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The Role of Protein Glycosylation in Metastasis of Pancreatic Cancer
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Abstract PDAC (pancreatic ductal adenocarcinoma) is a common malignant tumor of the digestive sys-
tem. Because it lacks clear symptoms in the early stages and is typically detected in the late and metastatic stages,
it is difficult to cure and has a high death rate. Glycosylation is an important post-translational modification of pro-
teins. The most common types are O-glycosylation and N-glycosylation. The protein glycosylation is closely related
to the tumorigenesis of pancreatic cancer, especially plays a key role in the process of pancreatic cancer metasta-
sis. Abnormal glycosylation modification can promote the metastasis of pancreatic cancer by changing epithelial-
mesenchymal transition and tumor microenvironment. Therefore, it is of great significance to elucidate the role of
glycosylation modification in the metastasis of pancreatic cancer cells. This article reviews the basic structure of
glycosylation and its regulatory role in pancreatic cancer metastasis.
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7 AT AR TE I AR R Bk AR o DR 30— M e
PEREAR, IR 2 CAL T HR I, B T ST R
W HA . (RIS, 35 AR 28 1 A 24 1 SRR ARt 45 R 9T
w7 E R . TR e A R AT F ARG T
3 DAL S B T drialls

P B R WL — R R B, )
AT B BAZEY T . PR AE 1 2 52 &
A&, M EENEEREK, S5FEMN
IR AE . RIBMER S ZA SR, 12 )5
o B E B AR B T
WAV G BOER A, REARZ B 4028 L
i R P E AR B AR o IR AN RERR B R B b opE S
HRME. TR, FoR T HigE O E AR
SRR 1O, R RS () I ) 2 FE (L HE RS AR
RREME LA 2 SBEAEASEHWEIR
FRIRFIE DY K 2 HOHE B i R Tl 2 T1RY %5 A 2 1
LA PO 5 DX R 1 7R A s e A S A Bk, PR TR
PEVERZ B R R — IR & BE(UDP-Gle) JR1T
TR - N- £, 0L 41 4 B 2 (UDP-GIcNAc) JR 1 R -
FFHE(UDP-Gal) JRE W R -N- £ B8 1 7L b %
(UDP-GalNAc). JREF WL —AHE (UDP-Xyl). JR
H BEIR I BEBS R (UDP-GlcA). SF R —H
72 (GDP-Man). 5 — % — ¢+ 4% (GDP-Fuc).
5'- PR R Y -N- AP 2 2 L R (CMP-NeuAc)
JfEF W R A% BE S (CDP-ribitol) /A A& #2 31|
R S AR SR B 2 A I R R A
FRZ/E W R MBEAT 3T & . LA N A0 pE L4045
WiJa , 320 B m R AR I DB BY . 2o R0 K v B
. FERAEESERMIT YIRS, e
FH A< 4% 25 A I(coat protein I, COPI)#%iz [1] 21 Py J5i 4,
M 53— 3B 7 W 2 9 e 18 2 T ISR 1T, 04T 2 Fh e,
Bl FH M Bk ARG S R AR DL L
Pty AR R,

Fof i s 278 % AT SR S IR i g ¥ 7 3o R v fE DL IR
SLHIMERR 2 — o RN B B R, JF HLBk
ZHR W EY . FEEPUE 19-9(carbohydrate
antigen 19-9, CA19-9), X FRMER IR Lewis a(sialyl
Lewis a, sLe®), /& MHEE) — PRI, S 9w 2 IR
S bR EP U R CAT19-94 I AE I AR 1)
AR AR , AR SRAFAERF e A R B, &
UK 2 HUE A R AT M 300 B FEAIE B,
WS T R A 0 R, 45 T 45 40 i 1)

FhFfS . 4HA AL (extracellular matrix, ECM)AH B.1E
F UL A5 5 S50 X e A W5 T g 22 5 M
JoR R (1A 28 L AT A% B SR UM R TAE I Sz g
Jo LR H IR B E N BB 1 N 2R
g e R B AR o Al FRATIRHBE ) 1 Y T i
IR B AT TR E.

1 HEERIME

R 5 PR A A A W R 2 1 )3 e
77 AT 732, 5 B A rh f g 5 1) 2 V- 2k
WM O-FEHAL . BT A AERN R A B | A% 2
FEME, T 58 B PR A 2 R 2R DR
WABREE LMD R N & T B v 8 1 B R fa i 1
Z—
1.1 N-glycosylation

N-PEHAL I A6 T 4 Joi 99 e i) 28 i 1, JF
TEP BN HBEATHE N L, 5N T N-§E 24015
TR = DA e 7% B R B A 3 — 28 I T A A ) N-
REED . N-SRWEI T B R S AR, AT AR & Rl
FELE N T M P B ALG(asparagine-linked glycosyl-
transferase) 2 i X 08 25 56 7 g 67 57 K% T o 42 1) 5%
FRIE B AR BB _E (O BEIR 22 5 i (Dol-P), 483 ALG—
ZKAMEALTE % GlesManoGleNAc,-PP-Dol £ 14, 1X—45
R Ay Ad F ATE B N-H ik U)o B e A o IR e
[ S A FE 8 (oligosaccharyltransferase, OST)f#E AL
GlesMangGleNAc, VA0 4 B 14 2 31| 22 IR B h R 4
P9 iz (Asn) T -NH, H FH S b 3R 422 48 37 R AR 1)
Asn-X-Ser/Thr/7 1) _F (FLHp X2 B il 28R < A1 AT AT
ZHEEIR ). OSTREMS R AT A IKBE 7 41 ¥ -Asn-X-
Thr/Ser-, MR A% OHEEEFE R 2 H S AR Asn L.
N T BEFHAR N Z AR A, O bR RS B Asnffid
FERAEAER B iR i B, &F N-FE
M AR N a-Gle/r S — S & R,
ZBRbERE L AT 1 TR S, TR
FCE AR EE GIeNAc,Mans 8 i . B9, eI
18 B va IR AR S PR B A A B AR g —
JEARANELT, TERes H B, HA AR G AIX =
FRIEAL, A N-ZRE FAT S s I AR (B )M, JX e
SR N-FEFE AR v 46 N- LR 2 R AN . N-4 B
TR VR M A, X R i 5 A R E N- 2R
PEAIZETY, I HEZm R R, Bs e, VA
WO, FEAEPIAR N R HE AR RO



1276 k-

Golgi
<€— ST6GAL/ST3GAL —> g
Gal-T —>
@ Sialic acid
GnT-IV A Fu
GnT-I @ Gl
sn-X-Ser/Thr sn-X-Ser/Thr @ GleNAe
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& Rihos& Asn-X-Ser/Thr sn-X-Ser/Thr Asn-X-Ser/Thr
some
ER
T o-Gle I
Asn-X-Ser/Thr a-Gle 11 ER Man I

OST (STTT3A)

Golgi: B/RIEMR; ER: N JF M ; Asn-X-Ser/Thr: 2 ik#E; o-Gle: o- % 2§57 H; ER Man L. P95 P H #5017 B8; o-Man: o-H 85 5# 1788, GNT1: UDP#i
T PR R IR SL BB 5 Gal-T: N- LB FUNE L F A Bl
Golgi: golgi apparatus; ER: endoplasmic reticulum; Asn-X-Ser/Thr: peptide chain; o-Glc: a-glucosidase; ER Man I: endoplasmic reticulum mannosi-
dase; a-Man: a-mannosidase; GNT1: UDP glucuronosyltransferase family; Gal-T: N-acetylgalactosaminyltransferase.
E1 N-RENEMER
Fig.1 The biosynthesis of /N-glycans

1.2 O-glycosylation O-GleNAcHI AR, i & b2l CHE R A=) & i

FLRZ A0 b L MO - B2 AR R O-
GlcNAc(O-linked-B-D-N-acetylglucosamine) il O-
GalNAc(Mucin-type O-glycosylation), ‘&4 THiEFE 5 3
S AE 22 B R B PRIV R B bR

O-GlcNAcsE O-3EHE 11 B-N- £ B #1211
EEZMM T 20, 2 RETHEZ. 4080
JRANZE AR T, SRR M, O-GleNAcsiE —Ff
BB RTEAE M, H O-EB N N- B A
WE 2 [ O-linked N-acetylglucosamine (GlcNAc)
transferase, OGT| A B-N- 2 Bk 2 3 i % b Iy
(beta-N-acetylglucosaminidase, OGA)I: [F] #3 i 5
Ji%, OGTTE A RN GleNAc, OGATE 4 1 2: Bk
GleNAc(F2A)>, o, JREF IR -N- £ 19 27 %)
B i (UDP-N-acetylglucosamine, UDP-GIcNAc)E N

1& 1% (hexosamine biosynthesis pathway, HBP) & %',
O-GIeNACAFE N E FRAL A MM 1115 5. Fe A2
FARH I =TT 00, FEAR N RERE 2 5 AU AN L3R
BILHI, 3 B8 7 2 1o e v 2 R S 2 e o 252
O-GalNAc &1 7 LR 1 % 2 B 2. i
THEATAHRKEFEEMO-GalNAcEM IR A
Ser/Thr P41, [RI I3 ol A8 1t A Pk O i 2 1 2R 20
(XTI R (R e R S NE ) A S R
WA AR BT b 2 R T 0 WA TR G B AT
1’57’3%5@5%5’?%%@‘01&"]%7&0 A, R H
AT iR 5F B 1) Dh e, X A T Be £E #R P [
A B NAR R G 3 A B b LA B AR Y ), R R
1 ARBE B A B 1 R AE e R B AR kAT, e AL
T B R FEAR ) 202 Fh N- 20Tk - 7000 &3 % 7% il
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B4GALT4
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GCNT1/3/4 S5 B3GNT2-4/7-9
S/T S/T

Core 3

B4GALT4
Core 4

SIT

A: O-GIeNACIE i £ W0 & it 72 B: O-GalNACHE i 2E W0 & i #2. S/T: K BE; Fuc: & 3 HH; GalNAc-Ts: N- 2 Tt - 7L 9 4 3 6 7 il ¢ I
B3GNT2/3/4/6/7/8/9: B-1,3-N- LER I HE R EFE RO B, CIGALTL: %0 14 BF; GONT1/2/3/4: ZHEA S MR (V- L BE ) #: A2l 1; ST6GAL: ST6 B-1
FUHELF 0-2,6-MEVR IR #2 15, ST3GAL: ST3 P 7M1 -0-2,3-MEVR IR F5 A2 F; FUT3: & MER L A2 3; BAGALT4: B-1,4- 1= FLAEHEHL A2 15 4; poly-

LacNAc: -N- 2Tk FL R i it

A: the biosynthesis of O-GlcNAcylation. B: the biosynthesis of O-GalNAcylation. S/T: peptide chain; Fuc: fucose; GalNAc-Ts: N-acetylgalactose ami-
notransferase family; B3GNT2/3/4/6/7/8/9: beta-1,3-N-acetylglucosaminyltransferase; CIGALT1: core 1 synthase; GCNT1/2/3/4: glucosaminyl (V-
acetyl) transferase 1/2/3/4; ST6GAL: beta-galactoside-alpha-2,6-sialyltransferase; ST3GAL: beta-galactoside-alpha-2,3-sialyltransferase; FUT3: fucos-
yltransferase 3; B4AGALT4: beta-1,4-galactosyltransferase 4; poly-LacNAc: poly-N-acetyllactosamine.
E2 O-BREEREMAK
Fig.2 The biosynthesis of O-glycans

(GALNT)FK & 2 2 5 O-GalNAc RS pEF AL A&
T 55 LA UDP-GalNAc A SR YD Hs GalNAcid 2 2
A Sersl Thrik it I, 7% 0 #1 GalNAc-
O-Ser/Thr(Tnfr 5 )%, H K, 1 GaINAc-Ts¥ N
GaINACE R Tndi )5, &L C1GalT1& M, 7E Tn
PUE LN Gal, & %0 L(THUR ). FEAFE K
OB AL R, Tadt R A THUE TE 2 Fi A R
(1) O-FES5 ) o #%00 O-FEAE AR BGAS M T 7] LA —

IR FLRE . A B AR, e ATE Y o- 5K
B- W B T R AR 1 S BE A M (B 22BN,
J& , O-GalNAcHE 18 g 3 T 32 22 il
ST3GALA ST6GA L ME W i % 7% it ¥ 10 Mol 74 1% >k
SEHL ), 3% e R IR X R 2R AR R s 2R R
PR IR 3T, T 5> O-GalNAcylationf& 14 (1] 43
WE A, WIMUCSAC, £ 4k 5258 i 3836 58 i i o 1
Iy bt FER,
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JiR MR g i 7 & b R — (0] 78 5 % f(epithelial-
mesenchymal transition, EMT)F 8 A 55 (tumor
microenvironment, TME)%5 3t [ /EFH 145 3, ¥ 4
SR LA L i), BCMANIL S A pl S FE 1
AHEL 520 B0, B R () 4% o LR JR) SR I ATk B 4%
1, A FEUF MG S B B 78 B e H
EfFEhadsmEusd BT mEEEANS, 3
HEARE A ThREL R, ML MIE R RE ; #i
B M AT S O AN R S R A
2.1 N-glycosylation7EBRBREEE B P 1ER
2.1.1 N-glycosylation &R K-F T4 N-ZEPEIE
s A S 5 RN SRR A . B AR
I, 4F2hel?) N-FEIEALIR/D 2200 3 4 2R -t R bt
538 R G 1 R 3 58 PD ACZH Mo 2k P8 1 25 i it
i #1 PDACZH M AL A% B2 p6STE M T s figidt 1
B4GALT 1% CDKP"' [ N-#l E AL B 16 AT AR g 1 3
FIK, FE4R A T TR 0 B = P AR Y 251, (R
WHEE 7 HIE . TR AR RS E TP, FAh,
UGP21 -5 2 EGFR A& HuAt £ ()5 (1) N-# AL 12
ik, 13 T EGFRIG 5%, M| 7 PDACHE
KR BN, NFEIEAL ) CGA-T1IE R B 1 1
TR AL Akt(p-Akt) FE 2 b mTOR (p-mTOR) I ik 7K
F, FFE i PI3K/Akt/mTORIE % 343 41 1 H W1 A
A, TR FE T $0 e i VR . 4041 galdil
It 456 CD3e/d 1) N-FE LN R B 155 5 TAI ML T2 0
| e 1G5 BV, X LR, N-HE R A A I LE i
R # A A AR
2,12 Ay L ERM FEIEF RN
KR R AFEEMTHI TMER A8 . H, EMT 2K
P b R 2 e A g TR) e ot 4 PR )k AR T TR e
A0 R T AR 28 B A R Re I B, (RS
) PDACH , N-WEEALFBEF = . BFFERS i H R
B2 1) N-SRBE IS N e A B S, RS e DR I TR 7R
J R PaTu-THH I H ey H 85 9528 () N-ZE0E K F i 1 |
FZFE PaTu-SAHML Y. N-SRWESE AR 2 0F, H SRR
£4% B1,6-GleNAcH 3 A “F43 24 GIeNAc, MV IR
(1) 25 B2 T R A% o W (1) R B A 55 ) I MG S
WA FIFEEE H (23 T EMTREARE . B0, ST6GALI
ey s A AN A T S S i v g e ]
I A] 78 5 bR 420 (N-cadherin. slug. snail I
fibronectin) 1) & [ 7K T~ v AR 5 1R 48 i 4 2 10

AN, STOGAL1A T I ME 7 R Ak th BE 38075 EGFRAS
5 AR 2 i ) S B A AR

213 BREBSHAKT T HERSEEME
DSR2 i s T A A I B bR 2 —, FE V-
WEEE A L FEH , FUTS(fucosyltransferase 8) & ME—
AL O A FEPE AL . AR, £ 7 M
TR, FUTSMIR R 2 PR 17 PDACHI L R K2
Zhe), I T R R W a4l
euria aurantialit 4 2% (Aleuria aurantia lectin, AAL)F
K h B L2 i W Ry e M 5 R (Aspergillus oryzae
lectin, AOL)KrlIFUT8 &1 i) a-1,6-4 HEREIEAL, K
MHEAEFE N EIRE M B, JFH T RES
TR W, e Ah, TR 2 i A R RS
MK N2 S EPDACHE AL IG . 171X P& i K
B TR R IX 53 B 7% 1 AR 72 1 PDACZH L
FIHK AR,

2,14 "ERBASAKEZRMA R TL R I4H
Jif 2 T el R TR A 2 e 20 L 2 e 1) — AN B EERRAIE , I
H.7F PDAC & I3 A e i R AL 8 43 i 9, g 7w
Lewis xVLJEd RILGERFERRKEL G L
PDACA G HBLURE MR . PDACEH
F= I FE SR 22 R SRR PR, 28 A DR IR AT DA
S e g A G e YR PR K T R SLe(x) AT Le(y) Y ik
FRF 7Y RE P VR PR T T R 4 AR TL-10
AIIL-6, Bl J5 8 i #0S Siglec-957 1R IK 5 51 4% 41 il
AL T 434K S B 258 001 4 TAM (tumour-associated
macrophage), MI{E 3 PDACH) G ) 491, ix 3
] PDACHBE AL 5 TR N 1R 25 A s 70 AH EL Y
L EMEHE IR R

2.2 O-glycosylation7EFRBR 5 7% P RI1E

2.2.1 O-GIcNAcEAh ESRIREIEAS T 694ERA O-
GleNAcE bR T 2 5 MM A E Az sh, b5
FRAE AN ARG 5 T F8 . RFEMEBA Y. 18
JR g, AR AE R R R A 1) OG T My /K 1 1) O-
GleNACf& M, T O-GleNAc& 1 2 Bl i A 5 40 i
55 R R )RR . 9, FP OGTHY 7+
PEIH TG O-GIeNA & 1 11 5 M e i i S5 1Y, |
FHEE A T I TS AL 22 R i OGT AT 6k 35 B-cateninff) O-
GIeNAcf&i , 1] p-catenint% 4%z , 5t TCF/LEF1
ST R U DR R 2 T I, DT 0 1 R e )
J&, OGT@#LfE SIRT7 ) S136/7 151 &K O-GleNAc
&4, i SIRT7A REGy 2 [A] (AR FLAE A, ATfi ik
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FF2 € SIRT 7415 LA A i3k Fofe f e 2 o 1A A FH B
EOGT-SHCBP1 & 4117 NOTCH1#J O-GleNAcf%
B, HOEHENICDIZ e AL, #E— 5 1 E-E5 4 B A Al
P21 R 55 R A 33 PDACHN Y I 12 28 4 7% B2,
GFPT2{£#E T PDACH YBX1#] O-GleNA /&4 Fl#%
DL SR YBXUERE T IL-18 16 3%, M fie
Bt ELE AT M2 AR AL FTPDAC S 1 #4575 15%),
222 O-GalNACHSHh PRI AEA P 09 ER i
Jie Hh Mucini B R4 B 5 35 18 A FNRHAE 52 O-
FHE AR T Tn. STn(sialy-Tn)Fl sialy-THt
JRE AL B, WER LR R RN R R EE R
RS AR AP 2 T D R, e e s R A AR
FEEFLEE GCNT3. GALNTS. FUT3. B3GNT6A
B3GNT3 Rk ik 1965, IF H e A7 7 1% 1) JEk
P a0 R A ARBER . 534, CIGALT1{E
N O-GalNAcH B PR R ET-61, 5EfEs
PR COSMCELFIPE A, #ifR 1 &P 85 1 1 O-Gal-
NAct&1fi, 3 H C1GALT 15 g o i B A A7 1
BEAHAAKPT, CIGALT1H] gl il s2m % 4 R (s
Bl avAil oSl ) O-GalNAcHK 1 5i figh fi e 41 i i
FERZ 28000, 7R R R COSMC I 4l 2, O-GalNAc
WEEEES T TPl MRIE . XPhRIEH) R F EH
T IR, RPN RS R 71 T B, ITRAT N
BRI TR

TE BRI (B R, O-GalNACcHE (bl il iF5
FE N B 25 B (191 0 CD44 . MUC4FIMUC16) K 454
HRAER, EAEN SR ECME I A B ZAE
F 55000, CD44 [ #FE Todi R I8 i BE NF-xBfE 5
JE I, 4 R R T 41 B CSC(cancer stem cell)
T HERHIE A NANOG R IE 7K, T2 32 i Ji e
PR B, I E R, GALNT1H 38 CD44 1)
Tt JFAE 1 Be B0E Wnt/B-cateninfE 5 il i LG 0
WA A FZ 2R RE S, 5i4b, B-catenin5
TCF4 73 [F] i PDACH MUCA ) i 535 1%, M %
Wil PD A CH il (%) 3 % A 18] 78 2 4 14 2 STodrt i 1Y
S W 2235 A IR HH Mucin 8% (R34 10 B
Az —. AWFFRFH, STodtREBER - % P8
A7 (PanIN-3) AN I M 548 i i b R 2R IA K7 B 3%
SRt A R R I A% RN i 7% 20 2 b K Rk
AT O, 5 B AR AR AR G . FEML] |,
STt R i# i % Siglec-7F1Siglec-9fI 15 5 # T i&
128 ) BELAZ AT 1) 5 W 4 PR 1) A R R, AT A

GBS SR (R AR WY, X EHIR W] T O-GalNAc
W A E JBR i e e 7% v o AR

3 ERERRAR R FIATT PR B REEL

TPEETIERBITRIE M EE TR —.
kM 4% 7% (adoptive cell therapy, ACT)FI G i £
LA F) (immune checkpoint inhibitor, ICT)7E Il PR
e RIHARRGT BE, B R A D HEH R
55235 150, A PUR AR THIML (CAR-T)JTiEEN
ACTHI—ME R, I AF RA W AT B R B AR I
IR EEG R R . PEARGE , 5 N-FE L 2 1
YT CAR-TIT LB P, SPPL19KIH LM CD19
NI12567 55 H I B 24k, 145 CAR-TAH M 5 I 5
F CARTI19Y7 R4 T B4 01, 2DGHI ] b ik it LA BE by
N-SRWEG g 12, mT i35 1655 44v6.28C CARSsHI4H i
AAER, A B g A KA 7, 5
4, 75 CAR B N SN L il 9 B R ol v H 23 i 2
[FJH8AT-CAR, FH ] k5 20 HVRIT i Ry e 310
PEAH M A H S FRp L R4 M, AR TMET . 5 |
FTidk , T2 40 f 1) 2 R RSB 1 o] LUAE S CAR-T
Y My TT IS s B R BT R

o PR AT S B R IR B LB AR R
R, FHIWr i A i v DU E B B E Tl . 5
T EHLAR AR9.64E W] gl 1 MUCT 6, 4 muAR9.6
5B 0% o e i A S RIAR S A, oA e R
7 IR 7. CD2445 5V 5 5w 1 SWA LT A RX
HbBH 1k T S5 AR A A /N BR 1 M A0 R e R A2 28 U2, g
Jies o O 73 SiglecS2 A2 F il 1 52 44, MEVR IR 1E N
G A L P Siglec S A IBC A, i FLAR B4R
FH 28T VB S I8 9T 7 1R PS-1 CAFHTAE (1)
IR 4318 5 Siglec-945 & KA 3E TAM 41k Al A
1k, TR A MR R RN, BRI &, B SRk 1B M )
BB IEVRIT R B A BRI, AR
HE—BARZRE L T e R A X S A SSI6R ST PDAC .

4 DLEFMRE

WEREAL R B LI R E B2 —, &
SYRBBEI . BRI S S | X
e T2 R I R R T 4y . JORER L H
ORI B ATEMT S 5 S50 e oL 11 24
AT LA B A 700 A 2R () 502 AT AR 34 s 1
KB AR, B 0 5 T kI
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AN, Btk &9 CA19-972 H A MR
T2 W s AR AEIbR Y, oT LU TS L
S~ R AT TR A L R MR R R AR T RIOR , 2R
SR T R R R I TR U0 AR R 2 B A AT
AL MIE BB 8 0 B MR R i AR 4, IF L
A J5R e B A A LI e ST N O 45 81 B 1 oA
FEAABTH R A, R A I . S LacNAC
3 S AN AN IR e YRR S A R A A 5700 1]
FE 7E Janusgi K ki (Janus nanoparticles, JNPs)_F [
AR FRAE ORI OL T S8 1) Zh WA A SN, o rh ikt
£ 30T S A R W TR L R R e I N = SR R
RV R i RS SR A T S U, R, TRMEAE
ok i e e % v ELAKR T BE AL ) 04 B3k — 25 (T 9T .
RN TE S0 00 SLFH s 77, 4 B ) o i 5 7 it
TR T J7 1, AR IR S8 B A B

o PR A RO T S TR A A2 U A5 e e 4
6 IR G T2 2 49 1D M AR 2 T S AL e 948 1, AT I
IR, fn 1AL i AR AR I B EAE A .
JE R R B AR B TR T B T R RS, H
Rl AN R A SRAFAE - B IEALAZ I 1) 2 AL AR R
) AR AT IRAT TN & 1 T AR AR /D, i & B
FA R S BB AR VR T 952 093 A2 FRAT T I I PR AR R ke
Z—o JyHMEEAE R RE T B, A RE B Ak T
) e AR A A5 A B8 T i B A B 1 1) B VR T T R
%o WA AR B R M BUAR I A, %07V RE
BRI PR G IT 2 e 0T BL,  H e P [a]
BRI R . AR R A 2 RS R
AR Z W AR, BT T E AR S KD EE.
HIaethvoE 17 HA BRI IT W O HTSEAR .
{HIX LG YT VAR B 2 . Fils AR T AR EVF
% Jey PR, 3 a) R 75 3 — 2D A SN AR

ARILERIR T A B 2 2 5
R FE R LA, 3G EMTAI TMES S 2. (H2,
PO X — AR IR IR o 1 g i 5 4%
HR S BSOS E T AR AR T
JIE, ¥ RRIHTR YT KSR L E S

SE 3 Hk (References)

[1] SIEGEL R L, MILLER K D, WAGLE N S, et al. Cancer statis-
tics, 2023 [J]. CA Cancer J Clin, 2023, 73(1): 17-48.

[2] XUY, LIU W, LONG Z, et al. Mortality and years of life lost due
to pancreatic cancer in China, its provinces, urban and rural areas
from 2005 to 2020: results from the national mortality surveil-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

lance system [J]. BMC Cancer, 2023, 23(1): 893.
MONTEMAGNO C, CASSIM S, DE LEIRIS N, et al. Pancreatic
ductal adenocarcinoma: the dawn of the Era of nuclear medicine
[J]? Int ] Mol Sci, 2021, 22(12): 6413.

GUAY K P, KE H, CANNIFF N P, et al. ER chaperones use a
protein folding and quality control glyco-code [J]. Mol Cell,
2023, 83(24): 4524-37,¢5.

WANG Y, CHEN H. Protein glycosylation alterations in hepato-
cellular carcinoma: function and clinical implications [J]. Onco-
gene, 2023, 42(24): 1970-9.

WANG M, ZHU J, LUBMAN D M, et al. Aberrant glycosylation
and cancer biomarker discovery: a promising and thorny journey
[J]. Clin Chem Lab Med, 2019, 57(4): 407-16.

THOMAS D, RATHINAVEL A K, RADHAKRISHNAN P. Al-
tered glycosylation in cancer: a promising target for biomarkers
and therapeutics [J]. Biochim Biophys Acta Rev Cancer, 2021,
1875(1): 188464.

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): 729-49.

BUSTOS N A, RIBBECK K, WAGNER C E. The role of muco-
sal barriers in disease progression and transmission [J]. Adv Drug
Deliver Rev, 2023, 200: 115008.

LUO G, JIN K, DENG S, et al. Roles of CA19-9 in pancreatic
cancer: biomarker, predictor and promoter [J]. Biochim Biophys
Acta Rev Cancer, 2021, 1875(2): 188409.

WANG Y, CHEN W, ZHANG W, et al. Desialylation of O-glycans
on glycoprotein Iba drives receptor signaling and platelet clear-
ance [J]. Haematologica, 2021, 106(1): 220-9.

TOUSTOU C, WALET-BALIEU M L, KIEFER-MEYER M C,
et al. Towards understanding the extensive diversity of protein N-
glycan structures in eukaryotes [J]. Biol Rev Camb Philos Soc,
2022, 97(2): 732-48.

DANIELS R, KUROWSKI B, JOHNSON A E, et al. N-linked
glycans direct the cotranslational folding pathway of influenza
hemagglutinin [J]. Mol Cell, 2003, 11(1): 79-90.

HIRATA T, KIZUKA Y. N-glycosylation [J]. Adv Exp Med Biol,
2021, 1325: 3-24.

CHUNG C Y, MAJEWSKA N I, WANG Q, et al. SnapShot: N-
glycosylation processing pathways across kingdoms [J]. Cell,
2017, 171(1): 258.

MOHANTY S, CHAUDHARY B P, ZOETEWEY D. Structural
insight into the mechanism of N-linked glycosylation by oligo-
saccharyltransferase [J]. Biomolecules, 2020, 10(4): 624.
RADOVANI B, GUDELJ I. N-glycosylation and inflammation;
the Not-So-Sweet relation [J]. Front Immunol, 2022, 13: 893365.
ESMAIL S, MANOLSON M F. Advances in understanding N-
glycosylation structure, function, and regulation in health and
disease [J]. Eur J Cell Biol, 2021, 100(7/8): 151186.

SAHA A, BELLO D, FERNANDEZ-TEJADA A. Advances in
chemical probing of protein O-GlcNAc glycosylation: struc-
tural role and molecular mechanisms [J]. Chem Soc Rev, 2021,
50(18): 10451-85.

DOS PASSOS JUNIOR R R, BOMFIM G F, GIACHINI F R, et
al. O-linked B-N-acetylglucosamine modification: linking hyper-
tension and the immune system [J]. Front Immunol, 2022, 13:
852115.



B4 O TR e B R e R P RO E A

1281

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

LAM C,LOW JY, TRAN P T, et al. The hexosamine biosynthet-
ic pathway and cancer: current knowledge and future therapeutic
strategies [J]. Cancer Lett, 2021, 503: 11-8.

HINSHAW D C, BENAVIDES G A, METGE B J, et al. Hedge-
hog signaling regulates Treg to Th17 conversion through meta-
bolic rewiring in breast cancer [J]. Cancer Immunol Res, 2023,
11(5): 687-702.

GILL D J, CLAUSEN H, BARD F. Location, location, location:
new insights into O-GalNAc protein glycosylation [J]. Trends
Cell Biol, 2011, 21(3): 149-58.

LIU L, ZHU H, LIU L, et al. O-glycopeptide truncation strategy
for heterogeneous O-GalNAc glycoproteomics characterization
[J]. Anal Chem, 2023, 95(26): 10017-24.

SHUOKER B, PICHLER M J, JIN C, et al. Sialidases and fu-
cosidases of Akkermansia muciniphila are crucial for growth on
mucin and nutrient sharing with mucus-associated gut bacteria [J].
Nat Commun, 2023, 14(1): 1833.

MAGALHAES A, DUARTE H O, REIS C A. The role of O-
glycosylation in human disease [J]. Mol Aspects Med, 2021, 79:
100964.

GONZALEZ-RAMIREZ A M, GROSSO A S, YANG Z, et
al. Structural basis for the synthesis of the core 1 structure by
C1GalT1 [J]. Nat Commun, 2022, 13(1): 2398.
SANZ-MARTINEZ I, PEREIRA S, MERINO P, et al. Molecular
recognition of GalNAc in mucin-type O-glycosylation [J]. Ac-
counts Chem Res, 2023, 56(5): 548-60.

YANG K S, CIPRANI D, O’SHEA A, et al. Extracellular vesicle
analysis allows for identification of invasive IPMN [J]. Gastroen-
terology, 2021, 160(4): 1345-58,el11.

AN Y F, PU N, JIA J B, et al. Therapeutic advances targeting
tumor angiogenesis in pancreatic cancer: current dilemmas and
future directions [J]. Biochim Biophys Acta Rev Cancer, 2023,
1878(5): 188958.

MANESHI P, MASON J, DONGRE M, et al. Targeting tumor-
stromal interactions in pancreatic cancer: impact of collagens and
mechanical traits [J]. Front Cell Dev Biol, 2021, 9: 787485.

MA H, CHEN X, MO S, et al. Targeting N-glycosylation of
4F2hc mediated by glycosyltransferase B3GNT3 sensitizes fer-
roptosis of pancreatic ductal adenocarcinoma [J]. Cell Death Dif-
fer, 2023, 30(8): 1988-2004.

CHEN Y, SU L, HUANG C, et al. Galactosyltransferase
B4GALT! confers chemoresistance in pancreatic ductal adeno-
carcinomas by upregulating N-linked glycosylation of CDK 117"
[J]. Cancer Lett, 2021, 500: 228-43.

WOLFE A L, ZHOU Q, TOSKA E, et al. UDP-glucose pyro-
phosphorylase 2, a regulator of glycogen synthesis and glycosyl-
ation, is critical for pancreatic cancer growth [J]. Proc Natl Acad
Sci USA, 2021, 118(31): €2103592118.

HUANG H, PAN R, ZHAO'Y, et al. L3MBTL2-mediated CGA
transcriptional suppression promotes pancreatic cancer progres-
sion through modulating autophagy [J]. iScience, 2022, 25(5):
104249.

LIDSTROM T, CUMMING J, GAUR R, et al. Extracellular ga-
lectin 4 drives immune evasion and promotes T-cell apoptosis in
pancreatic cancer [J]. Cancer Immunol Res, 2023, 11(1): 72-92.
YANG J, LIU Y, LIU S. The role of epithelial-mesenchymal
transition and autophagy in pancreatic ductal adenocarcinoma

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

invasion [J]. Cell Death Dis, 2023, 14(8): 506.

HOLST S, BELO A I, GIOVANNETTI E, et al. Profiling of
different pancreatic cancer cells used as models for metastatic
behaviour shows large variation in their N-glycosylation [J]. Sci
Rep, 2017, 7(1): 16623.

ZHANG X. Alterations of Golgi structural proteins and glycosyl-
ation defects in cancer [J]. Front Cell Dev Biol, 2021, 9: 665289.
BRITAIN C M, BHALERAO N, SILVA A D, et al. Glycosyl-
transferase ST6Gal-I promotes the epithelial to mesenchymal
transition in pancreatic cancer cells [J]. J Biol Chem, 2021, 296:
100034.

BHALERAO N, CHAKRABORTY A, MARCIEL M P, et al.
ST6GALL sialyltransferase promotes acinar to ductal metaplasia
and pancreatic cancer progression [J]. JCI Insight, 2023, 8(19):
e161563.

TADA K, OHTA M, HIDANO S, et al. Fucosyltransferase 8
plays a crucial role in the invasion and metastasis of pancreatic
ductal adenocarcinoma [J]. Surg Today, 2020, 50(7): 767-77.
WATANABE K, OHTA M, YADA K, et al. Fucosylation is asso-
ciated with the malignant transformation of intraductal papillary
mucinous neoplasms: a lectin microarray-based study [J]. Surg
Today, 2016, 46(10): 1217-23.

WUCC,LUY T, YEH T S, et al. Identification of fucosylated
SERPINAI as a novel plasma marker for pancreatic cancer using
lectin affinity capture coupled with iTRAQ-based quantitative
glycoproteomics [J]. Int J Mol Sci, 2021, 22(11): 6079.
CRAMER D A T, FRANC V, CAVAL T, et al. Charting the
proteoform landscape of serum proteins in individual donors by
high-resolution native mass spectrometry [J]. Anal Chem, 2022,
94(37): 12732-41.

TANG H, SINGH S, PARTYKA K, et al. Glycan motif profiling
reveals plasma sialyl-lewis x elevations in pancreatic cancers that
are negative for sialyl-lewis A [J]. Mol Cell Proteomics, 2015,
14(5): 1323-33.

BASSAGANAS S, ALLENDE H, COBLER L, et al. Inflamma-
tory cytokines regulate the expression of glycosyltransferases in-
volved in the biosynthesis of tumor-associated sialylated glycans
in pancreatic cancer cell lines [J]. Cytokine, 2015, 75(1): 197-
206.

RODRIGUEZ E, BOELAARS K, BROWN K, et al. Sialic acids
in pancreatic cancer cells drive tumour-associated macrophage
differentiation via the Siglec receptors Siglec-7 and Siglec-9 [J].
Nat Commun, 2021, 12(1): 1270.

HE X F, HU X, WEN G J, et al. O-GlcNAcylation in cancer
development and immunotherapy [J]. Cancer Lett, 2023, 566:
216258.

GARG B, GIRI B, MAJUMDER K, et al. Modulation of post-
translational modifications in B-catenin and LRP6 inhibits Wnt
signaling pathway in pancreatic cancer [J]. Cancer Lett, 2017,
388: 64-72.

HE X, L1Y, CHEN Q, et al. O-GlcNAcylation and stablization
of SIRT7 promote pancreatic cancer progression by blocking the
SIRT7-REGy interaction [J]. Cell Death Differ, 2022, 29(10):
1970-81.

YANG C, HU J F, ZHAN Q, et al. SHCBP1 interacting with
EOGT enhances O-GlcNAcylation of NOTCHI1 and promotes

the development of pancreatic cancer [J]. Genomics, 2021,



1282

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

113(2): 827-42.

ZHANG HR, LITJ, YU X J, et al. The GFPT2-O-GlcNAcyla-
tion-YBX1 axis promotes IL-18 secretion to regulate the tumor
immune microenvironment in pancreatic cancer [J]. Cell Death
Dis, 2024, 15(4): 244.

KAUR S, KUMAR S, MOMI N, et al. Mucins in pancreatic can-
cer and its microenvironment [J]. Nat Rev Gastroenterol Hepatol,
2013, 10(10): 607-20.

GUPTA R, LEON F, THOMPSON C M, et al. Global analysis of
human glycosyltransferases reveals novel targets for pancreatic
cancer pathogenesis [J]. Br J Cancer, 2020, 122(11): 1661-72.
KUO T C, WU M H, YANG S H, et al. CIGALT1 high expres-
sion is associated with poor survival of patients with pancreatic
ductal adenocarcinoma and promotes cell invasiveness through
integrin o, [J]. Oncogene, 2021, 40(7): 1242-54.

HOFMANN B T, SCHLUTER L, LANGE P, et al. COSMC
knockdown mediated aberrant O-glycosylation promotes onco-
genic properties in pancreatic cancer [J]. Mol Cancer, 2015, 14:
109.

LEON F, SESHACHARYULU P, NIMMAKAYALA R K, et
al. Reduction in O-glycome induces differentially glycosylated
CD44 to promote stemness and metastasis in pancreatic cancer [J].
Oncogene, 2022, 41(1): 57-71.

SAGAR S, LEIPHRAKPAM P D, THOMAS D, et al. MUC4
enhances gemcitabine resistance and malignant behaviour in pan-
creatic cancer cells expressing cancer-associated short O-glycans
[J]. Cancer Lett, 2021, 503: 91-102.

MARIMUTHU S, LAKSHMANAN I, MUNIYAN S, et al.
MUCI16 promotes liver metastasis of pancreatic ductal adenocar-
cinoma by upregulating NRP2-associated cell adhesion [J]. Mol
Cancer Res, 2022, 20(8): 1208-21.

ZHANG J, WANG H, WU J, et al. GALNT1 enhances malignant
phenotype of gastric cancer via modulating CD44 glycosylation
to activate the Wnt/B-catenin signaling pathway [J]. Int J Biol
Sci, 2022, 18(16): 6068-83.

PAI P, RACHAGANI S, LAKSHMANAN 1, et al. The canonical
Wnt pathway regulates the metastasis-promoting mucin MUC4
in pancreatic ductal adenocarcinoma [J]. Mol Oncol, 2016, 10(2):
224-39.

KIM G E, BAE H I, PARK H U, et al. Aberrant expression of
MUCSAC and MUC6 gastric mucins and sialyl Tn antigen in
intraepithelial neoplasms of the pancreas [J]. Gastroenterology,
2002, 123(4): 1052-60.

THOMAS D, SAGAR S, CAFFREY T, et al. Truncated O-glycans
promote epithelial-to-mesenchymal transition and stemness
properties of pancreatic cancer cells [J]. J Cell Mol Med, 2019,

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

23(10): 6885-96.

ZHANG S, ZHANG X, YANG H, et al. Hurdle or thruster: glu-
cose metabolism of T cells in anti-tumour immunity [J]. Biochim
Biophys Acta Rev Cancer, 2024, 1879(1): 189022.

HEARD A, LANDMANN J H, HANSEN A R, et al. Antigen
glycosylation regulates efficacy of CAR T cells targeting CD19
[J]. Nat Commun, 2022, 13(1): 3367.

GRECO B, MALACARNE V, DE GIRARDI F, et al. Disrupt-
ing N-glycan expression on tumor cells boosts chimeric antigen
receptor T cell efficacy against solid malignancies [J]. Sci Transl
Med, 2022, 14(628): eabg3072.

SUN L, ZHANG Y, LI W, et al. Mucin glycans: a target for can-
cer therapy [J]. Molecules, 2023, 28(20): 7003.

HONG Y, WALLING B L, KIM H R, et al. ST3GALI and BII-
spectrin pathways control CAR T cell migration to target tumors
[J]. Nat Immunol, 2023, 24(6): 1007-19.

MCKENNA M K, OZCAN A, BRENNER D, et al. Novel banana
lectin CAR-T cells to target pancreatic tumors and tumor-associ-
ated stroma [J]. J Immunother Cancer, 2023, 11(1): e005891.
SHARMA S K, MACK K N, PIERSIGILLI A, et al. ImmunoPET
of ovarian and pancreatic cancer with AR9.6, a novel MUCI16-
targeted therapeutic antibody [J]. Clin Cancer Res, 2022, 28(5):
948-59.

BRETZ N, NOSKE A, KELLER S, et al. CD24 promotes tumor
cell invasion by suppressing tissue factor pathway inhibitor-2
(TFPI-2) in a c-Src-dependent fashion [J]. Clin Cancer Res,
2012, 29(1): 27-38.

STANCZAK M A, RODRIGUES MANTUANO N, KIRCH-
HAMMER N, et al. Targeting cancer glycosylation repolarizes
tumor-associated macrophages allowing effective immune check-
point blockade [J]. Sci Transl Med, 2022, 14(669): eabj1270.
BOELAARS K, RODRIGUEZ E, HUINEN Z R, et al. Pancreat-
ic cancer-associated fibroblasts modulate macrophage differentia-
tion via sialic acid-Siglec interactions [J]. Commun Biol, 2024,
7(1): 430.

LEVINK IJ M, KLATTE D C F, HANNA-SAWIRES R G, et al.
Longitudinal changes of serum protein N-glycan levels for earlier
detection of pancreatic cancer in high-risk individuals [J]. Pan-
creatology, 2022, 22(4): 497-506.

MCDOWELL C T, KLAMER Z, HALL J, et al. Imaging mass
spectrometry and lectin analysis of N-linked glycans in carbo-
hydrate antigen-defined pancreatic cancer tissues [J]. Mol Cell
Proteomics, 2021, 20: 100012.

CHOLI Y, PARK U, KOO H J, et al. Exosome-mediated diagnosis
of pancreatic cancer using lectin-conjugated nanoparticles bound
to selective glycans [J]. Biosens Bioelectron, 2021, 177: 112980.



