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Glycosylation and immunity

ZHANG Xiao-Lian
(Department of Immunology, State Key Laboratory of Virology, School of Medicine, Wuhan University,
Wuhan 430071, China)

Abstract: Glycosylation or glycans not only influence the structures and functions of immune cells or immune
molecules, but also control host immune responses to foreign antigens. The glycans have three major roles: firstly,
the sugars confer stability on the proteins to which they are attached, protecting them from proteases and non-
specific protein-protein interactions. Secondly, interactions between glycans and lectins play key roles in signal
transduction, antigen presenting, control of cell development and differentiation. Thirdly, specific regions of the
oligosaccharide chains provide recognition epitopes, which influence and modulate innate and adaptive immune
responses. In this review, the roles of glycans and interactions between cell-, pathogen-surface glycans and lectins
in immune system and immune-related diseases, such as inflammatory, autoimmune diseases, cancers, organ
transplant rejection, infection diseases, and genetic diseases, are discussed. The potential theapeutic significance of
the information is also mentioned.
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JEWE - By H % B 22 (high-mannose), Z% {5 Y JUF BT 2 5 AR [ e FE Y 1 S % 1R O
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PR EEUR IR GalNAC BiJLIER:F Ser/Thr nl VA PR AR EE AL 25 524K AR IR 1 M L3244, b
AR b, WFLER 4 Fh 20 O- BB A&, DU T-. B- 4052468 MHC 55 ) Y2 A .
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B 9% 2% (glycoimmunology) = 2 & Al 91 28 b
L a5 A PRI SR 3R (lectins) [RIAT DR S e 2 (1 —T7]
FREe 20 ALK, BEEAL 5 S R AH A
FUAE [ b B3T3z I EAL, 12001 43 H 23 HEY
Science "5 5%¢ “Glycosylation and the immune system”
F1% T 5 2007 4F 8 H &£ AF Immunity 1) SCFAE
SE T ON- ZEOBEAE AT S e RPN RAEAN A
B e PRSI T BE 1 5 2001 4F 3 HRARAE Cell 1
f) 3 & “Glycosylation, immunity and autoimmunity” ',
20084 6 H K #&AF Nature Immunology _I[1] “ Protein-
glycan interactions in the control of innate and adaptive
immune responbses” ' ; 2009 4F % % 7F Nature |- 1]
“Turing ‘sweet’ on immunity: galectin-glycan interactions
in immune tolerance and inflammation” ™, 20104E %
FAE Cell ) “Glycomics hits the big time” ™ ] %
BRIE. 2011 4F 3 5 6—11 H & '] il % K Lake
Louise A JT T Wi % 2~ ¥ [ bR 1+ 182> (New Frontiers
at the Interface of Immunity and Glycobiology), i ]
B bW e 23X 1] S 5 o S R AR 2 A S i
WEERER I B

1 BEZmRES THNE. . 8%,
MIRREMIZE

EWEAE RN 2 2040 Mo AL ey B B R, AT IR
Al ARREREER, W] R 2 I G52 B I
BEHUAR IR . AR 2 55 P J5t 9 OB A ) 22 TR
BERIE TS, LU FT) R MR 2 ) A B 1
YekF. MBS A RE IEA NS S L, AN RE IE A
#1785 1 CD4 43117 4 > N- B A2 A, A
HPEIALRS, CD4 ¥ A REIEMTT &, HRIETT
SR o

PEEEALAE A MHC = 2 Ik 6 AR 1) e e 2 3t
SEVIMR. ENBRT, K430 MHC HE5E (H)
NS ZROBE BRSBTS B g TR
4515k 2% (calnexin, Clx) 245 W 25 (calreticulin, CRT)
MHAER. i A28 HLA 5 746 & gl 2 il 7 s,
HLA Ik bR 174 i (Asn68) A7 i 1 42 1) 55 Bl
GlcMan9GIcNAc2 5 Clx fH4E & )5, L E A il
(ERp57) A figidit Clx, #5H) MHC H4EHE Ay — i b
ITE R, TEERL . PR e M2, L& TAP HI
Tapasin # B JE &3 MHC = £ ik & A 44, &35
EEEER, #HB MHC : 2 K8 &4 E N N
T AT B MR 1a & R H AR, R MHC -

LIz B PR AL, fL CD4'T 5 CDS'T
NI e HH IR DB LA K S R A AR T 23 1
FEARLE SR A BU T & A 2R

RHEAE PR S rp s AR B AS
FE TR SO A 1 BRI = e S5 R R R, 34 m g i
B IR AL 5 MHC-1 287 1 (0 454 [ 5 TCR A2 .
Y H 5% 00 40 1 9 9% . G Apostolopoulos 25 7 1 F)
FI 4 B GalNAc &1 MUCT #iEE, 5757 & B R
Ik 5 MHC-1 45 &5, Wl R BB MK 2 kS
MHC-I ({1454 71K 100 £ 4%, Hh GalNAc i # &
FYEH . B 41 e ff) HLA-DR % -5 96 47 2 3%
P2 DI 2 IR AL hy 2250 1R (Pro96 — Ser96), M f
5594 AL R AR (Asp) 7= A2 T — N 1) N- Bl 3
AL, A8 B g HT)sa o Re e, Mg
Wi B 4 a5 T 40 i (¥ AH 4 ] . Backlund %5 ™ 4}
TR A BB AL TT 20 e J e (1 22 KR AR B A 1)
LK, RIAE K OC T 2 (RA) i A T 41
JACUN B RAL R TR IR B 2 Ik, R WIREEAL
W2 T g 5T AT

F 0L ARAE — 28 N- Bl HE A0 A H w4006 a1 g
XPWE S E R, KA I AE i, 0 N- B
BEALAE T RTRII 1] 2 Wt Jie s e 0 1 D 2 R oA Mg
(asparagines-specific cysteine endopeptidase) X ¥ &5
FL o> 3 B REAR, T DR BE 2 B 2 7 B T
FEW T A, R BT (glucosidase UIT). H & b
Pl I(mannosidase 1) DA A ] 25 FL 84 R 1 (glucosyl
trasnferase) 7§ Wi R4 S MR Ak — 04 &, AN
WRATT S AU R R AE ST o A

2 RESREFNHEERINAZEESRES
BN R

VFZ AR A, R, Wi HRSE
10 1) SROBH S8 4 Il A i 2R G B 4 25 2 AR T U
SRME A R S AR O B Sy, R S
RGN H S ECERNELEE S+, Pl
8] A7 50 2 UL 52 4K 43 1+ (pattern receptor, PRR) 1]
BUONER, Ji I R R A 5 — Le B A
FRELRE, I HE— PR IE N S B 2

WMVFZ C REAE 223244 (C-type lectin receptors,
CLR Ji % /& — 28 Ca™ KB M Bkt & W 45 & &
F ) RIALE A B 4l i b, el 2 B SR 40 i
(dendritic cell, DC) = BEAH L, X LEHT IR R 5 41 i
(antigen presenting cell, APC) A& 15 F 953 Il 44 1) 26—
T2k, CAIBEG S hiE N g N . C- BLBHER
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2 VUM R ZBEAT IS AN 2008 JSUARF AT 1R, AT S8 ARABAI)
TERELAEAE T LA AR, A 2 518 B
G PR o AF AT S8 SN 2 08 IS AR A 1R 2R B
1 pseudo-Lewis’ /& —F g DC-SIGN(DC-specific
ICAM-3 grabbing non-integrin) {51 f*) 955 i ARRE A 1]
B 45 0% 5 M B (Mycobacterium tuberculosis)
2 THI 411 B B 1) 1 7> ManLAM 9 42 45 ¥ R 1 58
B, B DC FIEAZ BG4 i 111 C RUEEEE 2 il

DC 4 3IA 1 C- BUKESE 32 1 #2 B 52 7K (MR,
CD206). DC-SIGN(CD209). MGL (CD301).
Dectin-1 £l langerin(CD207) 452 5 S ¥ A 5 190 J5
A4 B R ) AT A% 336 45 MHCUITPY( & 3). C- Yt
L FAE AR AR TN 24K, AMUAR T PRS2 R,
RSBS00 T 40, anwa [ 1R A B
(Helicobacter pylori) 3% 1fii ] Lewis’(CD15) #l1 Lewis”
(CD147) ZpEPrs LU G 2 8% O- $itJs i m 4545 DC
41 Jftd ¥y DC-SIGN %5 5 T 41 il 43 44 24 Th2 74 41 Jifu,,
AT 42 3 87 P B 2 W 25

AN 20 22 o i A4 6 BE 4k ATE = 41 g 3R
3 MR PR RS B B SR S h . g SRR X L
Ve AR TR A PR 8 0T e AT A A T 3L 40 P
B B, #AE a2 B B0 g T ke
i 1 7% & 40 1 Wi Siglecs(sialic acid-binding
immunoglobulin superfamily lectins) & — 234 45 &
MR IR (sialic acid) 1) BR AT 1 FEAREEE 25 Siglec-1.
Siglec-5. Siglec-7 %52 5 15 4= 55 Jal 44 11 4H H. 1
H, N Neisseria meningitides. Campylobacter jejuni.
Trypanosoma synfrome. Streptococcus group B %%,
i SR AR 45 & Siglec-1 3 B0 B A 1) P A FH 40 i
X903 S A R B S n (1 3).

Tt 2% galectins H A I [w] (1 45 #) 25 () Rl LR 57
1) 29 130 A 28 K6 1R 1) B /K A6 A 4 R 1 25 A 45
(CRD), HAIE A 30 1) Gal-(1-4)-GlcNAc ] —
B gk e FLR C I T 15 Fi galectin, {1 4%
galectin-1~15. galectin i i 55 %5 Ji {4 B8R 41 [ 26 171 &
- 2FUME (-galactoside) Y 28 HHAH B AF FH 1 52 W0 4
P, U galectin-3 454 Leishmania major [{I¥E NG
2E R S 2L galectin-3 [¥) N- di ¥ B, f galectin-3
ANRE 2 RACHIE MR 25 48 5 XN galectin-9 1R
A L. major ¥ENG S5, 1455 (2 13F R BH ARG 1) 40 B
5 B B A EAE ] 5 5381 galectin-3 1F ) PRR
PUMAELE T helminth 25 2E R TH ) LacdiNAc ZEH
galectin-3 43 IR BCAA SR A AT 5 Bl b Pk 40 i 1) A 1k
YER,  FF R ROHE P40 R & (s, DL OB IR

IL-8. galectin-3 )43 e AR JIE K 40 1 (1) 41 iz 15 TL-4
FIRE 8. AH S galectin-1 105l I K 40 A Fr) Jd 4k,
BEL VBT e 1 s 40 M A A0 3 98 PR A, R 3 At i 1 9
T-. galectin-9 454 BIHF 8l i 11 TIM3 J5 A A T
FRZ A SRR 1K) DC e (1 3), #4443 Thi
) Tim3 5 R3T 40 3 1. galectin-1 A1 (5K )
galectin-3 454 EWE4A L F CD98 J& ik EWi 41 il .

Zx LIk, galectin /54 2 Dy fig 70 5 15 AN A
Wl G 5 A0 L D) e, BN Y 40 PR DKL N R B 431
() Ak s T T 40 B A e S s A e, R4y C-
RUBEEE 2R Siglec WIE A Hi)side 224k, A T2
£ MHC- $iii & T 401, X LedtE = 0eE N
SRARIAE S 0 1, IR B Y DC 2040 BL &
T 20 s Yo

b B Rk b, SRR g5 2R G0 F0 4 g5 N 2 1Y)
SEMIL R IAE LU JUAN 71 (1) 7EAMA B =0
fhigtery, T B bk 454 10 &t 4E & (mannan binding
lectin, MBL) ulfl¢ J T 4t 4 25 (ficolin) 73 ) FL 4% A
) 22 el R Bl A= ) A T H Al B N- TR B i
T A I A R BOIT I A 20 K T 2 2 I ) 37 A 3
Feo (2) B EEALAE FH 5 AMAE A T 11 48 i 28 A8 AH 5K
TEAMAZ MR T, 5% B IR AR FIAMARE AR 2 ik 10,
AR MBI B 5 MAC, T 40 B 25 I
AT AR o 7078 40 i 2 113 o LA AMA R )
i 3 GPI € {7 1) B 25 1 (CD55 ; DAF, decay
accelerating factor; CD59) ¥Jfig4h & C8/C9 LARH 1l i
W R A MAC B  an SR eMAE S s,
TER IR ICTY R, SR 5 A 2L Y
CDS5S5/DAF, 5 SUANIE 24 ) 41 o 4 il R 4 IR P
(3)B 41 Jid Pl AR PR (1) %2 44 BCR &2 54 H mig
L Tgo/IgP ZH %, BHIEALFEm) CR 5 45k iR
Yifg. mlg PEEALFERE AR, Sff mig AR S
O R 2L WU s TR AR, S mig (1)
PURSE GO R, M SPURMSE G X ZfiT o
Ig () =4Egir, RILN 1gG Fe (25 1) by % it 5 i
T8 297 f R A2 B N- R pEEE, eIkl
BB KB - BB IR (R LA T SR & g 112,

3 RESHRHM. Z5URESES

ZMIFFTER W] Core 2 O- ZEBHXT 1141 fu ik # 5%
FIC AR (R 1E BSE DA K 1 40 B (R R B OGS o Hh P
M 4S5 2 P-. L- A1 E- JEFE 5T Core 2 O-
BERIAFHC AT P81 458 (1 4), WndLr Core 2 O-
SR 3 SR S FR) W YT A FR) 5 B M0 S (sialyl Le™)
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B3 RESEASS5APCERRIFHEEERAMSBMRRENESHESY

E-iEFEE J NeuNAco2-3Galp1-4GIcNAcB1
3

/ 6
Fucucl/ Galp1-3GalNAcal-Ser/Thr

P-ik PR
Sialyl Le*
SO4
\6
NeuNAco2-3GalB1-4GlcNAcBL
6
Fuc (xl/ ( Galp1-3GalNAcal-Ser/Thr
L-EFEHE «—— S04 X 6-sulfo Sialyl Le*
6
NeuNAco2-3Galp1-4GlcNAcB1

/ 6
Fucot,l/ Galp1-3GalNAcal-Ser/Thr
6’-sulfo Sialyl Le*

Core 2 O-Hi

A e 36 25 (1 C A4 B SROB 45 4 S sialyl Le* 6-sulfo sialyl Le* #16° -sulfo sialyl Le* ™,
4 Core 2 O-BHERIEFERACIKRRI KRR

& E-. P- EEFR R MR, o P- AT L- SR F UYL
ZEAHE O BBHIC 4K, fnAE PSGL-1. GlyCAM-1 flI
CD43 1) O- JHEML AR, {H)E EEFEHRBEL A O-

TR L1 sialyl Le*, 454 N-Z885 | 1) sialyl Le* ™,
O- BPHHIMALE TAMK kT WLEYIMK.
Core 2 O- ZEHHEANFIELE RSP I R 58 517 T 40 il
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o, R SRR AR A AR B T R AR T 40 i 36 1
FRid CD43 43 1 th. CDA43 [#] % 1k 7K P & AN AR [,
AR [ & A BT 4 i Core 2 O- BEBHA C2GnT F 1)
Fik/KFo C2GnT BRIk /K- 5 i i K 5t R i ot
HE O- BEIEAL P AR 4k 5 ISP AT AR DG . IX 13
W] 7 415145 i Core 2 O- ZEBH (1) C2GnT i (1) 435 2
BT M TP R T T 40 B ) B8 5T T 40 s s 2 11
9% []l,13]o

52 2% 0 N- ZREBE I8 3 SOBR A (1) A [R) R 2 v DL
40 i ) AR a4k U, 2007 FE 4 H 6 HRE
7 Cell b 11 3C % ) 38 1 40 i 26 18 (1) N- S0 3 7y
41 f 88 5 N 43 4 5 2007 4E 8 A k& # 7E Nature
Immunology ) C %5 & B Th1. Th2 i1 Th17 41}
(RIS ) R0 5 R T B A TR 4 B T e e 1

REER W T 4015 5 7 R LT LA
J7 i = (1) /£ TCRop-CD3 &4, CD38 # iy
A N-BEREP I — AN H BRSNS
AL s M{E TCRyS-CD3 E& W), CD3s #EH P
N- BEEESL N 52 20, IX 287 R o] e 20/E TCR X
PUE IR TCRaB 5 TCRyS (5 S5 A & (2)
T 400 3¢ 1 45 = 1,6-GIcNAc [f] N- Z88%, TCR I
WAL K, FEEBUENZMEE S E,
BRI A7 93 1,6-GleNAc 43 SO & IR lig——N- L9t
A HL A 28 B B W V(N-GleNAc-transferase V) 1] iff
T AMThEE s 3) R T MR E 1k O-
S0, 54 IL-2 5244 . GCSF(granulocyte colonstimu-
lating factor) 254 & O- B JEAL 119, O- Bl IEAL 1) Bk
D E] S ELIL-2 2RSS KR Bh RERE 5 7 S 1 A8
AN

JUF AT g M R 7R 2 e e, B T
TR AE S SRR R . A A
e T R AT N- iR AOIRAS R 1K) IL-24 4 g il ¥
/N B L A0 B A TL-12 A TFN-y, AT R0 Ak
CD8'T, 7E/N A I R FEBTI P B B €00 1] B Uk
Ye/E R, T ARRE AL TL-24 i sb 1) hEry R R,
A KR ¥ 324K (growth factor receptor, GFR) H
APRALTE LA Be g & A K7, AR 3L E
W (A E N

C- 7Y %t £ % Dectin-1 7E 51 B-glucan 3 fi 25
MG, J8 s Syk B% 2 IR Tl i i JF 7% 1k p38.
Erk. INK DL K #S[RF NF-«xB, 7% 5 #%
W T T A e P R PR 3R R AN O TLR. DC-SIGN
S5 53545 Dectin-1 AN[AE],  FH A& 6 TLR
K% S NF-xB. it % Siglec-1. 2 1 Galectin-1 1]

ity APC H1 B 4ifL LI ZEHE, IF 5201 BCR ({55
B 5, AR galectin-1 T LU S IL-10 1724,

ANACHLAA 40 A0 G B 73 5 (1 SEBE S Wi 45 5
S ARSI PR S SR . W
FiFF B (M. tuberculosis) 2% 111 41 O 5 1% 7> ManLAM
H R e S B 8 A A 1) 5 5 PR B iR 5 DC 4R
o % 1 (1) MR Fi1 DC-SIGN, % S 15 5 1% b G 8t
RAEA 70 TL-10 [R5 ™,

4  BBERATEEH % 25 A0 B2 (Homeostasis)

AR ZR 5 M 9% A 3 AN (R AR 1) 2
H& &2 50 s g ie. F2 ot
FLER YN PE RS 3 galectin 454 T 41 Jfu % 1f
B SL AL ) CD45. CD43 5% TIM-3 i #0231 T
M, JFFHET TR ; 8 C- Mg EREd Y
FREWAH AR R A T2 8 APCs | MGL 5 4%
NPT 40 g 1) CD45. C- Y %k 45 2. galectin Al
Siglecs fig 1R il A [7] N- Bl 5E 46 OIR & T 1) CD43,
CD45 Fl MUC-1, galectin-3. DC-SIGN HI ICAM-3
Al T AE APC 5 T 40 g 18] JE 1 1) 58 fislt (Synapse).
Ht4E 2% galectin-1. -9 1] X745 APC F1 B 41 fi I 2h e,
520 BCR 5 5%, wiT IL-10 B/=4, M
AR E Ve T 40 i34, i YU N- 85
F Thl A1 Th17 9T, FFAHT Th2 BV

BT ON- ZHEAN, ITEMRERY, O- BHEE %
g AR A EEAEH . 78 O- B #E
a-(2,3) W V% R %% % i 1 [0-(2,3)sialytransferase 1] f{£
A0 R 12 0 E1) Core 1 O- M |, a~(2,3) ME i R i
Ml Tk (St3gall) i, 4341k 2 57 A M Y TR AL,
[f) Core 1 O- 4, M4 FECDS'T 41 i 1,
A G J5 CD8'T Hridk G Thens k. ., 4l
JU R THT O- SB[ AS [ Wl i R Ak v A D I 0%, 4584l
oI5 SN ST I W B i 52

5 BESRERNEINE S RERF

N- ZEHEAN O- TR0 (1) 578 R IK 5 2 M o S5 AH G
PIRE VIR (R 1) MMM IS A 1S K
J& T B 5 et . RIS & (rtheumatoid
arthritis) 7 4 % Bk £& 4 G(immunoglobulin G, IgG)
Ir THEREAL I AR AL 2 3 BER KRR R A . 18G5
G PEERE 111 80%. 7EJT AT N1 1gG HE 4k Fe X Kk
WA — AR SF I N- B A AT T, X 26 i 2 Bt
g 1gG bali 7 — R 2 S 4 20 N- BB . 28 X
Wi N ) 1gG OBRE b 0 2 LB 5 S8R T B A&
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SR TP A IR BN

S N- S
N B RAFII SLE [20]
AR K T (RN 2 A DAF AICDS9 RV FIRA [9,17]
TEN-HE A 1l Mgat 5 7KF T B H B G e [20,21]
2 R LN -WHBE A Ui H I 22 TRV TR Wilms#87, /N0A i ik LR [12]
TEN-BE A A H Mgat 5 7K i JEEIEE . R LR S [12,21]

S O-ZE
T | CD43F LRI IR I core2 O-ZR A 25 (AIDS) [22]
core2 O-ZE M 1) 1 ok T-cell I [22-23]
T4 core2 O-2E B 1) 575 KA WAS [24]
78N 4 i 4 i v e i K P core2 O- 2R & I [11,17]
IgA 5735 O- 58 H IgA W5 [11,17]
IS fie JaU 2 1 () T4 R 2 A S O R A AE A 1) RA [25]
Todfi i 7o %Kik, corel O-Z8HE N Tn Z551E [26]
Fi O b & JE [11,27]

RA, rheumatoid arthritis, &)X ECT 4 ; SLS, systemic lupus erythrematosus, R IEIIE; CDG, carbohydrate-
deficient glycoprotein syndromes, #/KALEMIEEZ BEE 454 1E; Mgat5, GIeNACT-V, WiEEEEREEE; WAS, Wiskott-Aldrich
syndrome, Wiskott-AldrichZi{54E; Tn, O-linked N-acetylgalactosamine, GalNAcal-O-Ser/Thr.

i, RN R KT IR 8, 1gG BURE X
R SRR ok /D T P — AN B AN R g e FLBR AR . I
Flvel T =2 - FUBE 1) 1gG 5B 11, A4
WA 5, fEME. WS RAE RS
YITRR, TS LR R o

TE— S RAETE A 5 S el B, I RGeMEAL
BRI B, AN T A 5 B AT T 401
PRESAIRAS — AR, 25 T 40 MR i HA7 24 5%
[f) A 3 GalNAc F1 Gal-p(1-4)-GleNAc £5#), I Hix
T S OB KPR R B b B3 B, B R
MGL #1 galectins 5 iX 46 9% 45 # A4H B AEH, T A

TCR M FHIME TS, FHEm T 4101 CD4S i
REEIIRE. A 2R, galectin-1 76 LA H

G R PR B ) Re A IS 1 20, IFIKB) Th2
RN 177 . galectin-1 4 [ 454 Thl i Th17
RN T 40 Mo T 20, M-S SCT 40028 T, i
Th2 40 e R 1R 1L 2,6 MEK IR RS T, DRI AN fg
5 galectin-1 4 4. 5 galectin-1 #1L), galectin-2 {5
VPR T 400 T, Mo SOE i .
bk galectin-9 4§ 57 45 & Thl f) 3% 4k TIM-3, 7£ H &
Ho 2 A28 JERE VAR A 5L Y o 3Gk %R Hh i 59 Thl
Io T RS W] galectin-1 5 TIM-3 AH H. 4 H [F]
i 5 DC Ay TLR A i s 8 41 20 46 e e v B
T3 4h galectin-4 I fE 35 CDA'T [i& 1k, H)3 IL-6
G WA TN AR 980 WY T galectin-1 38 i 2 /&5 IL-10
5T S i 52, AA0H S 1 S AT B G2 95995 o

galectin-1 1 IL-10 7 CD4'CD25" i 15 1k T 41l s tp
REEERIL, TR R e A B

C- BB R A A 5 S % PE e i vk 4% T
EAER . B g5 A R DC ) MR (1) 8% Ik G
) S5k B S S % Tk N B R (experimental
autoimmune encephalomyelitis, EAE) {9 & E, 1 G
B L Ak 1) Ik #1453 ™ ) EAE. X 1 Siglec-
1(sialoadhesin) 7F ¢ iF P EL W 41 M b 38, Jf BAE
sialoadhesin 2% (1) /Iy il FH T8 b B4 B AT T 4
M ) 98 2 SO (1) 98 30 T DRSS 98 RE S W TR A

6 EESMERE

KB T 9 3% W B R A0 503 B R e e 6 3R
JiIRE A b e RS B D AE DG o v IRE 40 i 1) SRR B R
20 I3 A FRHE AR 1 I T 5 0T R A i 5 O
A A (R PR SR AL KT o RN I S T 5 B
NRG N B2, 3 EUM R 40 1R 2R B AL 1 e ) 1
5ER o i 730 4 ) 2 S VP K T I v R A
MR I 2 SR M R M 22 TRV R () AV AL, TR
RAEMERIR 1Y) 9-0- WAk ", i 5 el R 45 £ 1Y
HEAE 3 selectins /i 41 i 5 B 12 22 59 5. 41 Tn
(GalNAc-a-Ser/Thr, CD175). sialy Tn (N-acetylneuraminic
acid-a6-GalNAc-a-Ser/Thr, CD175s). Thomsen-Friedenreich
disaccharide [Gal-(1-3)-GalNAc, CD176]LL S M i FiR
LI Lewis Uit (CD1Ss) 375 8 1 Jif e 40 ffd o v 2R
&, JEEAE MRS ORI AR IC 7 1. XS
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Fhas 234

PR IR T2 W A KNG ERE R, &
DFPIRSFNIIT I RR M

Ve 5 TR P 84 2 pR T S 2 28 N- SR 23 31
JEINIE ), TSy S AR N2 th T GleNAc %
ol VIR PERIR A, AR 1,6- EEL GIeNAc
WAL ) RSN, B RS . AE
BUANR 2 R e oy XU n b e g, 3 8 T 30X
8GR S ThT ME R R AL R BE n. R E SR
(swainsonine), N- ZEHERME I CH0HIF],  fg B
S 2 1 R PR A 2 A B N- SR BRI K, 1%
IR0 32 W UG 9 400 B A4 P A0 B8 A AR A S
Rel i o AR 5530 K FH R 2 0] GIeNAc
Wil V) /N g3 5 R e RNA A0 2L I e 40 i 3% T 1)
1,6- BRI = R4 N- RS by, REAEAR N A
078 L A0 M P 2, BRI CDA'T 41 i (1)
S Y, X BR84S T 1 B 24 A N-
HERIEREN T T IR 1) G e

7 BERRERSHEEBE

RIE R I, TR AR DG B B, n MUC-1
O AE D DC 4l g b C- Y %k 4E 3 W DC-SIGN,
MGL [ Aok, m C- BB R 5 5 /% 3/
DC ()53 44, DRI 1 4 [ A7 e 9 A0 B 1 s o/
BRI AR N AMITFC R B, a2 A R A4 slops ]
VE 9% WS 1) 44, 454 31 DC 4l il b1 C- ALk
B, RIBRDUER S PE T 40 s W AN g e S 1 4
P IR o B ) C- 2 AR 3 AN A DC iy e I
431, [ENEAT AT MHC 8¢ CD1 A SRR 5

FEHEREA NI TR AMA, UM 5
X, HEELHE, MHCREFE, HHHBAR NG
N R D . ARSE I3 B AE A B AR N AA
P, XA IR, 2 A SR RN

HATK =R, 5P 5B Sk
HeF S I, A2 o AR N RRAEAE B AE S5 6%
PURD TEEA BRI KPR T A7 T35 1
BN AR, 2Ok Galo-(1-3)-Gal fil Gal-a-
(1-3)-Gal-B(1-4)-GlcNAc-R.

MNAE W AFEAE Gala-(1-3)-Gal B 731, {HREA
IRFE Ty G & IX R T A, X R AR
AR T R RIS )RR PR . AR IX R R SR
PRGBS a5 G2 N - B s B R I R
TFe W2, X P gl Gl Ge Al N 28 W ph s
BRI R, AT SEIUAR A B E RS R AR
Al H .

FOE TR BR AN RS, T
RRPUAAAE T NI, TR A i A4
WICHY, TERER AT DU R 98 (I 98, AR
RSB T A G BAASGER T, R RIMBE 5
BHERA, AT IRRPUARB B L g .
e 2 UoduE, HEHTRERE, £ooERE L
TR T BRI R B NAR AR R ARSI
PRI AR, BE5g 4 s AR N Ak

93— MOTIER I FFE N BOR,  BOE 8 LA Y
B AR AR TS 70 1 (AR, M a-(1,3)- - FLRE
FLECRE Mg, LOSRAMGIAI BR Galo-(1,3)-Gal 7> 1
A, BB EIRR PR SR a5 EE
SERR AR A Galo-(1,3)-Gal f) 25 peds ik sl ,
FeSE DR (Vs B s BT T Galo-(1,3)-Gal $EHT I 5>
T PR EE LD (1 45 B R AR N AT R Gl
PEHERR, ITSEHRN - 3852 A AR 3 2R 0T .

8 MEFMFEHEEYF

S BRI B R R, AR S
Z248 PRR IR, AT 15 0 N 1 e s Y .
N2 e 58 B B 9% B (human immunodeficiency virus,
HIV) F1P5 5 1T 45 9% 2 (hepatitis C virus, HCV) J5 7
FM) H A F M N- BB P, feplifs = DC %
[fil 1) DC-SIGN R 71| 3% A4 540 ] DC 41 a5 5594 i
2 1) k4R 3 MBL/ficolin TR0, 8 kM EELE 5
AR, P RE N . W fr b
SO TE L FE A PR AL 5T R I, B HCV i 7560
JECHE 2 11 E1/E2 ¥ N- Bl 5L A0 38 e R a4l i) B 48
AN T 4 A 5 10 S e 4% B°Y s S Shan %5
il HIV-1 5 #5 [1) gp120 1¥) H 20 765 3 DC 41 i
P A AR R N, HIV-1 () gp120 fH #p 15
DC ] DC-SIGN &1 5 DC 41 /™= 4= IL-10 2 3=
() G e A A B R 7=, 2B T R H ) gp120 AN
IL-10 (774, Jfn] s A e ik

Ui, WA RIS R A BE R,
S EIE YRS S P2 AR R SRR,
W5 REFLEELEEE (cholera toxin), 5K Z M
Wb B K AT 1 75 2 (Escherichia coli entertoxin).
T H 095 IR T H 0% 85 25 (pertussis toxin). 95 T
PRI 35 2 #8535 (Shiga toxin). S50 P4 K [l AT 14 (1) 21
Bl B (pilus). 5| KA T FAE 405 70D T TR
(R 2T B AR Y T K i A B 1R &5 B AT Vero 41 i 75 3=
(verotoxin) %%, G EUH M AN A w1 B B AT S 40 i
TS H B LS R 45 . al @R BEE £ 51
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# (haemagglutinin), 3= %555 40 i 22 [ 77 A 1 FLbE
TR I A i MR PR AR &5 5 5 oy — MR Tp s
AR (NA), 2 50T RE JBOAE 145 28 40 i v
A2 IR B R L. BIE SR I A BRI B A/
PR/8/43 FEAF 5 45 45 A Uiy )7 51 A MV IR 2,3 - FL K,
B RN B B/Lee/40 B S 45 45 A b /7 41 b Wi v
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S8

9 LHitFIRE
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L Dy ek e S 18 i N A, B VF 2 R A FFER R
UERMARATI AE T AR IR 2k, LS S5 T g
(8 Z M 2 77 A8 ORI 2R 12 2 R0 25 4 2 13 ]
{Ho Ll TR BRI M, AR EOR,
0 20 M T B R IR PR T JR N T 3K SR AT T
Jo I WA 4R 0 Hh SRR L e B AR LA
JFORT A S e M A e s S B 52 A0 B AR
S, B AR B LR SR SRR, R AT kA
B PESRAE . VR . S AR A5
DA VR A 530 B BRI BLAA (1 P9 5 P A 4R 31
ficolin 45 1591 25 A 11 4= & ¥ N- ZRBE, Wl LAAT 249
PUA BT 5 i HCV [ ™o 45 D00 B0 4 )
RO LN L IR ey, WfEhm K2y,
Wr 9 AE S W AHRAT HIV G 36 il LR PR 24
Pkt 25 LL Ryt e sl v 2y, A B A v
I (AR 5 3 AT FARGURE R LRy T 2RH
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B R I BE T RE, X T R NS AR 2 BE M
Xt B B T I R T A R R B BAT R
AMERIZE ) 7 3o

(& % X #]

[1]  Green RS, Stone EL, Tenno M, et al. Mammalian N-glycan

[15]

[17]

(18]

branching protects against innate immune self-recognition
and inflammation in autoimmune disease pathogenesis,
Immunity, 2007, 308: 308-20

Lowe JB. Glycosylation, Immunity, and autoimmunity.
Cell, 2001, 104: 809-12

van Kooyk Y, Rabinovich GA. Protein-glycan interactions
in the control of innate and adaptive immune responses.
Nat Immunol 2008, 9: 593-601

Rabinovich GA, Toscano MA. Turning ‘sweet’ on
immunity: galectin-glycan interactions in immune
tolerance and inflammation. Nat Rev Immunol, 2009, 9:
338-52

Hart GW, Copeland RJ. Glycomics hits the big time. Cell,
2010, 143: 672-6

Helenius A, Aebi M. Intracellular function of N-linked
glycans. Science, 2001, 291: 2364-9

Apostolopoulos V, Yuriev E, Ramsland PA, et al. A
glycopeptide in complex with MHC class I uses the
GalNAc residues as an anchor. Proc Natl Acad Sci USA,
2003, 100: 15029-34

Backlund J, Carlsen S, Hoger T, et al. Predominant
selection of T cells specific for the glycosylated collagen
type II epitope (263-270) in humanized transgenic mice
and in rheumatoid arthritis. Proc Natl Acad Sci USA,
2002, 99: 9960-5

Richie GE, Moffatt BE, Sim RB, et al. Glycosylation and
the complement system. Chem Rev, 2002, 102: 305-20
Rudd PM, Elliott T, Cresswell P, et al. Glycosylation and
the immune system. Science, 2001, 291: 2370-6

Varki A, Cummings RD, Esko JD, et al. Essentials of
Glycobiology[M]. 2™ edition. NY: Cold Spring Harbor
Laboratory Press, 2009

Sperandio M, Gleissner CA, Ley K. Glycosylation in
immune cell trafficking. Immune Rev, 2009, 230: 97-113
Tsuboi S, Fukuda M. Roles of O-linked oligosaccharides
in immune responses. Bioessays, 2001, 23: 46-53

Lau KS, Partridge EA, Grigorian A, Silvescu CI, et al.
Complex N-glycan number and degree of branching
cooperate to regulate cell proliferation and differentiation.
Cell, 2007, 129: 123-34

Wormald MR, Sharon N. Carbohydrates and glycoconjugates
roles for glycosylation: signal transduction, control of cell
development and differerration, and innate immunity. Curr
Opin Struc Biol, 2001, 12: 567-8

Toscano MA, Bianco GA, Ilarregui JM, et al. Differential
glycosylation of TH1, TH2 and TH-17 effector cells selectively
regulates susceptibility to cell death. Nat Immunol, 2007,
8: 825-34

Zhang XL. Roles of glycans and glycopeptides in immune
system and immune-related diseases. Curr Med Chem,
2006, 13: 1141-7

Ma Y, Chen H, Wang Q, et al. IL-24 protects against
Salmonella typhimurium infection by stimulating early
neutrophil Thl cytokine production, which in turn
activates CD8+T cells. Eur J Immunol, 2009, 39: 1-12
Garg A, Barnes PF, Roy S, et al. Mannose-capped
lipoarabinomannan- and prostaglandin E2-dependent



694

23%:

[20]

(21]

(22]

[24]

[25]

expansion of regulatory T cells in human Mycobacterium
tuberculosis infection. Eur J Immunol, 2008, 38: 459-69
Green RS, Stone EL, Tenno M, et al. Mammalian N-glycan
branching protects against innate immune self-recognition
and inflammation in autoimmune disease pathogenesis.
Immunity, 2007, 308: 308-20

Li DQ, Li Y, Wu X, et al. Knockdown of Mgat5 inhibits
breast cancer cell growth with activation of CD4+T cells
and macrophages. J Immunol. 2008, 180: 3158-65
Lefebvre J, Giordanengo V, Limouse M, et al. Altered
glycosylation of leukosialin, CD43, in HIV-1-infected
cells of the CEM line. J Exp Med, 1994, 180: 1609-17
Brockhausen I, Kuhns W, Schachter H, et al. Biosynthesis
of O-glycans in leukocytes from normal donors and from
patients with leukemia: increase in O-glycan core 2 UDP-
GlcNAc:Gal beta 3 GalNAc alpha-R (GIcNAc to GalNAc)
B(1-6)-N-acetylglucosaminyltransferase in leukemic cells.
Cancer Res, 1991, 51: 1257-63

Huang MM, Tsuboi S, Wong A, et al. Expression of
human Wiskott-Aldrich syndrome protein in patients' cells
leads to partial correction of a phenotypic abnormality of
cell surface glycoproteins. Gene Therapy, 2000, 7: 314-20
Backlund J, Carlsen S, Hoger T, et al. Predominant
selection of T cells specific for the glycosylated collagen
type II epitope (263-270) in humanized transgenic mice
and in rheumatoid arthritis. Proc Natl Acad Sci USA,
2002, 99: 9960-5

(31]

(32]

(33]

Berger EG. Tn-syndrome. Biochim Biophys Acta, 1999,
1455: 255-68

Wu YM, Nowack DD, Omenn GS, et al. Mucin glycosy-
lation is altered by pro-inflammatory signaling in
pancreatic-cancer cells. J Proteome Res, 2009, 8: 1876-86
Cole KS, Steckbeck JD, Rowles JL, et al. Removal of
N-linked glycosylation sites in the V1 region of simian
immunodeficiency virus gp120 results in redirection of
B-cell responses to V3. J Virol, 2004, 78: 1525-39
Vigerust DJ, Shepherd VL. Virus glycosylation: role in
virulence and immune interactions. Trends Microbiol,
2007, 15: 211-8

Liu M, Chen H, Luo F, et al. Deletion of N-glycosylation
of hepatitis C virus envelope protein E1 enhances specific
cellular and humoral immune responses. Vaccine, 2007,
25:6572-80

Li PF, Wan Q, Feng Y, et al. Engineering of N-glycosy-
lation of hepatitis C virus envelope protein E2 enhances T
cell responses for DNA immunization. Vaccine, 2007, 25:
1544-51

Shan M, Klasse PJ, Banerjee K, et al. HIV-1 gp120
mannose induces immunosuppressive responses from
dendritic cells. PloS Pathog, 2007, 3: €169

Liu J, Ali MA, Shi Y, et al. Specifically binding of L-ficolin
to N-glycans of HCV envelope glycoproteins E1 and E2
leads to complement activation. Cell Mol Immunol, 2009,
6:235-44



