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Abstract: There exist significant changes in glycosyltransferase expression during tumorigenesis, which leads
to the unique sugar chain structural characteristics of glycoproteins on the surface of tumor cells compared to
normal cells, namely highly truncated sugar chains. These aberrant glycosylated products are called tumor-
associated carbohydrate antigens (tumor-associated carbone antigens, TACAs). As an important molecular marker
of malignant tumors, TACAs not only participate in the regulation of tumor occurrence, development, invasion and
metastasis of tumors, but also play a key role in tumor immune escape. Thus, targeting abnormally glycosylated
proteins or peptides on tumors have become one of most important anti-tumor drug development strategies.
However, it is difficult to isolate glycoproteins from natural sources, and it is still challenging to synthesize
complex glycoproteins or glycopeptides by chemical methods. This review summarizes the progress of
glycopeptide anti-tumor vaccine synthesized by chemical methods in recent years, in order to provide theoretical
basis and technical reference for the research and development of glycopeptide anti-tumor vaccine in the future.
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WF AR T R TT BARE — E R L OGE T EHEW
A AF 2R ABAEAEAT i 249 1% 25 BIE R DA KR B R %
S e R, PR R 08 SRS AR m) iR L BIE A/ B
T YR T RS B 1 AR I A ) S ). A
oK, FEhE IR S TR AR IR FUESE 7B A 24k, e
L, TR AR S HTE (tumor-associated antigen, TAASs)
B0 VR 7 R MG 4% 52 97 E . TAAs 2 i J8g 41 g 35 T %
W e MR IR B BUR 4 1, B S R GEIR ) I
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P28 T A DLFT B R 8 TAA BT 52 1% 91 15 S K27
FR) I I 2 IS I, AR i) e W O e e 2 i, ] T R A
R RS BB LA K AT ) T R SRR B, TRk
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W28 7 PR 988 g5 AL 1) E T 0 e i W kA
Jib 988 A0 < 4 PT JR (tumor-associated carbone antigens,
TACAs) FIRES PR o B 5T 000 2 b =2 f B 2
B A B PR J5 & (protein post-translational modifica-
tions, PTMs) 2 —, 1] DA AR 75 8 153 A= v A BA A AT AT
B B o E 5T ek e o R A, HG b e A (8
3 5 8 O 5 0 8 S IR AN RS =R IR 2 I N, FF &
St — 0 AR Ak, B 2T B0 RS A 4 i A
P o AR S A ] 2 b A B O R (1 G A Y
B, 7 T8 40 B A 22 T HS S o B A X — L BRRAE
Jie 28 4 B 4 0k 2R — S e A DA B AR i M YA R A
MW, 32 SR 9 M Y R Lewis 45 74 I 3G 0 A% O
PR AL S ON-BE SRR B R AL O-FF . Tn it
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BN T A IE B S 0 Ak B B B B mT DU R e
HIHE bR, 152 A R A B SO0 1 56 B B 2 1 9 T I
EREARIAL . Bk, I8 0 70R BE KA A — M
MG RTTR . R, IR FERE, BRI & Rl
A B HA B, OB R B BRI A BRI AL 2
PG . FE, BT RERDURE T B 5P, A7 0%
Jor A 55 R B R, R S R A G S g U A ) B
R e e B 2 SR, 2 HE LA 77 AR v SR AN D ) 1gG Bt
PRI, AR SO I A SR FE N D3 A v R R Bk L HE
HEA 2B BORE IR B0 MR 2 P i 7 THD P B A 1 S 3
JE A — TR EE LR

1 BB XEmR

TACAs & 5 T I8 4 B 7 55 W 5 Ak ML i) T o 11
R o AR A, E N 4t i bt 0k, vT A T X
43 e 3 401 i R0 I A0 PR, 48 O TR E G 5 T R A
FLIE T (IR R BE 5 2 — 1 IRIEE WA, B AT
AR TACAs EZE /3 AW O HEAPUE: £
553 A (mucin) #5815 aO-Ser/Thr &4 1) Tn$it
Ji . Thomsen-Friendreich (TF) $§ J& A1 I ¥4 2 -Tn(sTn)
PR DL A AR S 1 LR (prostate-specific
membrane antigen, PSMA)™"'; @ #E g HU R : & 5 &
Tk Fie g I 32 2 8 ok g 7 A LA PRl 7 40 i 2 T 1)
R AUZ EEIRER A . BEAR AT LLRE— 2543 N LA
K WA NE (ganglioside, G) 2§, il GD2.GD3
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TR R A, ORI 2 T O-BE ALK
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) PSMA, 1l MUCT 7 Jif & 14 1 % 7 v g H i)z
A AE MUC A VF 2212 W A5 9% 16 7 S R 7 v
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Figure 1 Structures of major glycopeptide antigens. A: Structure of MUC1 on normal cells/cancer cells; B: Structure of PSMA. MUCI:

Mucin 1; PSMA: Prostate-specific membrane antigen
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APC I T.J5 5 MHC 70 7 45 45, ¥4 TACAs 23645 T4
J, 7= A LS S, O T 40, R 7R AR SR A
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P2 1 ] AR 55 800k B O B K TACAs #U & 5k Y
(AN ) 70 R SR AR 1 BRI R B B R 2 e i .
o LR AN B — PP 2R AL TACAS, BN IR 2%
EH VMR B TACA, Z MR H & A LR A [F S5 AL
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5 H AR B AR A8 95 1Y 98 TACA (1 6 P2 J5 177,
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H ] Re2x 5l R 0T B B 19 Z S P I, X g I RE
FEAERCIA . ITAESR, CLATF R T S5 K B 1) A A R
AR TACAs AT AREE, 58T 4 A B fde (o i o 2 1
R A% Y ff 0L 1) S ST S R A B, AT 5 A 3 K T e g%
fim”é]o

B Ak, 38 R DASE ik 3 3 4 R0 S 8 AR G )3 B
P 5 N AT 5035 B 2 R o Toll B 3244 (toll like
receptor, TLR) ¥aN 772 H 7 B S )32 B 7], 3
FE IR A MG B8 DNA FIRNA, EE AL 6 45
JF B ) TLRs (TLR-1.2.4.5.6 1 10) 14 g 42T A
PR ) TLRs (TLR-3.78 F1 9)777), 7E B G 1 B %5
g FE e, TLR Bl 15 2 Dh6e . TLR 1 3 ZA4E H L
A NGRS S AL EKAS, TLR £3589 0 Y 2 40 B 1) 2% 1
P FP AL (32 Hir, JF 34 58 MHC-1 R MHC-T 43 T HI 37t
Ji 46 3R A HERT 55, AT (2 i3E APC R #ARN 41 A BR
k. [HRF, WG TLR & 7T S B 7 (W CD8o
FICD86) M [ i, X L& 535X T APC JH #4146 T 41
F o B B B SR F MUC B K 5 )
5 TLR3.TLR4. TLR7 38 7 F A B (1 5547 77 48 B
3B MUC ¥ Bk 2 1, BF 70 45 SRR W% 0% 1 e 0 1 2
PO BRR A . 8 B RTIR, TLR & —Fh 2 K s 52 1k,
A % e B9 iR A A OC 73 715 30 (pathogen-associated
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P AR, TR IOE E T R B AA B R

WA SR, G4 KA BHE B2 7 A5 R S T 55 43
JURE, BT EE )Tz B T DA R A R G T
FEH . GUORMEL O IE IR 6 FEE T ER
A SR B R R O S R S 1Y SR S G 9 R
[ de 3% AT, TR S VR IT AN KA R 32
IR A BREA A AN K B 3 B, AR A
A5 B K BURL AN IR AR SE . o, &g K Bk
(gold nanoparticles, AuNPs) H T H B A R &/~ K
TR A R 5 ) T i T RS o R 1) R o A P S
B ST 2 B T TR 9K BRI AN [ & ] LUK 41
It DAL 55 G 8 VR 4 A0 0 L 3o 06 B R S A, R
Ji R B A 58 S S A, I T LAVE R, @t S
PG 5 38 4 A 45 A SR B T g I B AR SR, &
IR T VE 2 35T 9K ORI B S T, RS2 T 4K

TURLAE R 28 W R M R % 5 5 0 1gG BU MR B, B9 T
4 H P, 51 SR IIR G S RIS g oK R I
P L T B T A TR 9 1, s b e g
G 5% S0 48 9 B

3 WEERAEERKRE

30 ETHHRECNERES £ 25
JUR 5 W 3 ER 4 TACA 21 MUCT H: Bk & 5 7 41
Ser F1 Thr 437 55 BT & BB K 5 248 & 5 (W0 TT.KLH
28 HATREL, BSERTYERS .

Shinefield 2" K¢ Tn F0 R A& 1 () MUCT 9% fik 15 1
N E R TTox 3 42 4 b Ak 1 (B 2A). 1k
WL, TTEBY N T2 M h. 481K, 5
TTox 15 156 A 78 B 75 BT A3 /1 R A BB 75 5 9 20 1) 4 8 I
N, Fe TR E AT R ik 1/100 000~1/200 000, [ i,
PUR S8 KR8 R A4 6w IR A TR X M 1
P /N REFERE BRI AT REPE . 3 BlHh, Gaidzik S50
WIF K T 5 TTox 1 EE K MUCT #¥ ik 22 1 (1K 2B), H
I MUCT BB B Tn HUR B0CE THURBM . 45 R KK,
AR AERNR P T T WS PR R, [F
X H AR 5 MCF-7 JLIR MR 4l iU &5 & . BAR
TTox &5 & 1 TR I AR B iE W B A 22 4 1k, 28T, 1%
A A REERAL X0 T RS 2 AL ER, A
EBEW RS RE S HILT . RIL, Cai ZPYF]
FH ok B TTox [ P4.P2. P30 ik {F A T 4 Bh 40 il % A7 5
MUCI Wi R HEAT MBS BB R R . &5 SRR, 5
P30 {5 % (1 B Jok o2 1 e ok e % 15 5 B A 1Y) S R
(E2C). B& TTox Z 4k, B 55 N AR F] F BSA 5 %
FRIEAT A IDE 1S BME IR 1, 45 AR 0, Pl v g
TE/N RN S R AT E (K 2D.E).
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oy 0 K 1 (B 2F) o 55 — AR 0% T A % #E 1) MUCI
(b k&AL, HERER F—REHTREES T &
IgG ¥ F5 , {H 1% 26 IfiL 75 %F 238 MUCT 1 8 20 B 11 18
RE BT % . MARATRILMUCT 12 C b % i
ARAR IR B, T4 AR B @ i MUCT K Ik 1)
Ciii 5 QpHEK. 45 REBW, ZEMIET T & eGPtk
W, S HHL S MR A 45 A e 1B, N T RE—
S B AR S R H TE BT T X3, At T8 46 £ MUCT
R T8 = AR . A REW, 5 = REHAUE S
1 1gG PUp i B2, H 5 MR gn i i &5 & fe ot T n
A H AT, UE A BR 25 R0 R I R AL AT B S m P
(RS
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A B
MUCI1 glycopeptide

.m Linker ~~PAHGVTSAPDTRPAPGSTAPPA

Tetanus

TTox-based glycopeptide vaccines

.m BTET)-~~PAHGVTSAPDTRPAPGSTAPPA

OH

Ho__ Py coon
0
AcHN
g, 0

MUCI1 glycopeptide

Tetanus 1 STn HO
Toxoid STn Toxoid Hogg\
STn
C MUCI glycopeptide AcHN
o)
R:
FNNFTVSFWLRVPKVSASHLE 3
} \N/\/O(\/\NN-HGVTSAPDTRPAPGSTAPPA o
P30(T helper epitope) H H Il{z EI{I R;/Ry/R3 = H/T/Tn/STn
&t HO, O}(I)H COOH
OH OH
HO 0}(1) HQ (OH o AcHN-Z 97N,
HO o} HO HO
OH  AcHN AcHN O
T Tn STn ™ AcHN

D )
MUCI glycopeptide

.m (BTIEY~~PAHGVTSAPDTRPAPGSTAPPA
BSA STn

MUCI1 glycopeptide

F
g N=NN
M ‘N3-AHGVTSAPDTRPAPGST*APP
=L 0

Bacteriophage Qf

MUCI1 glycopeptide

H N:NN
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