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PUPEA R BE . B, e 2006 2 i SR Ay e ml LA 3]
TR RS A e BR AR R BEAE K siglec-7 4 T HY
HARR O A i s, JFA B Tk G e 55
X LSRR I RO PGS IR A T o et 7E
REAEAE A AN HE S PR R BRI S 53

HT T A B0 ks 5 e A e DDA
K, SR BBEES T LN YIRS, 2

Wr . 2590A 97 DL R A U e 2 R TR TR R AR 25
A 30— S M TR ) RO 57 7 e 40 i B it s 3R
ik, XS BOK LS YIRALOE SN ARG
ik K 1k & ¥ i Jii (tumor-associated carbohydrate
antigens, TACAs) "', ] 5§ TACAs 41 % vy R b
FAMIFEEIRIR . ZRERIR . MW IR 1L ) bt
JE AN Globo H, A& 46 & W 3 1% 19 4 1 I GM,, .
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1, ABFERE RIS ZE A DA PuE T e TR O
FIAEARL SRME A I 45 40 AR B PR AN 2 10 )
LR AT RN A B AAE FICRA (A AR i
R, BREAE FR A AR AT S 2 o 1) v 3



2023; 50 (9

=%, % MERXBKLSWRENEREHR

+2133:

Jrbire BEAh, B SEESTIACR I PR AT e 2 A
I R R AR Z — . SRR 4T
A AP T IR A PR, TACAs YA R AL
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RETRBIIT A 0 A B —Se i R TR gt
1 B OE A i RIS P ] TR 7R AE , 140 GD,.
GD,. BZ IR Y BIBTIRSE ™, Bk AR K 1L
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WAL —ZERE S B AR TR S 5 i b
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i, RIS AR AR R I 2R A R )
e MFE—JSRMBCIR, ERCH R IB LSk
EarERE, RIRE BA 7B/ . RRE PR
FES . BT SR, N A AR PR 5
SEUA LI T ) BT

i THC K T8 T A KR AR I AR R g kA
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enrichment, SELEX) ffiyE3keG . FHA%RR SO
bR T e, S 2Rk Unaits, wid
F H 00 7 A0 [ A 5 ] A5 B e 2 e P R AT
THERR . S ZHEMKE, SELEX T4
PR T —FR AN T51 0, I A dd e Fr 51 P g
PRAR T e AL 77 1 s R a9 Pt . SELEX J7
EESCOREBET . BOPREAY . HRMPRL . T 555
T3 AT BACHE , (A AR A 5 e A S e R8O

. J5 SELEX MYl BLiARfLfLoemg, wnoyEk . e
7 A B e A e S ] T NI R S | AN
POV RE SRR A5 NI L RS T A R BT
BEE TR L, AN TR IR S
SELEX. #THLas: 2] fAY(E B2 T el DIk
TS /NV PR R A A E R, Bk ek
&5 SELEX T. S AEF[A] . AR F0n] 47 4 Jy T 119
KA

M T R RENE, plinmEfa et . A e
B ARBRA AR FAE YA, S BT DI A BE
LR PR, FHT TACASs ORI F1HE 7]
WU SRR SRR IR =22 IR A AR AN 25 B R AR B
YERA R, MBI F IS5 H h LT3 3
RIS B A0y, BRI T i KA R U Y A AR
M. HETE A M YZ0 TR T TACAS (945 Fh
WA, FFEAA pmol/L~nmol/L /K6 17, AR
SCRFIX 28 TACAs PR 318 BLARSEA T I g Fnsk 3, 4K
P SELEX & )7 i AR R 8, 43 3 ok i A7 45
W oa BEEF1ERIOAR; b, BRUTURIERAAE R
ABR; o M HESHUEAE AR .
3.1 HEESTIEAEIR

MEVR AR . SRR (poly-SA) . MEVRFR LAY M
SR, DL 281 g AR a7 o H AR
FAEM TACAs, ENTRZ AT LINEDIL &R TS
B LU SO R An,  BIVAT I8 A5 AR
FIERCA, 1 AH WA TACAs 254, 1 MRk
P TACAs & BCiA . 38 a3 SELEX J7 vk i ek Fl fs
SELEX 1 BeAAR LAk, 3 T 44 ) 1 £l i =5 5 21
(Kyp) AIiAEInmol/L /K, 7EAIEA . 2WiAna
JrH R T E RIS

Table 1 Representative TACA-binding aptamers

K1 RREMTACASEE R

HbR [3ripeS W% Kp* K5 7572 S R I} /447
Neu5Ac HUBR I 5T (K1 B5UIR B BR-SELEX RNA 1.35 nmol/L B AR [45] 2013
Neu5Ac SCJ%E [ 5 [MB-SELEX DNA 55.71 nmol/L LI E [46] 2021
Neu5Ge BRI E IR FLA-SELEX DNA 0.15 nmol/L PEFIE G 752 T B ) s [47] 2013
poly-SA SCPE [ 72 YMB-SELEX DNA 114 nmol/L PG E [48] 2022

sLe* PR [ 5 1) B IR B 2k -SELEX RNA 3.3 nmol/L QU [49] 2001

sLe* L [ 72 [YMB-SELEX DNA 23.01 nmol/L PG 5E [50] 2022
Globo H AUFR[E E FIMB-SELEX DNA 0.7 pmol/L BRI T L [51] 2014

GD, PR RIS 2 A SELEX DNA 21.21 nmol/L P & [52] 2021

GM, HEFRE & (fYMB-SELEX DNA 4.9 pmol/L A EE T [53] 2004

GM, TiAAA-SELEX DNA 17.51 umol/L SR T B [54] 2019

PRI R (Ky) =MBRER (K ) /SERFEE (K,), KN, (RS 2 PR 5 F s 2
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poly-SA), TXFAEMEVRIRIE (22 205 . Hi % A e
W) FEABATIN . SR, I 55— IS TAE
H X NeuSAc AN Rl B fiE A1 [ 2 1 04 38 B 14 0 2 25
e, WFIHFAREETRHF BV A, — I LB
JEU T 3 FORE W 3 T REER (MB) 1)
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() E RE AT 114 22 S 0 0 8 480 A W R A s ), T
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A — AR R 5t NeuSGe 45 S 19 DNA i Be ik
GBI & 7, il NeuSGe BRIEH ﬁ%l%ﬂ:
E’JﬁT PR A1 B PRAG 30 e 1A NS B I = 45
HBUE M 6.68x10° L/mol, (k= FH R A5 #5142
TR . 3 TIZaE B ST 1Y S Tk e A 1%
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Fig. 2 Different SELEX strategy for SA aptamers
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3.1.2 RHERE (poly-SA)

poly-SA JEH 21 K UL EMEWR R FHE (NeuSAc)
TE R ERPE YY) — 2 BMERE, A58 5 7E 8~400
Z [ 57, poly-SA = Jff 2 7F i 25 41 i 75k B R 1
(neural cell adhesion molecule, NCAM) I, fFi
T ARAEEIRRR . ARAATERS . Mk B M I R
KA SRHAE T o 1B 42U B NCAM =
poly-SA K3k, (HFE Ly ZH 2L, W p i 28 20 il

T FREARMOR . FLIE L AR/ RN

it A7 AE poly-SA RFFRE ¥ IRHA A R

P72 E AR B A SR B A SGE R s st (b) 3FAREI A3 TMBRISELEX T i

H fnf ELELAT 25K, poly-SA fiE s 55 41 Jitd [ A 2 B
VEFH B A B 55 B (] A AR ELVE T, DT 24 s 4 L
W08 . R RS, LA o) ik e 74 1Y)
]

AT ) —I0 TAEH, Chen%§ ) DL = FREMER 2
(tripolysialic acid, TPSA) “A#EARH#E |~ poly-SA
R 5 PE IS BC AR . R FH DNA S [ 2 16 1) MB-
SELEX A, BRAT A% IR 1 FC AR AN X BEFE 7 1 11
A NeuSAc, i g iR 4 & A o -2, 8- K 1 & 1Y
poly-SA. e P 1f fic A& Apt3 H A = 19 2% A1
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(K,=114.0 nmol/L) il & k¢ 5 1, B A1
TPSA 5 AR HMESS (REWE . ZUE . 22 25050
HE ) Xk, [Hd R B 5 NeuSAc
CMP-NeuSAc 45 A BE 1o DAz BLiARfE i oT
fF, MR E T — AT OO IR A R
DN WAL IR N T L& R i+ poly-SA (18
R, HARGMEE S AR, br i
TP AR
3.3 MEEIRRAGOYE%S ri

VA TR A 114 % 2 WL I — R R 7 i 4 21
21 it % v AR IR AT B B A — AR K AL B 4
T2 LR TR AN A B R A0 T, AN g
i M. FLBUESE . ERENEMRERERE
FIRBCAAR , A5 b 4 16 5 0 57 PN 240 T 1 2R
YRR, SRR RS R

BARAE 2001 AR IE 1 (A TR R AL 1) i 5 T bt
JRX (sialyl Lewis X, sLe*) 4551k RNA i fic fAqm
i bR [ E AL ) SELEX AR IR, SRl 51
P B AT 25 G )T, BARARI 5
% (Ky=3.3 nmol/L). O ZiEALIA S sLe* 4 &
2 F 7 S FUBE 9 100 455, (6 At B8 5 W bt e
(sLe*, Le*, Le*) JIEFEIEAME, 4566 MN
{5 5~10 f% . RNA & LR XF 2% 35 sLe* i) HL60
Y EBERER P B R A BT RIAEA,
X & BH AT V8 1 FHVEBL A IR 7 1) 240 B 285 B il 751
BT WIA A 55— TAER FH SC% DNA [ 46 1Y)
MB-SELEX 4% A i %t T sLe™ 4 5 P 1) DNA i fic
A0 FR AR 3 S AR A9 K, oA 23.01 nmol/L, {H X
sLeXZH BRIt (Le®. NeuSAc FIREFLEE) AR S
(IZEE T, SR R 2315, sLeMhplhfir 4 Mk
IKAE IR 19-9 (CA19-9) 11, FEZE g9 A1 A
S R I IS TP R B, ARG R g VR AR
FIHA S B 18 ey (9 107 A= A s, I
Jei o AR WAL RXET TR RN . e
() — A~ X CA19-9 11938 At i ) HA AR i i 5%
71 (Ky=20.05 nmol/L) , {H I3 A #F 47 2 £ 1 il
Ko MO, Le"brlsipl & Mt Fik TR L2 I
FORIRE A, HAS R AR =
RS BYIANOE (), Le BiiA A & — A~ T 20 e AR
KHEBUR, G AR h A Bt Le B vd FEHT A T
gt (L G TCAH R BA)AE B AR RAE
3.1.4 #HbEAE (GSL)

GSL 2 LI A &kl (Cer) SMERA, i8I+
S R E I A R A g . GSL 24

N R0 0 N €20 e i == o SN 1 41
B EREEEMEN, # RO RAE SRR
FEREIRYT HEAR . SR, 5 IR AH 1Y GSL A dg
Globo H, PAK &4 MW IR 0 Sk Rs , o DL o 458
G BN oy AN =i 1 A SO 0 S/ 21 D o N 1 4
DA R Tt 244 K 5 M 11 1 S O

I UL 1) Globo Z 8] 114 98 4iE AH 5C GSL it J5 /2
Globo H #1 £tz , Globo H#k K2 5 H WL i N
1) SR T I AE AE B T7 E AE TURIEE v it 3R
ik, BEEFLME B MR . BREUE . TR
L RAE IS MR ST . Wang 55 BV il —FloET
() 3% 45 ¥ 51 ¥4 # SELEX 77 ¥ % I & 6 % 11 5]
Globo H ) DNA LA ([&#l3a), HIFE SELEX )7
Hhg D GE{H DNA SCE R A A B, DA R BT AT AT
RER A H S Stk # . XF 45— SELEX %
J¥, BEAE 15 A RSB X8R 0 5 A% 1 R SC%
FHFRAMGE . 2o 750 IRAMIGBE , X 7= 4 va RN
MY, FH%EPES Globo H EAT e 25 1T A RS S
T ACA T AA . A A 5" A 3 e I A
(R B 45 S 7 A B 3R BE AL X 38k, DA AR BT Y
DNA 3% T4 A SELEX F2% . fEHUFTEE — 4
SELEX F2IF )5, [AIFETE SR 01 BeAA () 79 o 45 1 7
AR SE AL DX 35 DL A BB 9 DNA ST FHF56 =4
SELEX F£% . 8155 =4~ SELEX 72 % 345 1 fiy 44
R 241163 (G BLARSS & 3£ A7) (0.7 pmol/L)  HLE
— A~ SELEX 2 7 1 44 4 24 3G Bt f& (23 pmol/L)
1730 1%, FHWIDNAILRA S Globo H 4, A T4
5% . DNA & Bi A 241163 fEM% X 4+ 5 Globo H HL AT
B E AR 22 S0 M (FLBEAH &% Ut ), (Hx)
Globo HZEY (HEEJUFE. Globo FIHEFI1 Globo .
BE) AHRIZE R, %S Bk S5 Pk
B ATV N —FA R, HERAY > ThmiciREr, T
TEAK R F 1Y Globo H B I WLEE ), 4548y
PR BEE, ATAAL T Globo HESREANMLIR b iE
oA AZS RS, hiE—E B P ok b &
Y125 [R) 45 R4 RN D RE =2 0] () 56 R AL T 440

WEILER 5 A R I B R , HRR ARy
g 7 MR TAE RS, HkE
BRI E YIS S At A B, AN
Mt . e, ARt B AR . fhay
TR T AR 5 MR R 1) 2270 LA R 5 P 28 e A 322 1)
WEEEIF 4%, M. D, T MFER&EL, 2. 34
WEVRIR, ARl 2. 3FRGMARRE (Cer) AH
HERPREEENY (B 1) . B RS I R 1R 7 8K
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FHIR AR S & M R A 2219 11 I8 GD, 77, B
IEHHBUH I FRIBACTERAR, R ZE 2 R4
J0JRE (NB) . S0 2290 A R fI55 20 At LA K Lh
JEH R R R R BiE S AR,
WG 2R, SEURMMERE . TR AR
AEJI 3G 98 . Zhang 55 B fd FLK N AR SR 9 40 &
SELEX J7 ¥ i 1% T GD, ) DNA i fit /& DB99,
X} GD, B A & EM S (K,=21.21 nmol/L) . %3& it
PRAAL AT LAIX 43 GD, BH A P4, i 5 nl
GD, 5x BAp 21548 (GM,,. GD,fIGM,) X5
. ET U GD R, M1 T —FhZTihe .
AW GOR 25 0 )k R G, FH T ) %
iZPE 2 (Dox) FI/NTHERNA (siRNA) 254,
R A0 AN )N BB v e 80 s A5 A SR A B dee o
Ay st A4, ZHREA EAGE T 55— Mk
W SELEX J7 ¥ 3K 1% % GD, i) DNA ifi fic {&
DB67 '™, [alkf R B H Xt GD, BH A 20 4 4 S M 45
A, AHBA 28 1R Ko (B . JEFCIA DB67 /i S 1Y
pH R 2% R 50, BEMEHE 17 GD, B 1) g
YRR Dox 2454, FEAC /N AT S -4 6 e

(2)

B
l SELEX 1, 74445 Mk
IRt
B
l SELEX 2, TH: &SNk
[REEEE
PP
l SELEX 3, 74445k
EEE | B5im |

A, BoR HBESR BT NB IR IR TR . A,
HABER AR 2T H R, WGD,. GM,. GM, flI’#
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Fig. 3 Different SELEX strategy for GSL aptamers
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Fig. 4 SELEX strategy for targeting glycan epitope of proteins
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AR TR, i PhoSL 4 25 BHLWT P 31 X 2 (420
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U, R ™ AR T — R T B Rk
(MU SELEX S, #1451 i H & bl SR 1) 3 i
A 2R WIS OB B A A R T B AR A A%
WEAZTR G A VE NS TR AR, PR AR (R T
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Table 2 Common clinical serum CA biomarkers and their aptamers

&2 AR AHE R MFEREEREY R L&A

13 VSR BN i Tk ER  Ky(mmol-L™) K fElIE J7ik SR Z% (A
FREW SCER
CA153 MUC1 AR 52 FIMB-SELEX ~ DNA 45.47 TGN E T [87] 2014
CA125 MUCI16 B4 HIK-SELEX DNA 122.7 B HIKE Y HL e [88] 2016
CA125 MUCI16 FEARIE 2 I LI-SELEX  DNA 17.41 TN E CRE R [62] 2018
CAT24 STn fid i€ -SELEX RNA 52.7 TN E = [89] 2018
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JB SR
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Abstract Abnormal glycosylation of tumor cells is a sign of cancer, and it plays a vital role in malignant
transformation and cancer progression. Tumor-associated carbohydrate antigens (TACAs) caused by different
mechanisms have been suggested as biomarkers for clinical oncology diagnosis, as well as specific targets for
therapeutic interventions. For both aspects, the development of TACA-specific binders with high affinity and
specificity is of essential significance. Lectins and antibodies are the major biological tools for the recognition of
specific glycans. However, due to the complex structural homology and low immunogenicity of glycans, the
recognition capability of lectins and preparation of sugar-specific antibodies are facing distinct challenges.
Aptamers, which are short single-stranded DNA/RNA oligonucleotides capable of recognizing a range of
chemical and biological species, seem to be a potential solution. They exhibit several significant advantages, such

as smaller size, better stability, easier synthesis, facile modification, lower toxicity, and immunogenicity, for
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in vivo utilization. In recent years, aptamers have attracted increasing attention in the recognition of
carbohydrates, but review literatures on aptamers targeting glycans are lag behind. This review focuses on the
current development of TACA-binding aptamers. Firstly, we present a brief overview of the role of glycosylation
changes in cancer growth, and cite some frequent TACAs as recognized hallmark traits. Secondly, we discuss the
major challenges that hinder the exploration of glycan recognition receptors, and compare the strengths and
weaknesses of lectins and antibodies. Thirdly, we underline the unique advantages of aptamers, and summarize
the available or improved TACA-binding aptamers. According to the target sources in the aptamer screening
procedure, 3 kinds of targets including purified carbohydrate molecules, glycan epitope of proteins, and serum
carbohydrate antigens are described. We highlight specific examples to emphasize the progress in terms of
screening methods, aptamer performance and applicabilities. Finally, we conclude the main contents, and provide
the suggestions and directions for developing more valuable, effective, and high-performance TACA-targeted
aptamers in the future. In contrast with lectins and antibodies, aptamers are still a newly emerging force, and the
aptamer-based scientific research and translational applications have experienced rapid expansion recently. It is
worth noting that only a few aptamers with sufficient affinity, specificity, and stability could be used for practical
applications, and the number of aptamers available for glycan recognition is even more limited. Until now, most
aptamers against glycoprotein biomarkers have been obtained without directing the selection towards any specific
region of the target. Consequently, in most cases it is not known whether glycan, peptide or both are involved in
the binding. It has still remained a great challenge to screen glycan-specific aptamers, and more efforts are needed
to elevate the application of aptamers in cancer diagnosis and treatment to a new level. With the continuous
advancement of aptamer screening technology, we believe that more new types of TACA aptamers will be
generated, and their specificities will be further improved. Therefore, nucleic acid aptamers hold great prospect
and strong market in the future clinical practice, and the detection of glycoforms of current biomarkers is a

promising approach to improve sensitivity and specificity in early cancer diagnosis.
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