn

REFZEEL. HRFZ N RGN “ 2R &R
AT Y Bl H AT 2R T MAFLDRYZ)
Yo, HARHLE] R 58 42 e B R R 22—

B FEAAS U 2 5 5T AN 22 27 47 40 W IR AR I 2R A o
(JEEAS MW ER REZERBHT ",
FAZ AW 2950% ~T70% £ )5t £E 15 28 H A4 TN 5T
WP A B A . 4 i R T AR 1 R S AL
WM EE DR, GRETRE. K. M.
PR T2 BB AR AB U T S R M A
Jpi (congenital disorders of glycosylation, CDG) .
NAFLDASE R 5 Ja R ARG th kAT 7 ik, HAT
A& PRS2 5RERAC R NIE S IR BACEA <. B
B, ASCRE R By H L FIN-FTO- 4l 5 4k 2 1 42
MAFLD 95 b (15 AL, Repg A b s id 5
M e AAE U R0 g o A A
1 FEEALSIRETIR

BESEAL B U AR (O BE S AL RS B AL T,



iok 3% S VAN T B BRL PR B 15 BSOE OR b R E ME RE 1
AR, AR AR AR AT P R e R SRR R E
AR, Ay R ORI IR O A P i
(endoplasmic reticulum, ER) -&/RIEAIEE N L,
X R AR SN ) B R g AR SRR
HALAL R T AR SRR, F LA N-BE 2
tb, O-FEIEAL, /b ULRA C-HEiFEAL, S-pEFEAL,
B A IS 6 28 v R A5 (1 A g5 H ohag!
WE. EfEsELESEHSEN, IBRNEEL
B, PR RS G, TEAAETIMEEIA
M I AR, A0 2 T e A S W %0 28 A T T B )
A B HME S AN R R AR

Kb 25 Z P A YiE e, L3540 B 26 B A
GO SMRN, KO T WA EAEE: O
B E K 5HAEYEF PRI, NS5k
EEMEFEEE R GERE Y @R
XM GG ILE R CEAR-RE R 8
[ JR S HE CRPE-FEHE) U, XFP A T AR R
MO I . AR AR KRR, R AR AN 4 S
158 2R TR 22 W B AR 2 A R AN 2 45 2 5 1) B 222 [
o, MBI ER b ) AR b R AT S A H A A
S0 PAH ELAE A, AT T 4 B 1) A B A R = AR
e M, FERACE IR AR R, LA
AW AR, T S ST 40 i AT 4 B A 1Y) 2R A s

S Sk - 21

. 40 -2 R A R AR - S AR A AR

A FRERPE—NRX, B (glycation)
EpEFAL (glycosylation) & NAS[E I HE S .
HARKHEL, XARAEBEE 3L (non-enzymatic
glycosylation) Jf&id 5 it 6 76 8 F it B JE AR
EM KRR, LTSS, MEE—RIIA
T3 (R A S A R OB R = R
BEAL 2R W 55 08 O B« AL IR AL L Bl ik ks
FEREAG . SGTT 4. O IME RGN 2 &R
A7 P gt A 5

Tt 50 R IURE HEAGAS 1 OB AE 22 Bl 0 R0 B it
et fE R FEEEAER, WMAFLDPY, Jghe™,
BAE MR B S REERRE . RERAN
&, BT HEREAE A AN iR B T Fe 2
18, "ReS LA R ORI B 5P
It E B RN w Y, BT 2R, OE
M SR B ZE R ARAL, R AT A M DL R AR
KA QFERESS A RILEY G BRI RIS E 4, R
X o R P R S R SR B RS I 25 ), SR B
[ ZH 23 1) AN G L AE AN [R] 25 AT R RS T R A4
T2 P AN R Y L
2 BEEROH FB I PR RS20 As B i

JHF 4 2 BB AR 2 5 0 2 Ak s B I 5 R D7 R AR
WA %, AR D R SEA SRAE T  E A, E

| BEAEERSIET R ERE



EREREAL TR TEE A RIE SR B, S - TR
%W T A% AR A B, 1A A b S i T
OB JGH % WX ZH T AR, />2UDP- 4
BRI ¥ B UDP- 4 %) ¥ 1% BR B ANUDP- 2308, N
B = A0 S I H g ) BB B T R ik R CUDP-7 %)
PEIE TR G 0 T Wl e SR MR 41 2%, UDP-LAMES Y
ORI IE PR R AL 5 % & BE 6- 1 R A U
TR 6- IR RNE, 51 & WL 456 LU 3 OB %
&A% £ UDP-N- Z Bt 4 % fi e (UDP-N-acetyl-D-
glucosamine, UDP-GIcNAc) , B4k 4EaH 1T HEF i 1&
UL R B ER SR i R D T ot 2 1 & Tt i g A
PASI KRR TR G s (M IR I W3 I 478 A 4 o v 7
G HEACUI IR AR Bk A, AT B T 2 o O P e R
W A% BRI EE (nicotinamide adenine dinucleotide
phosphate, NADPH) F15-B %0, Vi 5 L HEBE IR
R FINADPHE lg Wi BR ik Ji7 & BB 6 75 1), 5-T
BRAZ 2 5 L F R FIT 75 O BT . Bbobh, A 6
S BN AR R RS ] e 5 oA 25 A B R
W E H  (sterol regulatory element binding protein
cleavage activating protein, SCAP) , P& H.4 &k
BERBEFHE (insulin-induced gene, Insig) , 7 ¥
T [ B e 45 A (sterol regulatory element-
binding proteins, SREBP) Ff# ¢ HARKL K s ] 4 bl
BRZ AT, I AL K GEfih &% SCAP /SREBPIz i
B RIEAER, B, SCAPAE A &5 (148 %5 K [ v
& A AR SREBP ) i 15 45 Y

2.1 HABEKRMT B ASh —CERAY
S e R CHEEAY A g4 (hexosamine
biosynthesis pathway, HBP) &40 72 IR 2 1
AR, XMAREEAEES TEERE. &
FERR A AT . R RR A PR 1. HB P % /2 4
Mg B O R “RAaE 7 PO HBPIEE AN
R FEEUDP-GleNAcS 5 bl 3 4k 1& 1 i 72
B R EY, WIEO-FEIL AR (O-GleNAc
transferase, OGT) AL T, &g (A AR it A £ O-HE
S, Somign iR i A A sh Y. HBPI# K 6
WL & BUR B R, Hod 2 SREREEAR R, N
PEIERR IR 70 SO, T FL A b A U i F g 1
2 AHBPIEAY" . HBPRI 646 T4 e AR 4 1) 32 22
MRy, QIEEERE. BR. fERAW. A
AR DA GBI UTPHEAT e R A, I HBP 2
A AR LI RS AR B A AT REAR AR
AR EBUNRR ) 7S e gAY - £ AN (i UN A AT
TRRH a1 - B BT U A AR 2 2R R, i
T W AR PR W YR A A1 8 T T A VR R T e A

B ) 20224F F14% S4HH

ficig g e Y, T HBPKE AU A gt S B e
SR RIS, Rk, CRERGR AR A
O-HEHEAAE RGNS F7 A0 g SR A5 B A& LA
2.2 BEB R AR R BERRIKFEEE (pentose
phosphate pathway, PPP) MM [ — Ff 43 i AR 15
&R, Rt gL, FERNEGHRAGRLES
FhERL . an o NE R < H AR 0 AR A R ARt
NADPH; A HRHE . &% H RN S RS-
BEMR X KE . o7 & IR & R & IR 4- TR Ik
BEHE . 20154 H VL R 22 B 58 N B3 K 3 6 - 6
il PR Bl Z % (glucose-6-phosphate dehydrogenase,
G6PD) [JO-iE 1 B-N- Z WL i1k (O-linked
N-acetylglucosamine, O-GlcNAc) gk [ i B2
AR AR A KT, @ PPPIR 4R, GOPDK A
O-GIeNACcHEF: AL Jm it A0 3G In i & gl A, AT {2
A AL BB AR 554, GOPDREE:AL{E
T3 g 200 A% S 384 B A A R ARG, I R e
A AR AW A R A 8 5T 1 T AR 32 A4 P i
FAEKET, 5 AbEAE AL, A0 AR
B A0 SR R A, 40 R IR A R R IE 2 — 2
“Warburg %57, B S A F BB I e A v 32 22
ORI IZAEN R S AR A Y (B nPPPAN
HBP) IR0 A G, 5 O-GleNAckE L 2 7
B AR AL, RS RARGT. AEREATRE IR LA
T SR DR AR U E G P
2.3 AT AE R R X AT T @ T a9 #m
20124, AR G i 78 20 i 208 ik & 3R
5 S RN (forkhead box protein O1,
FOXO1) il O-1% 42 iy pl 2= AL AN PR 2 3 o A8 € 1
KRR EYINE Teb4s &8 H  (carbohydrate
response element-binding protein, ChREBP) (fi§
97 A4 B GBI T R B E M, $RRFOXO 11 75
CHREBP O-# 3 A¥, & — Tl 2 452 -6 26 W ) FH A I o
A BIHLES o I A R R B 1 3 IS B2 O- HE
FACAE R (R R Tz, 2 P R R0 £ 1 T s T ) 2 24
75, ChREBPZ: 55 4 A% R 7 A= itk 5 B i fify 2
DRl ()5 S5 0%, I SENAFLDH IR ML & ik (de
novo lipogenesis, DNL) A%, #fF 574k IE H- 41
J 7 O-GleN Ak A6 A5 & ChREB P 35 X 4 B i A1
i B 2B B IR (1 3 SR 1 2

N-HE ek v DLR 59 B #212  (solute carrier,
SLC) & HBIRIX K53, 5 M il B 0 8 By 3553 0k
1 — 25 22 figh N -0 2 52 G AR )RR 2 K o & R
FLBE-H B ME-NAc 1, X1 — R A
galectinff] BEEE 20 IR AL R, 7 508 6 41 B8 e s AA



2 (glucose transporter, GLUT2) Fl&EEE & A K
—PheE R dn g, AT R SR T B M s By,
JE e ot L JR IR (1) AR AR AE.45 A 1 DU o S U7 %6
BECY, W FUR B EAR AN P, GLUT2 ERpERAL
CSCAE BOHE A% PRI N S 5342 2 1 ) IR A 5 ) B
¥, BIRIEES T GLUT2/ DIRE, 550 IR A5 & 2%
b, HERWiiR B o 7 GLUT2 I aE B e
B -~ U0 % 42 B 1 AR A B AH ELAE FH 5 2 80 0 R
A B,
3ERENBIHAERMERN, FERETSKEH
JH G 07 A8 14 2 R P R BT R % 14 in Bl T
BB TR HIEE IR ITER 1) (fatty
acids, FA) FEEORFEEMIKFFA (g 40RIE 5
60%) « 25% M KR R 15 % % FAM. A
Wi B 2R SE A BLA T Gs DARRAR % B s
M (very low-density lipoprotein, VLDL) [
R, A AT 22 R 0 TR 5T 23 T R H
R AEAEAE R R B A T B B i R
Gl e E I .
3.1 Frafig i 93BG A AR Bl A0 42 1
FerT 512 Py 5 P M. (endoplasmic reticulum
stress, ERS) BUE M2 AR Dyfe . I 107 20 fi A
T\ ¥k 7 SREBP-1E( 3 IR H 8 BEHZ (cyclic
adenosine monophosphate, AMP) J v joiE45 &
FHH (cyclic adenosine monophosphate-responsive
element-binding protein H, CREBH) £k i 1%
WS &R BIEFE I 5T I o 2 o B 2 A4 B 75 1)
2 it IR i [R] - 1 R AR 5| ke H A N-HE B AL e P -
AT R SR, S B G L bt A TR [ P K
=L B R HEEG36 (cluster of differentiation
36, CD36) b e I 20 Mo 2 T A1 -B % UL 2ok A4 411
JEREEA . MR EE . KERIR. 20
R4 e fE 1 (low-density lipoprotein, LDL) FlJE
PR R G LT A0 MR AR 32 A, 1% R 1 Tk AR s A R
S50 ol R R A T R PR S A A R i R
T HAE 7 BT 2 S T 2 P s B
HEAENE, CD36N—MiisEr, EMFERT
RAN-PEIAAEMEY . BrCD364k, JEI1E K2 AR
JBEMARCO I J57 45 1) 8,25 DY A Tl 1) O - 4 = 4k for
M (T189. T219. S326M18329) , N-PEILALERH
[ E V422 4K (macrophage receptor, MARCO)
REMBPREEED ., EEBREHESHEE
5 1 B W 4 IF 4 (non-alcoholic steatohepatitis,
NASH) /NRBA A, FFMARCOFRIEIEI, JE
75 1 B A M L/ M2AR AL e 538 1 TLR4/NF-xB

- g5k - 23

15 5 ¥ IR R W A Bl AR 3 T )OS 2 ARy
(peroxisome proliferator-activated receptor gamma,
PPARYy) FINEME, R TNAFLDH (BT AE 5 A,
MARCOR] 5 3 5 W 40 i 5 UG T, A AR R ] o
I WOE R Ak c-Jun NH2 K 5 ¥4/  (phosphorylated
c-Jun NH2-terminal Kinase, P-JNK) =5 E 1540
Xof FFEm A AR AR s DR, TR Ok
T8 A2 AR B RAL S D RESE M, LT RE S Y 41 i
JIE AR () DS

5 A SR B T 52 i 4 L BE 52 AR 2 5K T 2 il I Joid
AR, AN 2 A R 5 i I 3 I LD 32 A4 3k R [
fIiKLDL, N-FE3EAk{F N LDLAR U ) 5 28 4% (X 1,
DA 24 i 3 T LDL 52 A =F FE R N, - 1,37 %) B8 ik
2 Il A R T 5% 0 R AR 265k = 3 BLDL IR B . 2
#00, LDL&ZAREE [AACFIH ™. (R EREA2Z
AT S0 IR PR S 1 O - i A0 1 5 17 A4 ) AH L
TEA™,

JE 5T AR G A A 0 1 P R 1) — AN T R
SREBPs 2 ERZ: & (R A1, 42 g Jod 5 A S HL
(LR RIL, HE RS R 5SCAPERBOS G,
g HARTEE T A& MER¥E 2 35 /R 24K, 1317 SREBP
R i VI E R B8 S5 0 40 B A% e o I E L R
SREBPstERANE B H RIS R E L, 57— K
PlmicroRNA -29% 54 5:SCAP/SREBPIE B[] 71 )z
TR, A AT B/ FN-FE L SCAPXF SREBP1
RS S R AR AR 2 e EE EPY . CREBHAZ —F
5 0 5 E I s R T, ORI 9 K ILCREBHAZE
NAFLDHJig B AR AN 208 o RS B2 AEH], N-&
P 2 A ) B L 42 1 T 4 5 CREBH ) % S U
Ae, T A A B A G T O 2 e TR
P 7 T AR 22 A AT il - 105 M, 9D IR TR, AT
Pk A i o A

HIF T B0 R 2 I R 4 A 1R 1 2R A 75 T B AT 2%
H ) microRNAE M, FHiE I microRNAHH]H & H
A BESZ BIN-FEILAL A%, AHR, 0] B R R %
BRIZYanttyT 28254, A Re 2 R M miRNA [ 41|
P T LA B B DL F L R 2R & BB R TR i
UL BRI AN JRRL G il I R s, HE
SEE. IRy, 2R, DRI R F AR
WM AL B AR g, FE T A SR
BAMAR 2 E b ™, DUR R IR I8 A i T <
B R B TR — Y B I A S R A ) M o A, HLAE
FAE AT B FAN-FE ALY,
3.2%vh g R 4 e fR ARG

B0 K B cDNA (1) b B 30 077 T s 8] 5 ik



ALEPNBTERIN-FE LA S, ZEA 5 M
HII G D7 B AW AR RE Y, S A RS S
ARSI, 78 NFLIR b 40 i % BLTGFB 13
H1O-PEEA B AL T T MIDFFRE RN A (cell
death-inducing DFFA-like effector A, Cidea) , A] 5]
A CidealfdJii 7 7 FI AT (Ei) DNAJF BUAL R BE
fiX, dIgep T, [FNF; Cideath j2 5 21 HE T
B, S0 G b A AN e A AR BT A0S, E i
N-FESEAL AT SOV BN ()45 G2 2 SR B g S g i e
15 SEBEE A VN2 R IMER, R HM G R
VRl TR R 3 P
3.3 #rafis L 645

20084, W 7L N SR R EAE R N B R I DA
JBRE R B, GalBl. 4GleNAca2. 6-MER
1% 17 7% W A5 (ERNA KT BRI 70% , 5l ENRE
H (#ENREEEMBGEATD) BOREEELEREE, 40
MO T AN TG B B i s s b, kT T R EOPRS M R
W AR MR 20124F, FHIF N G338 Ik 04 46 1% R I
DAL BRI O PO AR A R N - 2T 2 LR e s 72 Bl S A
IR E DIRE, K ZIKGalNACHF2 1 (GalNAc-
Ts) GalNAc-T27EJig FAR A ) EZAE Y. b
Rl A E VRN i s &2 E (apolipoprotein E,
ApoE) KIBNVEEHERAL, LA™, H i
=g (triglycerides, TG) SHiEAM T 4H,
W& 5 VLDLZE & 5 40 Wb 3 AT 40 i 48, 20142
904FAR, BTN R RIS £ TR B 15 3 1 I D T
KBSt M G FHE P 5 DX A oy 7R R A ) 2 1 o A A
T, SN G o WA AE B s, AT REREVLDL
HF 23 b 52451101 . % A6 5 (1 B- 100 (R N-H 34k 5 8%
P e g O 30 32 G R 7R B ] A Qg 25 D) R 5

NASH A F/IN O E 32 30 kG2 K Bl R 8 B
(— PR L i D KB, wIE &
(RIWNTIR 4% 31 b1 25 N A SH (5 387 e F %), 4 fig
H FER 4L Z3RE 5t PR L O- il A0 A% FE AN [ T 5% e
e g &P, i8R & A C-IITE (A HO-FE Sk
BT SECHALCDG R Y, i3 mE AR R
FENG A G AR R O E ], B A ASANE
TEIN-HE S AL £, 520 %o I 2% 0 i 4 # B 1 4
Jf 53306 e FL R AR e A i
4 MAFLDH#EEALIEIHFESRERSSIR, SN

AT
I HE A 5 5 SR IR AT 2 ) 20 PR

DR 8L 38t T R e JR ) R AR, fEERA K LSCAP
B O 7 R 7 AR R 4 AR B e sk R
SREBP, Mg 4 Qs , %/ 8 5 ApoB100[H)

B ) 20224F F14% S4HH

N-FEHEAL R 0] S5 ApoB100 B8, 5] L8 % 5
F PR J5 O 7 3515 J B 3R AL IR B o o R T
R PLIR 55 .2 Hg i 2k g AN ASHZE U] 4] 517,
H RN A R 2R A AE (InT2DMAI s Il &) Y,
Rlt, 25 A WNAFLD @A 45 & 1E 78 JT A 0 388
DRI,

T BRI 1 5 LR E AR TR
FKo 20134F, K HKSHFRN BB F s 2 07 vE
JRE AT, 1 U E K BRI i — e ki A B
i NO-GleNActk, &5 ZMEydfE, WiRE
fEI . =HRBRIG AR . ER@IIPERK-
elF2okli {2 3t PP IR B il B2 A P ) 4 3%, PERKIBE 1]
RO or R 05 B VR B R A LS R Bk
(R E DI RE SR, AT R P 5 D) -5 0 e 7 T 1Y)
LT, AN T R NASHI G BIFR &, Fasfk
N RS (AN TR DR B LR P Y 40
WETZIEA%, TENASHIZEAE A H H 25 ¥ 38k A pE
7, AlkhouriZs PR IENAFLDIR &R, =i fig
PR /N B Fas A 5 0 T 200 Pt 0 T AR A0 ek 386
Ak, NASHEE HAEH A bR A i Fas &g R IA K
B, RS 5NASH R AL R,

5 HEEIE RSB E T A5 FERE X 15

20174 R 2K RIL, RN
i R AL i 1 M) 3 BRI R G B Al i v 4y = AR
EEfaE ik, = SGBSHE I 4 g Fi f 504,
W 55 % DG 5 2 23 - Wb i) R 5 15 1~ C 1/ TNF AR R B
FH (C1q/TNF-related protein, CTRP) K4 i 7
ELA T BE ARG 1 R S 40 ) 3 R R SR 45 i 4k
CTRPsTERE A0 b R EE/E T, BARHATS
BB (1) B B A RS I S A 5 o e oy T AR 2
THAE MRS AN AT, (H 12 500 K B2 i BBk 25
WA A ] BE S2 M CTRP AR H ) ThAE .

6 CDGs5EENXZESHMAFLD

CDG A& LA 5 1 8 (5 0 S A0 b 5 1 st A%
FIG R S B PR U™, LI PR 2 B N A [ 7™ B R
FIVRE R HL 3k J 3 AR 22 & e . B 41HICDG
A 1045, A SHE LG B DK S m b
BT IR RE,  TCRE S AL IS A 5 W] 40 o JiRUR 1
CDGHI T804k K MR BE AL s AL w7

T 55 R 30— e Ji [R] 5 A% 5] 1) W SR A AB 1 R
FOUART M A2 o A A4S Ui AT 3 55 g 2R A AR
W, Tl e R MEN-FEREAL G (CDG-D SR
BRI 5 L £ R G R 45 A E B A (RE
] W2 LA, L e R A AR S 0 3 i ST s ) 7 ol
FTCDGE FEUR G WE AL . T G 28 14 A0



e JEL T fRE o 96 B AT PG 4L 385 SR o S — Tl
REB AL PRI, HXNAFLD A0 ML B A 5
Wi, 4 P X 2R R A S ol 75 114 22 M B
JRE G, XA AC K 1 A7 8 DU R 8 A% SR ——
ATP6AP1. ATP6AP2. TMEMI99FMICCDCI15, #f
TR DA% [ A7 AE ML 2 I N-F1O- Bl 24k 57t
H, o JF o I PR e —— PP A Ul AR P A
JE vt JEL I 7 LR
TRE

Wl B A A U 3 A TR AR A R, Sl ot
MR AR Fels MRS e . shoh, B
U P HBPAIPPPH it m] 52 i il 5L A0 5 Jlig it g 4K
e ¥ HATiE o, BRI EMAFLD AR
Pl R EEAE A, 0 ESCFTRIERS 5 TE R
SARETES BERE A BRI R R . BiRE A L
PN 755, BERUIT LR N 2 AR5k, B
WAL R RE R @42 TR . S ThREdR A 427
gt ARG R T RORE R A PR R SRR
BB, R 5 R AR AL B R B R R R R R
DIESE SRR ARENCE S/ 2 2 4 4= B NEIl e S Py 3
H B A SR S A A 22 57, il R oK AE
GYRRER R ETZH S NEAR M. ME
B A& BHECHE D BT T AN RN, SE AL A2 1 2
MAFLD [ ] BBl 2 H#s T, IMAFLDiG
JT BUEB TR -

EE R

[1] ESLAM M, NEWSOME P N, SARKIN S K, et al. A new definition for
metabolic dysfunction-associated fatty liver disease: An international
expert consensus statement[J]. J Hepatol,2020,73(1):202-209.

[2] BIANCO C, ROMEO S, PETTA S, et al. MAFLD vs NAFLD: Let the
contest begin[J]. Liver Int,2020,40(9): 2079-2081.

[3] YOUNOSSIo Z M, KOENIG A B, ABDELATIF D, et al.
Global epidemiology of nonalcoholic fatty liver disease-Meta-
analytic assessment of prevalence, incidence, and outcomes[J].
Hepatology,2016,64(1): 73-84.

[4] HAAS J T, FRANCQUE S, STAELS B. Pathophysiology and
mechanisms of nonalcoholic fatty liver disease[J]. Annu Rev
Physiol,2016,78:181-205.

[5] TILG H, ADOLPH T E, MOSCHEN A R. Multiple Parallel Hits
Hypothesis in Nonalcoholic Fatty Liver Disease: Revisited After a
Decade[J]. Hepatology,2021,73(2):833-842.

[6] BOSCHER C, DENNIS J W, NABI I R. Glycosylation, galectins and
cellular signaling[J]. Curr Opin Cell Biol,2011,23(4):383-392.

[77 PEARSON A J, GALLAGHER E S. Overview of characterizing
cancer glycans with lectin-based analytical methods[J]. Methods Mol
Bi01,2019,1928:389-408.

[8] WATSON M E, DIEPEVEEN L A, SSTUBBS K A, et al.

Glycosylation-related diagnostic and therapeutic drug target

9]

[10]

(1]

[12]

[13]

[14]

[15]

[1e]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

25

45
Z_:Sl;

markers in hepatocellular carcinoma[J]. J Gastrointestin Liver
Dis,2015,24(3):349-357.

MCDONALD A G, HAYES J M, DAVEY G P. Metabolic flux control
in glycosylation[J]. Curr Opin Struct Biol, 2016,40: 97-103.

ZHANG X, WANG Y. Glycosylation Quality Control by the Golgi
Structure[J]. J Mol Biol,2016,428(16): 3183-3193.

MCCAFFREY K, BRAAKMAN I. Protein quality control at the
endoplasmic reticulum[J]. Essays Biochem, 2016,60(2):227-235.
LIANG D M, LIU J H, WU H, et al. Glycosyltransferases:
mechanisms and applications in natural product development[J]. Chem
Soc Rev,2015,44(22):8350-8374.

JAYAPRAKASH N G, SUROLIA A. Role of glycosylation
in nucleating protein folding and stability[J]. Biochem
1,2017,474(14):2333-2347.

TROMBETTA E S, PARODI A J. Quality control and protein folding
in the secretory pathway[J]. Annu Rev Cell Dev Biol,2003,19:649-
676.

KOPITZ J. Lipid glycosylation: a primer for histochemists and cell
biologists[J]. Histochem Cell Biol,2017147(2):175-198.
HOJA-LUKOWICZ D, PRZYBY1O M, DUDA M, et al. On the trail
of the glycan codes stored in cancer-related cell adhesion proteins[J].
Biochim Biophys Acta Gen Subj,2017,1861(1 Pt A): 3237-3257.
RAMBARUTH N D, DWEK M V. Cell surface glycan-lectin
interactions in tumor metastasis[J]. Acta Histochem, 2011,113(6):591-
600.

BANSODE S B, GACCHE R N. Glycation-induced modification
of tissue-specific ECM proteins: A pathophysiological mechanism
in degenerative diseases[J]. Biochim Biophys Acta Gen
Subj,2019,1863(11): 129411.

THORNALLEY P J, LANGBORG A, MINHAS H S. Formation of
glyoxal, methylglyoxal and 3-deoxyglucosone in the glycation of
proteins by glucose[J]. Biochem J,1999,344 Pt 1(Pt 1):109-116.
KULKARNI M J, KORWAR A M, MARY S, et al. Glycated proteome:
from reaction to intervention[J]. Proteomics Clin Appl,2013,7(1-2):
155-170.

ZHAN Y T, SU H Y, AN W. Glycosyltransferases and non-alcoholic
fatty liver disease[J]. World J Gastroenterol,2016,22(8):2483-2493.
TANIGUCH N, KIZUKA'Y. Glycans and cancer: role of N-glycans in
cancer biomarker, progression and metastasis, and therapeutics[J]. Adv
Cancer Res,2015,126: 11-51.

FREEZE H H, SCHACHTER H, KINOSHITA T. Essentials of
Glycobiology[M]. 2015. Cold Spring Harbor (NY), 569-582.
MAVERAKIS E, KIM K, SHIMODA M, et al. Glycans in the immune
system and The Altered Glycan Theory of Autoimmunity: a critical
review[J]. J Autoimmun,2015,57:1-13.

KRASNOVA L, WONG C H. Exploring human glycosylation for
better therapies[J]. Mol Aspects Med,2016,51: 125-143.
SCHJOLDAGER K T, NARIMATSU Y, JOSHI H J, et al. Global view
of human protein glycosylation pathways and functions[J]. Nat Rev
Mol Cell Biol,2020,21(12):729-749.

ADEVA-ANDANY M M, PEREZ-FELPTE N, FERNANDEZ-
FERNANDEZ C, et al. Liver glucose metabolism in humans[J]. Biosci
Rep,2016,36(6)e00416.

VAN DEN BOOGERT M, RADER D J, et al. New insights into
the role of glycosylation in lipoprotein metabolism[J]. Curr Opin
Lipidol,2017,28(6):502-506.



26

[29]
[30]

(1]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

[47]

R
« LIk -

VASSEUR S, MANIE S N. E R stress and hexosamine pathway during
tumourigenesis: A pas de deux[J]. Semin Cancer Biol,2015,33:34-39.
DENZEL M S, ANTEBI A. Hexosamine pathway and (ER) protein
quality control[J]. Curr Opin Cell Biol,2015, 33:14-18.
CHIARADONNA F, RICCIARDIELLO F, PALORINI R. The
nutrient-sensing hexosamine biosynthetic pathway as the hub of
cancer metabolic rewiring[J]. Cells,2018,7(6):53.

VIGETTI D, VIOLA M, KAROUSOU E, et al. Metabolic control of
hyaluronan synthases[J]. Matrix Biol,2014,35:8-13.

KESER T, GORNIK I, VUCKOVIC F, et al. Increased plasma
N-glycome complexity is associated with higher risk of type 2
diabetes[J]. Diabetologia,2017,60(12):2352-2360.

UHDE K, VAN TOL H, STOUT T, et al. Exposure to elevated glucose
concentrations alters the metabolomic profile of bovine blastocysts[J].
PLoS One,2018,13(6):¢0199310.

RUEGENBERG S, HORN M, PICHLO C, et al. Loss of GFAT-1
feedback regulation activates the hexosamine pathway that modulates
protein homeostasis[J]. Nat Commun,2020,11(1):687.

DONADIO A C, LOBO C, TOSINA M, et al. Antisense
glutaminase inhibition modifies the O-GIcNAc pattern and flux
through the hexosamine pathway in breast cancer cells[J]. J Cell
Biochem,2008,103(3): 800-811.

RAO X, DUAN, MAO W, et al. O-GlcNAcylation of G6PD
promotes the pentose phosphate pathway and tumor growth[J]. Nat
Commun,2015,6:8468.

SANTOS-LASO A, PERUGORRIA M J, BANALES J M.
O-GlcNAcylation: Undesired tripmate but an opportunity for treatment
in NAFLD-HCCIJ]. J Hepatol,2017,67(2): 218-220.
IDO-KITAMURA Y, SASAKI T, KOBAYASHIM, et al.
Hepatic FoxOl integrates glucose utilization and lipid synthesis
through regulation of Chrebp O-glycosylation[J]. PLoS
One,2012,7(10):e47231.

SCHJOLDAGER K T, VESTER-CHRISTENSEN M B, BENNETT
E P, et al. O-glycosylation modulates proprotein convertase activation
of angiopoietin-like protein 3: possible role of polypeptide GalNAc-
transferase-2 in regulation of concentrations of plasma lipids[J]. J Biol
Chem,2010,285(47):36293-36303.

CZUBA L C, HILLGREN K M, SWAAN P W. Post-translational
modifications of transporters[J]. Pharmacol Ther,2018,192:88-99.
MACHADO M V, DIEHL A M. Pathogenesis of Nonalcoholic
Steatohepatitis[J]. Gastroenterology,2016,150(8):1769-1777.
WILLIAM JAMES A, RAVI C, SRINIVASAN M, et al. Crosstalk
between protein N-glycosylation and lipid metabolism in
Saccharomyces cerevisiae[J]. Sci Rep,2019,9(1):14485.

HOLMES R S. Comparative Studies of Vertebrate Platelet
Glycoprotein 4 (CD36)[J]. Biomolecules,2012,2(3): 389-414.

TSAY H J, HUANG Y C, CHEN Y J, et al. Identifying N-linked
glycan moiety and motifs in the cysteine-rich domain critical for
N-glycosylation and intracellular trafficking of SR-AT and MARCO[J].
J Biomed Sci,2016,23:27.

WU H M, NI X X, XUY, et al. Regulation of lipid-induced
macrophage polarization through modulating peroxisome proliferator-
activated receptor-gamma activity affects hepatic lipid metabolism
via a Toll-like receptor 4/NF-kB signaling pathway[J]. J Gastroenterol
Hepatol,2020,35(11):1998-2008.

WANG C, LIU W, YAO L, et al. Hydroxyeicosapentaenoic acids and

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[53]

[56]

[57]

[58]

[59]

[60]

[e1]

[62]

) ) 20224F F14% 4

epoxyeicosatetraenoic acids attenuate early occurrence of nonalcoholic
fatty liver disease[J]. Br J Pharmacol,2017,174(14):2358-2372.

VAN DEN BOOGERT M, LARSEN L E, ALI L, et al. N-Glycosylation
Defects in Humans Lower Low-Density Lipoprotein Cholesterol
Through Increased Low-Density Lipoprotein Receptor Expression[J].
Circulation,2019,140(4):280-292.

WANG S, MAO Y, NARIMATSU Y, et al. Site-specific
O-glycosylation of members of the low-density lipoprotein
receptor superfamily enhances ligand interactions[J]. J Biol
Chem,2018,293(19):7408-7422.

CHENG X, L1J, GUO D. SCAP/SREBPs are Central Players in Lipid
Metabolism and Novel Metabolic Targets in Cancer Therapy[J]. Curr
Top Med Chem,2018,18(6):484-493.

CHENG C, RU P, GENG F, et al. Glucose-Mediated N-glycosylation
of SCAP Is Essential for SREBP-1 Activation and Tumor Growth[J].
Cancer Cell,2015,28(5): 569-581.

ZHANG N, WANG Y, ZHANG J, et al. N-glycosylation of CREBH
improves lipid metabolism and attenuates lipotoxicity in NAFLD
by modulating PPARa and SCD-1[J]. FASEB J,2020,34(11):15338-
15363.

SHI Z, RUVKUN G. The mevalonate pathway regulates microRNA
activity in Caenorhabditis elegans[J]. Proc Natl Acad Sci U S
A,2012,109(12):4568-4573.

KOMAROMY M C, SCHOTZ M C. Cloning of rat hepatic lipase
cDNA: evidence for a lipase gene family[J]. Proc Natl Acad Sci U S
A,1987,84(6):1526-1530.

IWAHANA H, YAKYMOVYCH I, DUBROVSKA A, et al.
Glycoproteome profiling of transforming growth factor-beta
(TGFbeta) signaling: nonglycosylated cell death-inducing DFF-like
effector A inhibits TGFbetal-dependent apoptosis[J]. Proteomics,
2006,6(23):6168-6180.

GROSS D A, SNAPP E L, SILVER D L. Structural insights into
triglyceride storage mediated by fat storage-inducing transmembrane
(FIT) protein 2[J]. PLoS One,2010,5(5):¢10796.

GONG M, CASTILLO L, REDMAN R S, et al. Down-regulation of
liver Galbetal, 4GIcNAc alpha2, 6-sialyltransferase gene by ethanol
significantly correlates with alcoholic steatosis in humans[J]. Metaboli
sm,2008,57(12):1663-1668.

SCHJOLDAGER K T, VAKHRUSHEYV S Y, KONG Y, et al. Probing
isoform-specific functions of polypeptide GalNAc-transferases using
zinc finger nuclease glycoengineered SimpleCells[J]. Proc Natl Acad
Sci U S A,2012,109(25):9893-9898.

HUANG Z H, GU D, MAZZONE T. Oleic acid modulates the post-
translational glycosylation of macrophage ApoE to increase its
secretion[J]. J Biol Chem,2004,279(28):29195-29201.

BARISIONE G, FONTANA L, COTTALASSO D, et al. Changes
in lipoglycoprotein metabolism in toxic fatty liver[J]. Minerva
Gastroenterol Dietol,1993,39(3):101-112.

COTTALASSO D, GAZZO P, DAPINO D, et al. Effect of chronic
ethanol consumption on glycosylation processes in rat liver
microsomes and Golgi apparatus[J]. Alcohol Alcohol,1996,31(1): 51-
59.

TSUNEMITSU M, ISHIKAWA Y, TANIGUCHI T, et al.
Association of N-glycosylation of apolipoprotein B-100 with plasma
cholesterol levels in Watanabe heritable hyperlipidemic rabbits[J].
Atherosclerosis, 1992, 93(3):229-235.



[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71

[72]

(73]

WG, Tk,

TERATANI T, TOMITA K, SUZUKI T, et al. Aortic carboxypeptidase-
like protein, a WNT ligand, exacerbates nonalcoholic steatohepatitis[J].
J Clin Invest,2018,128(4):1581-1596.

LEROY J G. Congenital disorders of N-glycosylation including
diseases associated with O- as well as N-glycosylation defects[J].
Pediatr Res,2006,60(6):643-656.

ALBERSI J J, DAY J R, WOLFBAUER G, et al. Impact of site-
specific N-glycosylation on cellular secretion, activity and specific
activity of the plasma phospholipid transfer protein[J]. Biochim
Biophys Acta,2011, 1814(7):908-911.

SU Q, TSAI J, XU E, et al. Apolipoprotein B100 acts as a molecular
link between lipid-induced endoplasmic reticulum stress and hepatic
insulin resistance[J]. Hepatology,2009,50(1):77-84.

SANYAL A J, CAMPBELL-SARGENT C, MIRSHAHI F, et al.
Nonalcoholic steatohepatitis: association of insulin resistance and
mitochondrial abnormalities. Gastroenterology,2001,120(5):1183-
1192.

PAGANO G, PACINI G, MUSSO G, et al. Nonalcoholic steatohepatitis,
insulin resistance, and metabolic syndrome: further evidence for an
etiologic association[J]. Hepatology,2002,35(2): 367-372.

SANYAL A J. Past, present and future perspectives in nonalcoholic fatty
liver disease[J]. Nat Rev Gastroenterol Hepatol,2019,16(6):377-386.
CAO W, CAO J, HUANG J, et al. Discovery and confirmation of
O-GlcNAcylated proteins in rat liver mitochondria by combination of
mass spectrometry and immunological methods[J]. PLoS One,2013,8(10):
€76399.

BALSA E, SOUSTEK M S, THOMASh A, et al. ER and Nutrient
Stress Promote Assembly of Respiratory Chain Supercomplexes
through the PERK-elF2a Axis[J]. Mol Cell,2019,74(5):877-890.¢6.
HIRSOVA P, GORES G J. Death Receptor-Mediated Cell Death and
Proinflammatory Signaling in Nonalcoholic Steatohepatitis[J]. Cell
Mol Gastroenterol Hepatol,2015,1(1):17-27.

ALKHOURI N, CARTER-KENT C, FELDSTEIN A E. Apoptosis

2022,14(4):20-27.

[74]

[75]

[76]

771

[78]

[79]

[80]

[81]

[82]

in nonalcoholic fatty liver disease: diagnostic and therapeutic
implications[J]. Expert Rev Gastroenterol Hepatol,2011,5(2):201-212.
ATHYROS V G, TZIOMALOS K, KATSIKI N, et al. Cardiovascular
risk across the histological spectrum and the clinical manifestations of
non-alcoholic fatty liver disease: An update[J]. World J Gastroenterol,
2015,21(22):6820-6834.
SELDIN M M, TAN S Y, WONG G W. Metabolic function
of the CTRP family of hormones[J]. Rev Endocr Metab
Disord,2014,15(2):111-123.
SHANAKI M, SHABANI P, GOUDARZIA, et al. The C1q/TNF-
related proteins (CTRPs) in pathogenesis of obesity-related metabolic
disorders: Focus on type 2 diabetes and cardiovascular diseases[J].
Life Sci,2020,256:117913.
JANSEN J C, TIMALi S, VAN SCHERPENZEEL M, et al.
TMEM199 Deficiency Is a Disorder of Golgi Homeostasis
Characterized by Elevated Aminotransferases, Alkaline Phosphatase,
and Cholesterol and Abnormal Glycosylation[J]. Am J Hum
Genet,2016,98(2):322-330.
EKLUND E A, FREEZE H H. The congenital disorders
of glycosylation: a multifaceted group of syndromes[J].
NeuroRx,2006,3(2):254-263.
JAEKEN J, PEANNE R. What is new in CDG[J]. J Inherit Metab
Dis,2017,40(4):569-586.
CANNATA SERIOM, GRAHAM LA, et al. Mutations in the
V-ATPase Assembly Factor VMA21 Cause a Congenital Disorder
of Glycosylation With Autophagic Liver Disease[J]. Hepatology,
2020,72(6):1968-1986.
VOSSELLER K, WELLS L, HART G W. Nucleocytoplasmic
O-glycosylation: O-GIcNAc and functional proteomics[J].
Biochimie,2001,83(7):575-581.
KUSTER B, KROGH T N, MORTZg E, et al. Glycosylation analysis
of gel-separated proteins[J]. Proteomics, 2001,1(2):350-361.

Wk H I 2021-6-26

BER, F.ABEACASA A AR KRG 5 T A P AR R AR A R [J/CD). F B AR R A A (BT R),



