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Research advances in abnormal glycosylation of proteins in glioma
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Abstract: Glycosylation modification of proteins is a common type of post—translational modification that affects the func-
tion of more than half of known eukaryotic proteins. Abnormal glycosylation of proteins is a common feature of malignant tu-
mors and often leads to abnormalities in the structure and content of glycolipids and glycoproteins in a variety of ways such
as gene mutations in glycoproteins, changes in nucleotide sugar donors, and abnormal expression or localization of glycosyl-
transferases, which in turn lead to abnormal protein function and help promote the malignant progression of cancer. Due to
the high malignancy and poor prognosis of glioma, it is urgent to search for key molecular events in the malignant progres-
sion of glioma. Numerous studies have shown that abnormal glycosylation of proteins plays a crucial role in the development,
progression, and poor prognosis of glioma, while glycation associated with glioma has been extensively studied in early diag-
nosis and treatment. Therefore, this article mainly introduces three forms of glioma-associated glycosylation, i.e., N-linked
elycosylation, O-linked glycosylation, and glycosylphosphatidyl inositol (GPI) anchor, elaborates on their mechanisms of
occurrence and specific mechanisms of action, and explores the clinical potential of abnormal glycosylation in the identifica-
tion and treatment of glioma, so as to provide a theoretical basis for addressing the current situation of the poor prognosis of
glioma. [Journal of International Neurology and Neurosurgery, 2023, 50(1): 69-741]
Keywords: glioma; abnormal glycosylation; glycosyltransferase; glycosylphosphatidyl inositol anchor; post—translational
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G2 5 3 R 1T 2 M o 4 L ) P B, 2 A A
2 Z G i W JE R M IR, WHO IV 28 0% JiE 593 4%
TR A B8 B 21 i 98 ( Glioblastoma, GBM) , Wt Al =5 , Tl
a2, A W AL EE AU 9~ 151 H L 5 4R (75 5
I8F 5% mFMIRgREIR i E Rk 5 IEE
202 2 (R AR, BR G 5 8 & 2 7 A AT i 2y
IRYT BRI AL

TESE A BT AW & i #2 vp, IR T 2ok 5 4% i i
B AL 2 H X LA T 0 o R PR A S B A
1 BB SAL 250 O O— 2l Ak RN N— 1% 42 Ak
UL S W L% R Bk LB ( Glycosylphosphatidyl inositol, GPI)
B 3, MR A % 4 A BN AN W] S0 R A A
MY PR Ak, N HE AL AT O MBI 55 ol B AL il il 2
Al B OB BE AN I 00 B, AT MR E B . R

A 1 8 2 T e P A S DR R TR SRR AR )
B FRME SR 2 A BRI RS i ) 2 18 BUE (2 1Y
S A 22 TP 7 AORSEBLRY , 3 2 S BON- M 23 S0
O— SRl FE RGN L GPI-li i 57 LA S A i e 6 T 2 B e
TERAL AU BRI R S 45 1, e X P BT ARG
IIRES RS . SRS S TR R AR | M
Az L B AT T 24 56 22 Ao R B AR, BN J2 45 A
SRR B0 R AE AR S A A T BIF 5 3 W) LA 2% R R P Y
1 21K 5 RE R TS BRI SC, 1E Ik PRI2 W bR 5 4 SR
Bz

AL PR 5 TR A SR S AL (R 1), 4R
b S W R AR AS D AN IR I SRS el R T, DL
TE SR B A A A 5T RS Wi S R 2y
PIT R AR BRI T 19 K e b TR ) o

*1 ERRBHEXNREEENLER
AL KR 2% AT EIKA
N-#E & 445 Bl GnT-V.GnT-111 .FUTS .GLT8D1
N-if B4 A AL vl PR AR AR ST3GALL
N-2% 3 M AL R SSEA-1.A2G2F
O-#E K 45 B POFUT1 ,POFUT2
O—3 248 K AL 0-GleNAc F 48 % 1L OGT
0-GalNAc 4 T 1 Muc
GPI-%4 % MMP .uPAR

1 SEN-EERELSRRE

N—JEHRH AL T B2 S0 5 22 JICHE R 2 T 5 B 114
M i e, KER A1 00T HAE AL S B [ 1 = R
FRIEFP 91 (R A BEIE -X - 22 AR/ R IR ) , N-1E He kAL
FE R A 43 WA B Bl I B 1, 32 B s R R AR
BT P AT AN T . N-JE R LA 1B 1 52 31— 2R 51l A
R RO B, 2 5 2 HE WA 72,
AT IR A LA R A0 - A0 B AR AR R
TR, DL N RS Tl A S L v B 0 S N-2R
IR A S PR A
1.1 N-HEERBES 50

U2 S5 9 32E Je v i AL ) R T R il 2 A0 B-1, 6
N— 7. P 78] 4 e 2 7 B2 T V (N—acetylglucosaminyltransfer-
ase V, GnT-V)  N—Z [k 4 b i 3 7% 4 8 111 (N-acetylglu-
cosaminyltransferase 11, GnT-1I1) .a—1, 6— 7 P FL AL T2
fif} (Fucosyltransferase 8, FUTS) LA Kt 4 B2 i 8 435 #a 3ok
1 (Glycosyltransferase 8 domain containing 1, GLT8D1)",
GnT-V i H 50 1T £ Bt 22 56 75 49 WE 4% F2 1 5 (Mannoside
acetyl-glucosaminyltransferase 5, MGATS ) XKl 415 , 7£ %
JT9R 2 e AN LR rh SR B I, O w uE W R e A0 i
B 2R bR Al (R 2R A R A I TR AT v 3t
FeIKk MGATS KL T S0 B Jry Kbk 268 B o 2 0 fok g 240 =

Zeshn' . e R T 4 Y (glioblastoma stem cells, GSCs)
BN A I GBM i 2 i & 2R R R DL RO sy Y B
i 25 4 T B [ K, GSCs Y MGATS FE D 5748 1 )
N-SRWE(B-1,6) 1953 32, Pl AH G b Bz -] B i Ak 2 1 )
FEAk a0 A A AR (AT RS R AR RE . G T3
it B-1, 4-FEEME AL GleNAc—i% 422 51 N- BB 4% 0 1 58
B b BN R AT DARE B OnT-V , AT A Bl T30 s 5 %
FUTS i A A% O 55 o B4, FUTS 85 14 78 I8 3o vh 23k
BT, 33 S {2 B0 e 4 S TR O, A T U A T
LR FUTS (14 3 3K BE 0 i e o6 4 i 9 A6 4G 1R 28 AT
B UL B 3aon 1 Ay 7 Ut . GLT8D 76 Jie I 41 41
1) 2 35 AHAEE 90 ) A 4 00 3 e v T) Ao L 3Rk 1 e i v
ST RN R [F] GBM 4 &R AR B 5 5y — I g b &
L, GLT8D1 i ixf N— 3% H2 W 5L Ak A A 3 8 1 o (o] 40 B
Y BE T B 1 CD133 B f#% , GLT8D1/CD133/Wnt/B - % ¥
B AE S PR R TUR h R A EEMER, GLT8D1 %
PR T B3 012 108 200 6 0 301 BELYAE A6 G2/M 38, 4 E 2 i o -,
LG AEAR SN GSCs 1 A F- T, I il i 9 /> B
TR r ) Bl A K AT AR R ARV TE IR TR A
1.2 BB HEXE GRS

Ve Y T o — P BEURE , 3 A SAHRE A 1 MR 1) K O
BRILPONEE R, 1] S 5V 2 Al B, Q0 G e 1 A 20
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85 B, T o bR i AR D RO IR B e RS T e . b
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PN Ay g b 2 ) B 2 A5 30 0 U A Sty N— SR Il YA 7
AT «-2, 3-8 -2, 6-FEHEAE 1A PN IR 15 AR S A B A
LR, 02, 6% HEMER TR T PR AIRRE BT i A28 , 5 e
J5 96 200 ) A A AR AR DG [8] I J JB00RE o2, 6- M YA TR
SRRSO W TT LA T B TS . a2, 3- 35 R MRV R 1]
AR A 6 240 A2 22 L =2, 3 VR s B i L AT ST3 B2
FLBE -2, 3-F % 0 1 (ST3 beta-galactoside alpha—
2, 3-sialyltransferase 1, ST3GAL1 ) FE A B9 B I dE GBM 41
ML BA B R EHRE T, 40 R A BIE I AT PURE /)N B
4 A= 77 I 18], H ST3GALL 5 Ji¢ 5t 988 A & 19 A R Tl
A
1.3 RREHEXHEREELNT

EHEALR A O A B IR S T R 2
WENE O—ZRME \N- SR 22 IS I % AR 10 WA A, 1
WS 5 2RI Y KA R . B BORR S M IR R P 1
(stage-specific embryonic antigen 1, SSEA-1) /& —F &4
R B OB DT B GBM FR I R 2L 40 v ] &G i 5]
SSEA-1 f 4 , BiiA J /& GSCs AR &' 7. 1 —T 53k
N-EHEFEME RO BIE T rh ¢ IR, B AR A 45 ) TIF Bl
& it A2(phospholipase A2 group ITIF, A2G2F)7E GBM Fr i
FIRIKTFH BT A2G2F AL 5 BRI A AE | It SL35E
RS GBM AN &, H R AWM, X R
A2G2F ZER A7 TR EE
2 BREO-EEBELSRRE

W 22 F IR B N E R B R BB A L i B A T &
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(N-acetylglucosamine , GleNAc) . O-3% % N- Z [ FLAH
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T JBTIR 0 A e B 4s T s vh e 4 s S AR
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AR 2 BRI T U NOTCHI 2635 , 3% F GBM 1Y i 2
ZeVEFA 4y B POFUT 76 5 098 400 il 2 rh g e 5 v

VIR E i 98 B 34 58 AR 28 3B S 5 1 POFUT2 $E [ 76 T
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RO S 2 R O e LA B e, B AR
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PR R OB 2 — R A R
(0-GleNAc transferase, OGT) M B—N-Z Bt & 3 & BT i
PENT, R RS SO (3G B AR 2 AT 24 DA K A0 AR i
WEEH L > B &8, GBM A 4Uh Kk
88 K19 OGT H1 O-GleNAc B34k , OGT 38 1o 52 i
A0 i ] 30 R AR 8 M B 5 (eyelin-dependent kinase 5,
CDKS) X 2, Wk % il A 25 % i 2 (acetyl-CoA synthetase 2,
ACSS2) (AR 1R Ak, , 325 1 81 1 1 2 e A0 P 2 Pk %l il A

BT AR I, F TR SR 1 A K RN A I e B AR T R AR

WHFIAR R4 B, 3% % T OGT 4 51 GBM FE44 A Fi A4
B AR B E S, L OGT B CDKS A HE 55 (1) 25 9y v] 7E 14
AN GBM, 3% 0.3 Wik 72 02 GBM A= K i b 75 14, ]
REJZIBIT GBM HUTEAEIGI T #L WIA, 26 R U T 4%
Folt 28 23 {1 98 40 9 b 0 %€ 21 Hippo 3 8% 2% 4 0 20 i
O-GleNAc #SEEAb 14 55 38 i, o7 BB 1 Hippo i % B 2
VB 22 0 240 i A7 538 % (10 Wnt .\ TGF—-B A1 NOTCH)
A EAE A T IX —45 5, 3A Bh Tk |, I L Hippo
3 LA R OGT S J 2 W RITIGR T 7 AV A0 0 7
2.3 S5KBEHEX O-GalNAcEHET L

0-GalNAc # AL A1 B FR1E 3 2R 1 ALBE 310 18
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[ (Mucin, MUC) K % H 2 4> 43 Wb 85 11 5 51 (MUCL .
MUC4) B85 4R A R 5 (MUC2 \MUCSAC/B) . BT
& RS B RS , B5 BN B 1R 2 5 T I 08 A kL AR K
FAEIE G 5 WALk, (] It A Bl 1 0 TR e I 8 4 AR
A0 — 240 e A A R T SR L R — e R e
MUC4 & —Fh = B O- M AL 2 1, 76 GBM 41 g & RS Ul
F MUC4 3 235 , 1M1 H MUC4 (1) 5057 235591 T GBM 41
I P 15 = 22 R T R R R KR AR ) Rk Az
MUC4 875, $[5] MUC4 Fl EGRF A4 /)N Tt Bl A 52 56 FA AR
T GBM 4 fitd Ay 384 5 A= 28
3 GPI-&TE
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W 2 A R B B TR UL 2 . R P B e
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HERE gl T4 8 & A (Metalloproteinase s
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nase-type plasminogen activator receptor, uPAR) j& GPI-4
FE TR A Z I ALBY B ST UE B uPAR B 45 755 i TR 41 i 77
T GER DL AR ZR I BE T, &K P 1Y uPAR mRNA Rk 5
JEE B R T AL B0 GPI-MMP,uPAR/uPA £
BCIRST TR A
4 BERELERRBENRETS PRIERE D
4.1 KNS EERENERFERRRIE

52 T3 968 19 RS 12 WO T 40 0012 i R S e
TS IO , S RS I SO 30032 W v ) 19
Xt HHUS A EZ MM E . Cheray %7 TERFIE 15 37 2
A GBM 41 fifd 2 (U87 1l U251) , i it Tagman 1% 5 B 4 5]
I3 559 A HEIEAUAR DG R i R K7, RIS S5 IR =
78 AW T % B 1 L D AR DG L B, AT o T 7E A=
Yk S I BIF 5T ; Song 55 FERIF 5% vh & ST AL 2 28 46
00 PN A% 105 3R 1% (chemical exchange saturation trans-
fer MRI, CEST MRI) i] DLt i MUCT #5 S5 A0 Y 228 F2 J5E
SR G3AN ] B iR AT S, 29ROk H LS174T A UST 4
Z (10 M6 240 LA /N BRI I, CEST MRIRE A2 7R 1A
X5 IX W] CEST MRI AT REERAIE T — 2 AR
T3, T T JC R At 266 2 M B 10 AR B R 19 AN [
RN R R Ak H T 220 D 22 Fh HAB R B R W bR 5
TR B et M) GG TR R 5 L M VR TR Ak 25 e B o
PR ZEURH LG T i 0L W AR TR 7 Ak JE IR A 8 ) A S
B FAMEBTNAE L 7T B e — A M s Wik dn > R
Je H TR T2 W 32 SR EE A8 0 Jr vk L T i T A7 7E i
i Je B 2 A AR AR VR S B R AR S AR
WRBERLR LA B 1 BEAE R 455 00 05 U Bl 23 B RE 2 1 Y
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FEAR A W hR 3540 R G DN -5 6 5 IF 58 R IR 52 v Y
Ji& o AR AW T 2 1T e 25 258 535 I A G
WA, LA S50 PR SE PREs & 1 00 R A
4.2 REHREUSKEERTHER

B ) S LR B B BEE RN (E, D EOA
Y7 T T it £ 28 7 5 SR8 ) 4t L RN 2 P S A i B L
ST 4% Fh L DA B R U microRNA G 7 2R A 28 2% R 42 M
ARBR A i A S A T SO R T =K

Putthisen 255 B 5Y &% B0, 5 115 358 42 2% 11( Maack-
ia amurensis lectin—1T1, MAL-ID) &5 & 1Y -2, 3—HE W 2 1k
F B (alpha2, 3-sialylated glycan, MAL-SG) 7 GSCs "' 5
ik, MAL-IL3E 5 5 5 GSCs 1 41 it J& 101 BEL 7S A g 7=, 4
il GBM 2037 g FERAATE 1, 24 FH W Y30 2 e o 410 o) )
DAY GBS TN ER VR 25 B VRISV S s e i
MAL-SG AT B/ GSCs FYTEAER A P MR THE AL, T E /Y
500 40 MAL-IL, AT RE 7R R ok F T I TR 1) 1l RYR T
JI5E G 96 W VAL PN MR AR PR 45 B e BR B IR BE4E R (sialic—
acid-binding immunoglobulin-like lectins, SIGLECs) Z [a] {1}

AR ELAE PR 18 S 3 410 ) M B B I55  141) 583 B I e e ey 7
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AE , M R RETA 19 2 1 o /1 2 W R 25 Wik R 40
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24 0 I JOJRE O T 36 7 SRS o A I S5 R 22 Al Y 4t
S, B S X MOMT Ji3 ) 1Al FH 64k GBMARYT B9 74K
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(chimeric antigen receptor, CAR) 118 5 1 28 AV Jhy 3 )
PDPN fRE PP , K CAR e 514 T 240 i 5 31 etk
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