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FUTS {97310l S84 [ 2%, kiR A ST HAE
JHF U A A S 4 5 S BILRZS b i) 2 E D e S AL
i, e A AR ICRI2 I . 1 K
T AL AP AN FHEE AL, 2 T JRe B A ] 12308 B T
RUETT RISV S ST R, fwa, BRI
T PR S AR TT I, LAIYIMAE FUTS ., CF
7 A A W e B A D A T 12 S ) B
HE 5 R SRR G R HEZ AR PO A

1 #laEEE N SFUTSH & T2

1.1 B EREENNE XS £y

B AL R 4R LA W (L-fucose, Fuc)
Wt al,2-. al,3-, al,4-5 al,6-H 1T 8% H: 2 HEEE
FEE A B BT MRS AN, A
WEIEAL AT 43 oK v SRR AL 5 CF: AT 48 Fuce
AT RS T A S, J5 5 WS Fue LL al,6-9%
PR A 42 2 N-SRWE FOBAZ O e 2 1 N- S T
Bl (N-acetylglucosamine, GIcNAc) 4%FE, A%
FEDIZH G 13 Fh s et B A il ) TEZE A 5 D he
EAFEMIEG > T, R AL FUTS A48 i1k CF Ry BE
Ji (51

i T FUTS 24k CF 1 ME— g, X fdi Hpg
— R A . R BE R L R . AH Y

Table 1 Substrate specificity and catalytic linkages of the

human fucosyltransferase family

®1 ANREEHERBBIEANEELRNSES

AT
B N-/O-glycan EHT ZE R
et
FUTI N-/O-glycan al,2 [7]
FUT2 N-/O-glycan al,2 [8]
FUT3 N-/O-glycan al,3/4 (9]
FUT4 N-/O-glycan al,3 [10]
FUT5 N-/O-glycan al,3/4 [11]
FUT6 N-glycan al,3/4 [12]
FUT7 N-glycan al,3 [13]
FUTS N-glycan al,6 [14-15]
FUT9 N-/O-glycan al,3 [16]
FUTI10 O-glycan Ser/Thr-O [17]
FUTI11 O-glycan Ser/Thr-O [17]
POFUTI1 O-glycan Ser/Thr-O [15]
POFUT2 O-glycan Ser/Thr-O [15]

FUT: ‘&% BEILE 40 (fucosyltransferase) ; POFUT: 7 4 it
O-A WML R B (protein O-fucosyltransferase) .

Fut8/INER P EGFR | i/ 5 A 4 R 32 4 e
AL K7 BL 3ZK  (transforming growth factor-pl,
TGF-B1) S CHHE 5 T DIBe AT, R H
PRI ART AR | A AR T R S i e
AR s TR EIE T FUT8 4319 CF 7EM L 8))
Yk E S5aERAYER b AT B
1.2 GDP-FucfHEM R HEMBERHREHE

0 5 B T A 3 S0 R R - v b
(guanosine diphosphate fucose, GDP-Fuc) 7] i i
PSR AR A L — 2 ML &R, B GDP-
H#&bi-4,6-i /K (GDP-mannose 4,6-dehydratase,
GMDS) il GDP-L-7 %8 &5 8 8% (GDP-L-fucose
synthase, GFUS) ffk; “JEAMICHEGRRE, i
Ui B0 W 20 A U R0 - - IR S
B L IR AL S5 TE A . Norton 55 ' 3L T i
F R H K% (The Cancer Genome Atlas, TCGA)
BOYE FE o A & B, FE I 4H i (hepatocellular
carcinoma, HCC) %, GMDS 5 TSTA3 & LEBEFE A
P50y 3, H mRNA FIER 1 B3k 7K1 i 2 T
5, 5175 GDP-Fue ¥ B S B (R K% 00 i B 1k
IS IEAOC, $2 7 I8 41 Al 38 52 14 5% GDP-Fuc
BEETT, A SRR AR A S
1.3 FUTSHIZEHHFAES LI H

FUT8 J& T B BUMH L R4 (GT-B fold glycos-
yltransferase, GT-B) Fj%, H =4E45H) 605 N v
EEREIEE . R 2R X A C oAb 25 A a1, A
gER oy AT W, HA AR 0480T [E] B U] GDP-Fuc
(1 55 BERS 2R 5 N-JRBi % 0 GleNAc, JERL “ XU
ey 5. FUTS XYM BA w L —HE,
11 Asp302 F1 Glu189 Xl i 1 2 CHE 22, D302A 5
E189A 5 78 W] 5¢ 42 1H Bk L e £% g 1%k . b4t
Tomida 55 ' KB, FEWEIEELREME (EC 2.4.1.119)
BEY TR /L R i i A R I
(ribophorin I/dolichyl-diphosphooligosaccharide-protein
glycosyltransferase subunit, RPN1/DDOST) V. %EnA]
S FUTS BYZEIXAREAE, Bl HE A T s R B
IR % (cis-Golgi network, CGN), Ff-5ZmaH X}
AT N-SRE I A IR PR 4
1.4 FUTSRIZHIZ BRI ML

FUTS M5 sk SR IRZ B Z R . KA 41
WA, G e S5 S, e REE T
Z ARG RNA, 1M 75 22 A 4 2 o) B R 21
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RSP EIERZOAER HETIIE B “HOTAIR-Janus I i 1551 5 i 55

141 5SS RN T

TG S M2, Wnt/p-BEFE 1 (B-catenin)
LB T A O FUTS 5 5% ;. Lee 55 0 i Y (4 )5t
B fE DU E M P (chromatin immunoprecipitation-
sequencing, ChIP-seq) %% th FUTS Ji ¥ X 3 A
TEPIA D REME T 40 it /i LR s X1 (T-cell
factor/lymphoid enhancer factor, TCF/LEF) %5& 1
A BERER O S 4 55 B 41K LR 9 (B-cell
lymphoma 9, BCL9) IJ¥i&&E &, fii FUTS %%
SR B 3~5 4% . S, 9 A T ps3 Wik
HERE FUTS ik . Okagawa 55 'V i, Bf/E
R p53 [ 454 FUTS JA 8l 220 bp X35k, gl & A
£ AL (histone deacetylase, HDAC) #i4i]5]
i 3G 9 p53 By S MR B, IE— 2D SR A RS
FUTS WY s Wm0, A4 Tt Fue #&4ii fig BT 4
TEH R M S MR L3 (alpha-fetoprotein-L3, AFP-
L3) B HCC 40 i s . ek, Bz ik
e X 21K (farnesoid X receptor, FXR) Jz H:
P [R14 ] R /N5 T AR AR (small heterodimer
partner, SHP) 4 Jit i A I 45 5 L[] 12 52
Fut8 ¥ 5% . Mathur 55 2 B3, FFWE4E S5 Faor-
Shp Ak /N LA Fur8 mRNA .3 F#, CF/KF
B2 245, AL Golgi 25 M ZEFL A HE M .
NIRRT S, SR AL Z I S 2 S
FUT8 RikJa# ., BRibz b, Pan > fR5E RN,
AR BT R 7 (hepatitis C virus, HCV) . 7K
R ARE Y TSEa R A LTS Blibu s M N o S
T4 EGFR-ZE F4E# B (protein kinase B, AKT)
{55 18 %, 0 8 4% Snail [7] I & % %N 1
(Snail homolog 1, SNAIl) ik, WZ&i%ET FUTS
s R RAZ O A ST o 3k TR s 2R
Qerl Ve — KRR NG S, HHES S FUTS R
WL
142 AF4iSRNA

TEAE i 1% RNA 20, —Fh K 4E TR 2 5 RNA
——HOX ¥ 5% X L RNA (HOX transcript antisense
RNA, HOTAIR) HLUESE Al gt FUT8 ik . Guo
S5 2 R L, HOTAIR W47 55 4 8 11 & Tt e 76 il
p300- 15 5 %% 3 5 % 5% ¥ 1% B F 3 (histone
acetyltransferase p300-signal transducer and activator
of transcription 3, p300-STAT3) #4%&E &5W, A
S FUTS SR T (Mucin 1, MUCI) 5%,

P 3% [ -7 3 (Janus kinase 1/signal transducer and
activator of transcription 3, JAKI/STAT3) -FUTS-
AR 7C 45 1 90 (heat shock protein 90, Hsp90)/
MUCI-STAT3” IE 530k, (2t HCC MR
I Ah . IncRNA R ELHE 58 T 455 1 7 1 )2 L RNAL
(lymphoid enhancer-binding factor 1 antisense RNA 1,
LEFI-AS1) figid i 1 55 IR & & H Ik & A 1
(mixed-lineage leukemia 1, MLL1) & &%) £k
Azl 71X, 7S48 H H3 55 4 00 2R — 15
fb & 1 (trimethylated lysine 4 on histone H3,
H3Kdme3), MIfiiHHRINESE FUTS R =

M, ZARNA AT i FUTS. B3R
B, miR-122. miR-34a. miR-26a % miR-146a BEH
W] FUTS 1) 3'4F # 3% X (3" untranslated region,
3UTR) X, P mRNA e b, A
HCC 40 il i) 10 BB K b B - 18] e Ak
(epithelial-mesenchymal transition, EMT) & &z
RN FE R ) 27, A, (A A,
Chen %™ f B W B & Jm
cholangiocarcinoma, ICC) H /& ¥, miR-122-5p 1]
B ) 40 ) FUTS 2R 35, F 00 H 55 ) I 45
(intrahepatic cholangiocarcinoma, iCCA) ZHAE A3
FHSIERRE ), JHIESE FUTS 38 i 0 B AR mE L
314 (phosphatidylinositol 3-kinase, PI3K) /AKT
PR SE IR E S . $27R miR-122-FUTS Sl /e JIFIH
il b B B Iz TR

7N, TR, i FUTS FEP ™
IR RNA cireFUTS TE 15 L 40 A 7] Wi B AZ 41
Mo #EhRas B, IRl ES SRR R K
¥ 2 mRNA 5458 H 2 (insulin-like growth factor
2 mRNA-binding protein 2, IGF2BP2) & [, DA
mOA A 7 R E 20 SRS A A
(Tensin 1, TNSI) B mRNA, i fiof L5 &
RE . g ST MR, R /MR
(AL o X AIE 78 T FUTS FE PR B8 78 5 5 A
mRNA Z 7k, FIRR RNA 729 78 A7 ol s H OG5
AR DRE, o PR AR IR 2 A RNA 78 B 40
o3 A5 /N A AR SR B ORG A0 9 4 R 2% B R TR
A2

NG R FUTS 845 0 28 B AR5 (0 B
RS, ARSCR I FELHEC A R 2,

(intrahepatic
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Table 2 Multilevel regulatory network of FUT8 expression and its significance in liver diseases
F2 FUTSRIEMZEREIEMLE R EEFRERPHEX
WiEER VR YEF 75 20 XFFUTSI R EXUE IS 9 225 R
S Wnt/B-cateniniB i 45 & FUTS J8 2 7 TCF/  LIWFUTSHE3 (3~5(%) Rt Mg ock [20]
LEFf7 i
L2l O ps3 (EpAERD  SEAFUTSJH 211220 bp  _LIFUTS 5 HDACHI #7588 58 2. Btk $#T+E  [21]
X 42k FERE AR 5 R S
BSEBGE HOTAIR (IncRNA) 8%Ep300-STAT3E &4 [FZB#GHFUTS 5MUCT T A 36 1F I R % [24]
FKAEE  IncRNA LEFI-AS] {BZEMLLIE &) 5 $H3K4me3, H{pfest YA SRFUTSRIE [25]
T SR A miR-122-5p L FUTS 3'UTR IHIFUT8F L TERF PR TP HIPIBK/AK T @S [28]
RRNATHBE circFUTS 45 4 IGF2BP2, & & ML TFUTS mRNARIRAS (2t EA%4N I b 5 /MR A ik [29]
TNSI mRNA

FUTS: AWML 8 (fucosyltransferase 8) ; HDAC: ZH# 2 Z b (histone deacetylase) ; HOTAIR: HOX#% 5% X RNA
(HOX transcript antisense RNA); IncRNA: KE5{E4SRNA (long non-coding RNA); p300-STAT3: 341# H LB R Ep300-15 5454 55
% AT (histone acetyltransferase p300-signal transducer and activator of transcription 3); MUC1: %1 (Mucin 1); LEF1-AS1:
58 F45 A T F 1 XRNA1 (lymphoid enhancer-binding factor 1 antisense RNA 1); MLL1: {R& R MK EF1 (mixed-lineage leuke-
mia 1); H3K4me3: 4 FHH3EANHZE R —H 21k (trimethylated lysine 4 on histone H3); 3'UTR: 3'JE#Hi%IX (3' untranslated region) ;
PI3K/AKT: BEJGTEIUE3 /4 F1LAEB (phosphatidylinositol 3-kinase/protein kinase B); IGF2BP2: Jili!% ZAEA: K A F2mRNAZE &4 142

(insulin-like growth factor 2 mRNA-binding protein 2); TNS1: &1 (Tensin 1); mRNA: {FHIAZHI#ZER (messenger RNA),

2 ZlETEMETERTAE A R IhRE

FUTS 1194 BRI AE Fur8 /N AL 45 5]
FEATIAIE : 120N U AR I B B A KGR i S il
SUERINAE , 3 d MAET A EA 70% L T,
FEARBH K- EDUE T CF Xt 4EF5 LA AR 285 A 4 iy B
Bk, HARBIFNE, HAERDRE FEARIAELL T L
AT
21 HBESEKATZHES

TE I A BRASS G5 S Ah e AR e R v
R T ZEETRRBN SRR CEE,
FUT8 431 CF TR SR i R A, 2k KA
T RIFIE T W) DR 43 FIF K. Wang 55 20 )
FHES I3 IR RS 2, FUTS 16 PELE -
W R TR, Fue8 A/ N LRI VTR IS AR
AR, FER L EGFR 5P A KN 752
1A (hepatocyte growth factor receptor, HGFR) H
BERR bz, A M XS 3R A K I (epidermal
EGF) 5 iF 40 e 4 Kk W+
(hepatocyte growth factor, HGF) Il i) 18 5 Jsz Jj
55 o 25T Fuc i n] a8 i Ah Rk 4234 i GDP-Fuce &
B, T HROF A TR o TSRO
RREARKHEFZIEGES . 4eR AR 1L
Bt AHSCHLH UL 1a,

growth factor,

22 EEMREZEAEETHHNEESX

B2 5K 24850, FUTS FEFIE
i 55 R AR Y A3 A R AR B YD AH OC o Kubota
S BUER R, FEARYE R, 2RSS e
FE (ol -PURE R . 456 3RE A ol -FR M
) I N-RE R A B AR S i,
I T IHAE M B RR R . RS FUTS 1Y
YERT, WS R Fue8™ /NS R 8. X S 2R
FIFEART R ) =F B S REAIG, e RSN B

N SRl At — 20 s HAE T2 AR P 0 6 e A

PRAR PR RTINS X A R R T A A B
FAREIRSER, FUT8 A 319 CF il BEZ SR
PEVEER ) RS ) s sl 7 . AR AR FDIRE
T, iz B TR B AR IR A R gerh
(R TE 5 HEME s AR A M A5 A s D g SR (dn
HCC), X—frfiekAZENL, SEARN EZ N
PRAENR YT i) e e B A AR P Tk ARG A8 o
FASRHLH ILIE b,
23 BERASREERERE

Kamada %5 ™ 7E K AL A0 & B, Bk
Fut8 FEUAZ A B, D5 108 1 5
MiE R E 2 9 (proprotein convertase subtilisin/kexin
type 9, PCSK9) ik, #Emife#H L& EIgE A2
& (low density lipoprotein receptor, LDLR) F#fi#,
IG5 B IR AR B U B L 240 G A I ] stk ~F- e
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2165

fiX o Furs k2% A0 M A N I 40 &% 7 Lo
(hepatocyte nuclear factor 1o, HNFla) KiEflH,
YK 3 PCSK9 e st b o DL, KM &R Gtk 4
FUTS 1] fi 38 1 PCSK9-LDLR %l 5% i AT JIH [ B A%
o AHSCHLH WA 1.
24 RESRBEHEKETL (IGF-1) 55
Vanhooren 55 ' g3, /)y Bl g & 2 A P M
N-WEEETE A B AR AL, i 3 B A UK 4L
N-## (core fucosylated biantennary, NA2F) %% #4
Bifi A7 04 9 0 i Ty, 7E Klotho i 58 134 i IR i 45
BRI Fue8 3635 5 I IE A BapE S AL KT 5 i
S R4 KB F 15214k (insulin-like growth
factor 1 receptor, IGF-1R) 157 S 8USMEM . %
588278, FUT8 1 T M A% 0 5 B 7T g 2o o 47
IGF-1 18 %2 5 JIFIE S 4 B g A G R AL . 25 B

@
Hash
G en
00
EGFR HGFR
<mm%ﬁ%gw>
~ foar) ()| ersioaan) |
(c) HNF 1otz N &
(FUTS#k 2K S0
%fﬁ/'
HNFla
LDL#EH B
- G 4 5

7

LDLR [fi#

LDL

i, CFAERFAE I G — A 2R AR M (.
B DG A K SRR, B
A S AR R ) B R
F& S R/ NE I B, HERE IR 2 AL AR
A 83 YE Y PCSKO-LDLR #l1, 2 5 77k JIH [#] fist
R ; 5 1IGF-1 S5 Sl A EAER, 3t
] 52 M T ) o R R . ISR TREER i T FUTS
A1 CF 24k 2 T A= BERR A5 10— N0 3R
HIRE I 5 Z R0 B (1) & A2 R SR UIAR G
— B, WA RES: 5 Z2 BB o BLE R
AHICHLHI LA 1d.

ZE I, FUT8S A4 CF il 45 Lk 22 4k
W, TR FRRR S YR b R IEE AT AR
CAER

(b)

JE/NE

(d) o
| — FUTSK AR 0
SASOR l

I FIGF- 1820 5 5 HE Ak

l

IGF-IRfE 51 —1  FOXOWEME  —» zrzpptgem

' IGF-1

Fig. 1 Physiological functions of core fucosylation catalyzed by FUTS in liver

Bl FUTSH SRR EE L TERTRE A I A Th e
(a) Bl BB MEGFR/HGEFR, 0% T IFMAPK{R 5@, MEBEITFAA:; (b) /~FHp. ALAT, AGPAFRMEMEE 1w /N
PEAYE; (¢) Mg T HNF Lo PCSK9 LDLRASE M A [E B, FUTSBde S ELDLI B> FZn i o I [E B R B (d) JHEEIGF-1R1E 5
g, S5 EMKEEM, EGFR: R AKKFZIK (epidermal growth factor receptor) ; HGFR: HF4H 4= K A F3Z /K (hepatocyte
growth factor receptor) ; AI1AT: ol-B 5 (A (al-antitrypsin) ; Hp: %5 & ER#E (1 (haptoglobin) ; AGP: al-FR PEME & 1 (al-acid
glycoprotein) ; HNFla: HF40MEA% N F1a (hepatocyte nuclear factor 1) ; LDLR: X% &I 21K (low density lipoprotein receptor) ;
LDL: K% ENREE 1 (low density lipoprotein); IGF-1: B ZFEA 4K HF1 (insulin-like growth factor 1); IGF-1R: JES ZAEAEK T 152
& (insulin-like growth factor 1 receptor) ; MAPK: #2%4Jlif b (1 (mitogen-activated protein kinase) ; FUTS: *A it 3L 45 F2 fifi
(fucosyltransferase 8) ; FOXO: M LHEFE 1O (forkhead box class O protein) ; PCSK9: il (4L HliAh 5% M %9 (proprotein convertase
subtilisin/kexin type 9) o
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3 b ERVETER BT P HER

CF il 11 22 J22 U1 I 265 A6 IR 45 AL k] 3K 50 T D fiek
JOGHETERE . WL A OGE B A K N T2 ik S
BB EIBUE S T, AR A
RO T IOREIEAS Okt , I D[] 1 e od
AL TE | 1RE IR SZ RE S, 7EHCC Y%
AR R AR BREIER .

31 BOEEEENIRG AT T 44 5EBERR
Bl

Kuang 25 ™ 038, 76 T2 4k /N BB NSk
A, FUTS mRNA 5800 5 BEWE K 738 35 T 55
IF SRR B 2 IEAHOC . TGF-B1AEIARSNAT -3
JF AR AN P () FUTS 38 B A% 0o Bt K-, 5
FUTS () _E 38 S k] TGF-B1i7 S A0 AT 2R 4i i
(hepatic stellate cell, HSC) ML fiEH# , W
SRR AL s S G . Rk, FUTS 7EHF£F 4
A S A 0 G SRk SR AR A it JE 1Y)
bR, THA: W F ) e W B il ik B TG A i 2T 2 Ak
RN, IR FECRAP VR . X Rk LI AERE )
BRI AR, IE 2 — S BURL A S A5t [l

Wang % ) KB, FEIREVEIFEF 4EAb o 1A g K
TRAMERI T, 8BS RE WS UG T RE . IR DL
P e IR, [R) Ast 410 i) HSC 6 Ak K e SR T AR .
ZH YIRS R, WEEER 455 JAKL,
0 JAK/STAT3 {5 %5, Ml F 8 FUTS 2 ik K&
TGF-BI B4 52 14 . 0% R 2 IR IE 5 (activin
receptor-like kinase 5, ALKS) fJCF, FH¥ TGF-p/
Smad 38 [ . Z AT A SR = Wl T A O
MR MG RS YR £F Ak, B —2 Al
32 b EENEELIRBh AT BEB R B AL

CF R & A & R SCHEIR S K . FUTSE
SZAB A — A, A R AR K T a2 AR
o RERGAE i AF R R MR R 254, s FLRR e 1
BORES & 1 B A5 5, dEmifEdE R e | 1248
FEN- e kiR, A NFRIRRHE . 55010
AR PME . pE ko KR M4 S AT, b
FUTS 7E i v i BB -

3.2.1 FUTSYEHCCH ik T Kl R X

HEAE O Cheng %5 77 il 2 412 Sl 4 2%
W4 & B, HCC 441 () FUTS ik & CF Y
N-REFEH B ETE, SRR, REMHE
B RTJGA B EA N . FUTS 26 s 2210
FER I o TSR Z, S N-RAE .0 A

W BE I Al - 43 B = K 28 N (core fucosylated
bisecting triantennary, NA3Fb) K3 EARfb 43—
P, Norton 25 ' $8 H, FUTS } GDP-Fuc & i\,
AFEFE R A B A 2 B HCC R IR 38 b 0
FEERET R E LR Z
3.2.2 FUTSHESEMI AN e . =28 515 501k

TSR 2, Wang 25 7 i, 16 23k
Wi BeoR B % (diethylnitrosamine/
phenobarbital, DEN/PB) i T ) JIT J& /) B
Fut8™" F Fut8” /N IEN FUTS ik i 2 L, JIF
RIEMZE . @I tssyy, M2, Fus /MR
IR R A LT e il X —4587E N TR SR
BRI AR 3 T 2P0k . W9 AN BUf FUTS
S DR A 18 A 92 40 B Hep G2 Bz R 1 5 2 AR AIE ik
H PR /55 0E BE 5 f2 B2 B 3 (non-obese diabetic/
severe combined immunodeficiency, NOD/SCID)
ANEURY, 25BN, XEIoE ek T RN IR
WY BERE ST, [RI, 6R2E FUTS B9 40X EGF il
HGF [ 225 50 B s . XK, FUT8 /v
() EGFR/HGFR 1Y CF J& 4t 45 I ik AE FRAS S S A it
FFAA LR, (B B R, (5
I R . IZFSEIESE, FUTS (Y 54 = 3R
BrANS 50 £ NI PSR G N (SRR il a4 51 R e
JOBETEAT T 5, SO Bh A A A

e, AL SR s T FUTS AR i 1)
HELURHLH] . Cheng % 7' Guo %% ™ LB, 1ELH
HCC i &, FUTS &t KiLuefe kg sE . AN
1228, M, RNA THBRER FUTS IR O
BEOREOK O, d R &8 H (matrix
metalloproteinase, MMP) &, 55 EMT A ¢k
R, WENISS AR IR R, T
HGF i 0 EMT it 2, FUTS BEFE MR 3 iR 52
&1 (folate receptor 1, FOLR1) N-HH#E %0
ML, EAERNE, XM B
AR, BRI RN ERE T IR R
72, I FUTS [ Bk ¢ 7] 3% 5% EMT 45 & I BH W7
FOLR1 Hfigiffk

GO/ BRI {F s AR E , FUTS Y
ERZEZ TR . Kaid = >0 2 90l 4
W, B OB o #2 EGFR. TGF-B 324 |
E-E5ZHEE . B-BREE . MUCT &, ®
W) 22 2% 5 AR DG 13 %, 6045 EGF/HGF-MAPK
TGF-B/Smad. Wnt/p-catenin 5, JAK/STAT3 % . {4
W, GuoZs P §IF5Z, HOTAIR-JAK1/STAT3-FUTS-
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Hsp90/MUC1-STAT3 Jz 1 ¥ 6 78 HCC i J& e A%
FOE Wl . bR R BIER SR, FUTS il a4
CF, WERAG TRIMMEES MY, ALK
B HCC AYEIEREE
3.2.3 HBV/HCVIAEFFUTS LRtz

18 PR T L & HCC & AR ) EE IR K &
MORIF R B (hepatitis B virus, HBV) 5 HCV
KIfedr s tE FRTE ol 67 BN AL RE AR IL
MNTTTE LR IR A M R A TR, R Gk 55
PO BE S PR S W HLRE Sy, FUT8 I Ry
FHIE HCC h—> e HLyps BROK 2l 5 G 2 P 2 1 A%
A

WEFE R, HCV I YL AT 2% il FUTS 1y 3%
ik, YRS PI3K-AKT-#% R F «B  (nuclear factor
kB, NF-kB) {553l f§55 FUT8 %Kik, AUt
JH 20 B S 15 5, iRl R 25 A HESE P-HE AR
I (P-glycoprotein, P-gp) 522yt M CEH 1
(multidrug resistance-associated protein 1, MRP1)
AT G 2 O CHE R, HCV TSy
EGFR (] CF 4155 E3 12 3 &M — R P H 40
(tripartite motif containing 40, TRIM40), f¢
IR 5 5 5 A 1 (retinoic-acid-inducible gene I,
RIG-1) 1 K48 iz - ALIEAR , 1k M9l 26 1 R [
fift o RIG-I B9 BRAC ZMH] T 18R (type I
interferon, IFN-1) A97= A4 &N UR(5 53,
T Bl 35 A R0k % 1E e R e N > TR
HBVAHICHCCH, FUTS 5 N-ZIhAWE R o v
(N-acetylglucosaminyltransferase V, GnT-V) # 3t
ik . FUTS fi#fb N-R B A% .0 GleNAc 19 ol ,
6- BB R, T GnT-V A% B1, 6-GleNAc 4
SCHEA, o SR E AR R AR e A = R R ME (W
NA3Fb) HIERHRER
324 FUTSH FHIZJZH ekt j 45

SRR PN BE SRS, FUTS 76 I g ik it
WO EARAE ] o TEIE PR S R TH , SRR ]
55 ol 3 # & 7 81 (clustered regularly interspaced
short palindromic repeats, CRISPR) i ¥t B jiF 5
FUT8 N . [l GDP- JFH 5 i 4% 1 ) P42 A2
PEAE T Z KB 4K 1 (programmed death-ligand 1,
PD-L1) WyFik, ttih, fyrgiimnz Rt 2
(doxorubicin, DOX) FrifsF#Y PD-L1 L IRt
TR B, 1 FUTS 303770 40 2- 1 42 -2- 9
-L- AR (2-deoxy-2-fluoro-L-fucose, 2FF) A4
ROS et R, WKE T4 Ehae . TR KA

JTE, HRAY (natural killer, NK) 404 Sk
it K Furs 5 B M A & -2 % & (interleukin-2
receptor, IL-2R) B#E (CD122) KA K# LA
Wik, ST A AN R T TR, fi
FHIL-15 V5 3 A BRIR AL 5 5 56 3 S5 R I 1 5
(phosphorylated signal transducer and activator of
transcription 5, pSTATS) {55 W Z W55, =&
EHPE NK A8 sl . s, IR dexs &
THLHAMAEMEE AMKT ST (major
histocompatibility complex class I, MHC-1) &R fif
FARTEBRAES) . BOFF#E— 47K, FUT8H]
A A WK A5 18 CDA7 1£ N133 {32 N- 2R 4% |19 CF,
M SMAD FF 5 M E3 12 R % 1 (SMAD
ubiquitination regulatory factor 1, SMURF1) 4%
(I K4A87Z %Ak, MIfiHE5E CD47 S HRREM:, IHIR
HCC REZR H FUTS 55 CD47 K 1 4 3k L i 3 IEAH 54
(R=0.62, P<0.001), —FIL[FEFRATRA R H
J& . S R FUTS A] BRIE) Bt CD47 fiik sl ik & P it
% & B Mg 40 Mg (chimeric antigen receptor
macrophage, CAR-M) i 35 34 5 5 I 440 Jifg X i g
2 L A AR,

25 b, FUTS LRI b R 154 B A WU
YEH— RS T, FUTS A J 11 CF 24 HF
NK 20 A 245 S PR s b e W A D BE B B2 555 T
TEHR PR S g 20 e o 19 FUT8 X,
SRR FHEIET 2K 1 (programmed death-1,
PD-1). CDA47 %Gkt fisr+, ik S s
bR, XA E AR B R AR 1] M G A 1Y
Uiteftedl,, #a7m T FUTS FE kS i A% v 1 3R
PR . X — R AR ZIENUE 1A S
PO 555 2 5RO AT X A b i 7,
HIFR “FUTS IR BEinyT” RIS T
X7/l i
3.2.5 FUTSKIKMIZ R AE M2

FUT8 IR 32 5 5% . MG Je s s Bl
AN . EPRAER , Wnt/B-catenin i 3 1o
TCF/LEF 4540 #8006 FUTS 5% 1>, BFH: 4 ps3
Al EHAESS G R 8 X e #E HKiL, H HDACH)
il 550380 2 15 58 pS3 LR AR — A HOZ RN P
(HTERGBEARPE T, KBEAE it RNA HOTAIR #1153
p300-STAT3 & &), [AE0% FUT8 5 MUCH, JE
BUARIE E R A Y Horpr, — SedE S i RNA
miR-122. miR-34a. miR-26a } miR-146a %5 7] # i)
FUTS [} 3'UTR, iz ik, ilik—
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HIl55 HCC 40 i) EMT 5588671 27 . Z5lith,
TEAT N REAE 8 v miR-122-5p IR0 8] FUTS, $2/81%
PSR IR v B ISR 2. FUT8 3R
IRAOE NAE PRIEZE BRI 2 i B, 32 21 L iiesk
T A5 T MRS S CHE B D ) S 7, )
AE ML B AR R 1o BROR S A AZ O ML . T,
B ] FUTS AIR YT SRS DX 20 P RPN 5. 34y

@ FUT8S 3 f i {5 5 B

i IR SR REA AR, B od 4 BEL T LA il Jie e
AR

RAET CF BT HERE (4 S AL, FUTS J&
T—ANEIMZER PO, R AR B 3%
PEAL S5 RS B e I DR S B S (2).
Bt Xt FUTS s AL A9 1% 0 FC EAT T T AT fE
LA IR A, S SR o i B 22 T A e

(b) HCV/HB V) [ (2 0k 58 4 2

PI3K-AKT/
NF-kB

S P-gp/MRP1

E¥ 2 EﬁEI l g I
I

it |

——

IFN-I* EE]

© FUTS /) S0 6 k8Bl @ FUTS A1 % 2 0 i1 %

P —

“loam _|

— @

CD47

; CDI22JER| (Rt 4 R
. ) | EREEE
I

Fig. 2 FUT8-mediated drivers in hepatocellular carcinoma
B2 FUTS 7 RFRE e Fp B SR B AL )

(a) FUTS I #% 0 LB iEGFR . HGFR, TGF-P3Z2 4K JZFOLRI, B4{IHPI3K-AKT. MAPK . TGF-B/Smadif %, A&7k 40 i 4
Bl . 1222 X EMT; HOTAIR-p300-STAT3 iE 5 it B ik — 2 FHFUTS, (b) HCV/HBVIEY: FiFFUTS: HCVZPI3K-AKT-NF-kBi55:P-gp/
MRP Ui 2, IAL#FRIG-TRE MR AIIHITFN-I7 4 ; HBVHMEIGNT-VA B ZeN-34 (NA3Fb). (¢) fhssdkif )i : FUTSHIHIFI2FF
5 PD-1/PD-L1 R TN FE ; FUT8HR FBINK AN NECD122 N A7 KA fty s FUTSERE CDATN ] H A i 7+ . (d) FUT8Z Wnt/
B-IKTR 1. p53. HOTAIR¥: £ , JE4imiR-122. miR-34a. miR-26a. miR-146a. miR-122-5p%% )5l . EGFR: A KK T2k
(epidermal growth factor receptor); RAS: KR RN EEER [FIEE A (rat sarcoma viral oncogene homolog) ; RAF: R s £ 4 A i 4
LA (rapidly accelerated fibrosarcoma); ERK: AIJAME ST (extracellular signal-regulated kinase) ; MAPK: 22%4 5 1540 [ i i
(mitogen-activated protein kinase) ; HGFR: Jif 41l ffi 4= & A F &Z 1& (hepatocyte growth factor receptor) ; PI3K: i i Mk L 1t 3 ik fifs
(phosphatidylinositol 3-kinase) ; AKT: 4B (protein kinase B); TGF-B: #{b/EKHFB (transforming growth factor f); FOLR1: I
B2 52K 1 (folate receptor 1); EMT: |- JZ-[a] Fi%% 1k (epithelial-mesenchymal transition) ; HOTAIR: HOX#%% 5t )% L RNA (HOX transcript
antisense RNA) ; Hsp90: #{Kk 72 & 190 (heat shock protein 90) ; HCV: P HEIHF &5 (hepatitis C virus) ; TRIM40: E37Z 2% i % i
(tripartite motif containing 40); IFN-I: 4% (type linterferon); HBV: ZIF4Ha; (hepatitis B virus); GnT-V: N-ZPEtHiHHIZFE RS
fifiV (N-acetylglucosaminyltransferase V); NA3Fb: #%.00 A WAL -TF-20 = KLEN-B¥ (core fucosylated bisecting triantennary) ; 2FF: 2-fii
A -2-FH-L-A B (2-deoxy-2-fluoro-L-fucose) ; DOX: £ A2 (doxorubicin); STAT: {5555 5% iM% H T (signal transducer and
activator of transcription) ; pSTAT: WFfRILI5 54 T 5% K15 A F (phosphorylated signal transducer and activator of transcription) ; PD-1:
BFPHESET-Z K1 (programmed death-1); PD-L1: F2/PHEFET-Z KA1 (programmed death-ligand 1); SARA: SMAD# & 3Z A& 11
(SMAD anchor for receptor activation); SMURF: SMAD5EE37Z K%M (SMAD ubiquitination regulatory factor) ; FUTS: 5 #fiiss%
WS (fucosyltransferase 8); MUCI: Zhi#E[11 (Mucin 1); RIG-I: fE#E#E MR E S HEMFT (retinoic-acid-inducible gene 1); GlcNAc: N-Z
Pt % % (N-acetyl-D-glucosamine) ; NF-«kB: #%[KHF«kB (nuclear factor-«kB); P-gp: P-#ZE [ (P-glycoprotein); MRP1: ZZ4iif 24 4H 3¢
1 (multidrug resistance-associated protein 1) .

NA3Fb
=)

D — (ri)
"""" (?)%I;ﬁ{n?m) MR =i
(FUTS L)

miR-146a

L \miR-122-5p
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RHESRALS T R A SRR BTk ik, TR
AT FUTS PP R2% , I IT A $0 1) AR A A B
IR, BRSO AR AT U FL AT S A
Jitil

4 Tl AR VETERTRE R RIS I A B R

41 ZLEERENEARBEEEFENLFE

CF MU SR AA K, B 298 s
] JAE Ak Je HCC i i iy ok A%, SR IR AR i 2
PEMLTE A DRS00 77

TERFEF YRR B, sk T 3845 ) 78 275 (18 1k
R s s R 2B, I CF AR+ 1= Kringle-Fe il
4 # 1 (low molecular weight kringle-Fc fusion
protein, LMWK-Fc) 7K-FBH£F4E1k /1] (S0-S4)
VPR R A T ey 2% B JF (P<0.001) . LMWK-
Fe BN A Wibn i is Wi=S 1 £ 4e Ak i) 524 TARE:
fiE 28 (receiver operating characteristic curve,
ROC) Mt & F m M
operating characteristic curve, AUC) ik0.80, PH:
T 55 3k 96.10%,  HAE A 1 4k Ak i 2k 37 A 5
K% (OR=1.816, P=0.011) M[EIF, WEMLTH
Fofr s DR 5 FH (%) JF 8 e AL DA 46 A T 27 4k Ak 46 54
(fibrosis-4 index, FIB-4) (4UC=0.60) F1K 4%
W2 &% 2 M 5 i s AR b fH 48 % (aspartate
aminotransferase to platelet ratio index, APRI)
(AUC=0.68) . i A HCC Fir Bz, AFP-L3 fE N %
FUTS /5 1 CF (& 4ffi (1) AFP P78, pig hy 25 3L i 375
PRaEY . (HASERAYE, AFP-L37E HCC [ MG
Wk v, T RE S A B e B

(area under the receiver

PIIHE HR R A OGP, (B AE PO RS, 7
AFP [H s v, AFP-L3 BH%: R 5 g I 204k .
= - A R W MR ZT 2R K- B A G . BN
B, RN RYENPR 5 HCC I, AFP-L3 AY%F
YL T BV AFP, H21%% |-, FUT8Kik 5 AFP-L3
FHME R S AR 2B M R A DG, M RGE 5 HL] S i
PRFRIA) “FUTS-AFP-L3 %7, VT4EK, il ok
A2 — AR T A% O B ST
ESWE., WS £ HBV-HCC B & &,
I JeE 4 2 FUTS 2% 3K 5 1fiL 3 i — FoF 43 78 CF 1Y
N- 2 B NA3Fb (19 & i /5 & — 34 ; Ramachandran
8 Y AL RS AR T . ETEORS 14 AR
At & (non-alcoholic steatohepatitis, NASH) M
HCC A BAFI H 4 40 30 EIRFERR (U H o2-F
BK#E 1 (02-macroglobulin, A2MG) . Z5&EREH
(haptoglobin, HPT) . al-#it B & M B (ol-
antitrypsin, A1AT) 45), BETHZOGEES
Zo W YR 19 &2 2 BB (U0 Hex,HexNAc,Fuc,Sia, |
Hex,HexNAc,Fuc,Sia,) . HH, A2MG-N1424 ¥ ik
LEPR ST 56 E A S A X 43 HCC 5 BAE 5 A7 3L RE
FZILT AFP, JUHAER W HCC h R IR H . Tan
4 B —2BUESE, FE NASH AH OG- 21 A g Hh i i
HAEAZHE (lumican) SRIEA CFEMIAK, 5 AFP
E ARSI T L ) B HOC 5 FREAR I AUC I\
0.689 . E T2 0.839,

Zi b, CFIKPAENR it b 2 A
MBSt EAn A . DEF 4L 119 LMWK-Fe 75,
#| HCC B Bty AFP-L3, A2MG-N1424 & lumican
N S R 1 S Y N R I PR ]
(F3) o X —FFAE (A5 2 T 4% 0 o 3 8 19 I35

Table 3 Regulatory mechanisms and clinical significance of core fucosylation—related serum biomarkers at different stages

of liver diseases

R3  lEEREEE X MBRREMER R M B BT AEAR AR AL SRR E X

PR B PREY {EREpIN Il PR X ZH R
FFAF4EAL/ T LMWK-Fe (R0 30 FUTSTERT ERAUMe A Bl (U= B0, AF4ifeit 2 Wr=S1474iibaUC=0.80, it  [49]

ARSI IR D R CFAK A LMWK-Feli 47 4E4b 4 17t w0 TFIB-4/APRI; MSZAHICEF

HPIHCC  AFP-L3 (H R & A 5+ FUTSMEALAFPIZ LA BEME AL . SFUTSRILIEM Atk T H8AFP, SRR [31, 50]
A K FTRERR AR HEME R S BULE A b EGGT/IHLL E M
A2MG-N 1424 fik Wilo B EEFEAL S, /EHBV-HCCHINASH-HCCH  FIHHCC 2 Wi 2 BE ik T AFP  [51]

e (JEH:AFPEATE )

Lumican CFHEK (FE 1 7ENASH-HCCH 5 M & 42 5AFPHL I RIHCC 2 W [52]
EZ ) AUCHI0.68942F+%0.839

MIWHCC  NA3Fb (ZR&H D% FUT8LGnT-VILRIE, (REERMEREN: 5 <UUMREFE EEE 54 [36]
FERELN-JEH g AP UTS KT — L SSTUEYIEPS
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833
PR B W 4L I EEIH
Z M CFWEE A (I BRI &, W TFUT8 X GDP- ks bfazs ki, nifEhN  [51]
HPT. AI1ATZ) Fucy A (K9 1 e 43 Z 68

LMWK-Fc: 1§43 T & Kringle-Fc il &5 # 1 (low molecular weight kringle-Fc fusion protein) ; CF: 4.0 %5 % #¥# 1k (core fucosylation) ;

FIB-4: JT4F4Efki5%04 (fibrosis-4 index); APRI: K& G WHE B S5 /MR L H5%L (aspartate aminotransferase to platelet ratio index)
AUC: ZiR#& TAEFFEMZE F i (area under the receiver operating characteristic curve) ; ROC: Zik# TAR4FAEAIZE (receiver operating
characteristic curve) ; HCC: HF4HJifus# (hepatocellular carcinoma); AFP-L3: FJEE R B{KL3 (alpha-fetoprotein-L3); AFP: FJREH
(alpha-fetoprotein) ; FUTS: ‘A¥itlEF4F4ME8 (fucosyltransferase 8); GGT: y-S &AM HE (y-glutamyl transferase) ; A2MG: a2-FiBREE
F1 (a2-macroglobulin); NASH: AEVEAEMEAEPEAF & (non-alcoholic steatohepatitis) ; NA3Fb: A%:0r 73 bERAL 43 = KLEN-FE (core
fucosylated bisecting triantennary N-glycan); GnT-V: N-ZBEE#HBi%FIIV (N-acetylglucosaminyltransferase V) ; HPT: Z5G K& (hap-
toglobin); A1AT: al-HURE M (ol-antitrypsin); GDP-Fuc: S} @RS %% (guanosine diphosphate-fucose); HBV: Z A48

(hepatitis B virus) .

PR YL G A BRSO B PE S AR B i AET
itk . BFEEfEE) HCC B2 FR Tl =,
42 FUTSKREFEMZIENHCCH FHE ST
AR B F AR

B T AT LAVE A LS, FUT8 A B S | iF
PRI A& FAn S (H . Norton 55 ) 48
th, 7fEHCCH, FUTS V) K25 GDP-4 bl G
i a W s N (41 GMDS. TSTA3) 3 I
i, o GMDS 5 TSTA3 # fFfi 5L R 5 VLAY 1 .
G TCGA 5 Z U B 3 i s, FUTS M H:
R I FRIA KT L DR R s B
AR T A B )2 BB TS XS, S MR T oK
[ s G/
43 bEEREIENNFT—RBESCETE

EREEER, W EEER (Lens culinaris
agglutinin, LCA) . WM EEER (dleuria
aurantia lectin AAL) N TCIEIX 73 al, 6-4%.0 i
W5 A R St s e bl (A0 l,2/3/4-3% 42 ) , TERRS
P EAFAE IR BRI o S SCERXAZ O s B AL R T
PO, AR T AR — RPN TR s 51k
SRR RN AT RI THL

Hrpr, FgeEsRmg R & — P2 eE. —
i, EET AR R IO AR B T 5 KA R T
Jo Zhu%§ BV HF R T —Fi b2 Bk bric s AR . H)
P L S S/ W T S S A |
(galactosyltransferase 1, GALT-1) HJgEFHHG] 4
P& EK #£ H G Fc Bt (immunoglobulin G fragment
crystallizable region, IgG-Fc) Z5#ifE H 1Y al,6-
B B, IR B R L A 1) UDP-Gal-6-N, %
B b BEEES S A IO s YRR
B, FIAE 30 min A SEILTE AHAE AR CF 1Y Rhnic -
ZAGE T TE Fu8 M 5 28 K N-BE fF B F

(peptide-N-glycosidase F, PNGaseF) 4b B i # 74
TR AR, RS XA U A A o I
iz, W %E 413 MIBTECF &,
FFAE 9 28 LT ThAS I B A O ek 1gG,
BWIEkAE AUCTA 0.827, H/R R A7 A AR 1k
Ho —J5M, HT KGR DGR HAR N 5
SR TR TR Ishil B YRR T Ry
al, 6- %0 B A XUPRIC S BB EE (MMBFD) o
AR T PO IR e B % F (fluorescence
resonance energy transfer, FRET) B KALH|, LI
BEH W, a0 N-BE N D) B8 M OW2SIN 2 R K
(endoglycosidase M W25IN mutant, Endo-M
W25IN) % N-## N U i F3  (endoglycosidase F3,
Endo-F3) JKRETIEWIIG , 2OGH S KR53 125,
PR TREZMI o 20T R PI A e s
TE I DGR B A S WX S TSR, 18 T e
T S SN 125 AT

TEALE R T, FH al,6-2% .00 A bR A
M RS A, R Y R A AR T T
Ramachandran 55 " >R AR B 5 LR £ %) 4 Jifd 2
TR T AT 580k, e S PR A% O Bl B
()P B AL O IE L, P g SR IR AR ) R AR
Bt SCELCF AR S 880 AR . XK g E FUTS'
Y b A5 WSS, SR E T X FUTS AR 1)
o B . B SR, BE G O - H T
% (liquid  chromatography  tandem  mass
spectrometry, LC-MS/MS) 43 #145 Glyco-Decipher
SEWERRARAT AT, 12075 AR A A v SE A A
e v %, ©FF HCC 4 jg rh 5y 2 22 {2 EGFR
FOLRI . PD-L1%55CHESRIE 515 570 T HIR% O
WAL . MR TG E R 5, ik
ITEAGEE G T 28 U, IR 58 B AR AT
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JEHGE TR R B Z AR R IR 04 o BRILLASR, Bk
TEUE R I AT R AR WAEAWE A, Tan 5 52 H 57
T HEA TR ZR AR IC A X A1 4a % 2 i (isobaric tags
for relative and absolute quantitation, iTRAQ) #5
it . #ESE R LCA & % 5 Endo F3 i U (1) W AH €4,
T AR A 2P AT S M - R IR B 3 (liquid
chromatography high collision-dissociation parallel
reaction monitoring tandem mass
LCHCD-PRM-MS/MS) J3#1J5 ¥, £ NASH i
LB F IS RS E T 624 5+4%.0 CFIkE, JF
BE H LUM 2 I N160 137 5 () CF Ik Bt &5 AFP 1]
He 401 1T 4n e i 7Y 32 W 4UC B2 T = 0.839,
Vadivalagan % ' SRR R, 256 1%/
i AE fE 1 R

spectrometry,

(electron transfer/higher-energy

collision dissociation, EThcD) HIFALEREE GE & -5
REREFE i 25 (stepped collision energy higher-energy
collision dissociation, sceHCD) #Z4EAY 1% 73
B, REAE S IR h o 1 N-BE R 1) s T8 B 7 =i
FE AT SRR R BT CF 78 A RAEAS
WA A PR B TR I TR SR, R4
45T MR A SR A I TR LS = 25 M SR e AR
R | RER A R RIS P TR AP R L. AT
DIE Y, S Al SR s A i B R S AT
G, M2, T RS P e
PR T ) R SRR A SR R R
To PRaERL AR AT BB A . &R
A A RS AT i i BT

Table 4 Analysis strategies and clinical applications of core fucosylation

R4 LEERLS RS IRRMA

LIS IWIRFS REUE ik I A 3 A ZE IR
i migik Big 4R A5 e i O E BERE ALK B, ARSI XD al, 658 EEM L B B TIRREMRE [54]
PSMs, 1&1fi%76.2%; &3+ FEAFP. EGFRW &, AbriddMEal3sidos WAl
o HERELE
XAFIC/SPERENE W2 Endo-MW25 INFIEndo-F3 341, A IX 5 ENGasel ¥4 51t v A T 2540k [55]

S A

ik (A
Endo M/F3)

FEAR RS B T4 CFREIE, X214 8 13
WO AR E B0 AR FE O P AL CR R R AT A6, PRMVIKS

M (LC-HCD-PRM-MS/ Wil & BB 1
MS)

SEATRE AN W AR UG R B DY R 2Bl 28 ;. PRMUE #5401
kE BT (NanoLC-  REBS 5 7m0 45 S M IR A A A I 5 RE A op ]

PRM-MS/MS) =ik

ST E) FEWE A U BR R DA O A R E
B, ZHILICH SRR FBECFREIR: HeLa 5 UM% 0 & ¥ WH 3% 35 1 MAEWAR S W BT T

Endo-M/Endo-F3 iR Il % s
HTERE, Endo-SAYIE
i A A SRR, R T4 aRE  [(51]

=

CF B Jik 7T X 4) HCC 5
NASH-JFfiif; CFH% KA
AFPHL A IG5 X 53 fiE
N241A7 kR 5 PR B K FT IX
SFHCC S FFlifh; & 4E N
KR WE R IR = b Bk
Bt

B

B
AT R A
AEWIbREMIRAE; )
HCCIfi R bz S i ik
AT A REAA A
R R R A M bn S
BIE; RHRTE 2L
e

[52]

[56]

PSMs: i [FI DL KBS (peptide spectrum matches) ; AFP: HJi#E 1 (alpha-fetoprotein) ; EGFR: 4= KK FZ & (epidermal growth
factor receptor) ; Endo-M W25IN: W25IN % 48 %4 [ Y F% 4 B M (endoglycosidase M W251IN mutant) ; Endo-F3: N Y14 4 i F3
(endoglycosidase F3) ; ENGase: N-#% NI+ (endo-B-N-Acetylglucosaminidase) ; Endo-S: PN YIS (endoglycosidase S) ;
HILIC: ZE/KAEH % (hydrophilic interaction liquid chromatography) ; CF: 4.7 #itlifk (core fucosylation); HeLa: T4V "5y £ 41
(Henrietta Lacks cell line) ; LC-HCD-PRM-MS/MS: & AH (% 2% - 15 BEAI 38 ff 25 - 47 SO0 Wil B BE i (liquid chromatography-higher-energy
collisional dissociation-parallel reaction monitoring-tandem mass spectrometry) ; PRM: A7 i Wil (parallel reaction monitoring) ; HCC:
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Abstract Core fucosylation, catalyzed exclusively by fucosyltransferase 8 (FUTS), is an evolutionarily
conserved post-translational modification that has emerged as a central regulatory hub linking liver homeostasis,
chronic disease progression, and malignant transformation. Liver diseases, particularly hepatocellular carcinoma,
remain a leading global health burden characterized by late diagnosis, limited therapeutic options, and poor
overall survival. While aberrant glycosylation is now recognized as a hallmark of cancer and inflammatory
disorders, existing research on FUTS8-mediated core fucosylation in liver diseases remains fragmented: the
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dynamic functional switch of FUTS8 from a homeostatic regulator to a pathological driver across the full disease
continuum has not been systematically delineated, and the integrated mechanisms by which core fucosylation
modulates oncogenic signaling, metabolic reprogramming, and immune evasion remain poorly understood. This
review synthesizes recent advances to establish a unified framework for understanding the dual role of core
fucosylation in liver physiology and pathology, and evaluates its translational potential for precision medicine. At
the molecular level, FUTS’s unique catalytic specificity makes core fucosylation an irreplaceable modification, as
evidenced by the perinatal lethality and severe organ dysfunction in Fuz8 knockout mice. In hepatocellular
carcinoma, genomic amplification of guanosine 5'-diphosphate-fucose biosynthetic enzymes provides metabolic
support for aberrant core fucosylation. FUT8 expression is tightly regulated by a multi-layered network:
transcriptional activation via Wnt/B-catenin and wild-type p53, epigenetic upregulation by IncRNAs, post-
transcriptional repression by miR-122-5p and miR-34a, and virus-specific induction by hepatitis B virus/hepatitis
C virus. Physiologically, core fucosylation maintains liver homeostasis through four core mechanisms: it acts as a
molecular switch for epidermal growth factor receptor/hepatocyte growth factor receptor signaling to enable liver
regeneration; directs polarized secretion of hepatocyte-derived glycoproteins into bile ducts; modulates
cholesterol metabolism via the hepatocyte nuclear factor 1o -proprotein convertase subtilisin/kexin type 9-low
density lipoprotein receptor axis; and regulates aging through insulin-like growth factor 1 receptor signaling.
Pathologically, core fucosylation exhibits context-dependent dual functions: in liver fibrosis, FUT8 upregulation
in hepatic stellate cells forms a negative feedback loop that limits excessive fibrogenesis; in hepatocellular
carcinoma, however, aberrant FUT8 overexpression drives cell-autonomous malignancy by constitutively
activating epidermal growth factor/hepatocyte growth factor receptor, transforming growth factor-f/Smad, and
Wnt/B-catenin pathways, while simultaneously establishing a multi-layered immune evasion network by
stabilizing programmed cell death ligand 1 and cluster of differentiation 47, and impairing natural killer cell
homeostasis via interleukin-2 receptor  glycosylation. Clinically, stage-specific core fucosylation biomarkers
enable non-invasive monitoring of liver disease progression: low molecular mass kringle-Fc fusion protein
outperforms conventional markers for early fibrosis detection, while alpha-fetoprotein-L3 and novel glycopeptides
(a-2-macroglobulin N-linked glycosylation site 1424, lumican core fucosylated peptide) significantly improve
early hepatocellular carcinoma diagnosis, especially in alpha-fetoprotein-negative patients. Next-generation
detection technologies (chemoenzymatic labeling, site-specific mass spectrometry) overcome the specificity
limitations of traditional lectin assays. Therapeutically, four promising strategies are emerging: small-molecule
FUTS inhibitors, afucosylated antibodies with enhanced antibody-dependent cellular cytotoxicity, Fuc-modified
targeted drug delivery systems, and core fucose-specific lectins for NASH treatment. The core challenge for
clinical translation lies in FUT8’s inherent “double-edged sword” effect, as systemic inhibition disrupts its
essential physiological functions beyond pathological roles. Long-term systemic FUT8 blockade not only impairs
post-injury liver regeneration by abrogating epidermal growth factor/hepatocyte growth factor receptor signaling
but also disrupts cholesterol homeostasis via the hepatocyte nuclear factor 1a-proprotein convertase subtilisin/
kexin type 9-low density lipoprotein receptor axis, leading to dyslipidemia and altered bile secretion. Critically, it
compromises immune surveillance by destabilizing interleukin-2 receptor B on natural killer cells, reducing their
cytotoxic activity against malignant and virally infected cells, and impairs IgG Fc-mediated effector functions,
increasing susceptibility to infections. This fundamental trade-off between therapeutic efficacy and systemic
toxicity necessitates a paradigm shift from non-specific global inhibition to precision modulation of pathological
core fucosylation. By addressing these critical challenges, FUT8-mediated core fucosylation has the potential to
transform liver disease management from late-stage intervention to early detection and precision therapy,
ultimately improving patient outcomes and reducing the global burden of liver diseases.

Key words core fucosylation, fucosyltransferase 8, liver diseases, glycomics, molecular diagnosis, targeted
therapy
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