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Polysaccharides activate signaling pathways of macrophage
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[ Abstract |

lead to the activation of macrophage via multiple pathways and mechanisms. This article intends to

Polysaccharides extracted from various sources are natural active substances, which may

illustrate the signaling pathways of polysaccharides from plants,fungi,algae and other sources,to indentify

the mechanisms on the molecular level ,and to explore the novel target immunomodulatory agents.
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Fig.1 Signaling pathway of polysaccharide on macrophage mediated by receptors

1.1 TLR4 5 FMFSH P TLRs E—
P R FAR B U Z AR, 2 RIA T
P GERANM | 5 W2 , 1 240 A0 E2 240 i
(92180, 2 H AT 58 S5 S R IR i A A
TLR4 117 TLRs ¢ 1 2 2 A8 61, & 2 H L R
Yk B ) 2R (0 3R 55 22 b R AR MR (IR
BLA TLRA SECIRSS 45  FEBERE S (L 26 1
(MyD88) 141 T i3 3l MyD88 it ) {5 5 1%
5’1‘1_1%% fie 2 1 A A 31 (IL-1) 32 AR AR 5E 3
it (IRAK) 4= F B WRAL , S R SR AL N 5

ZARM -6 (TRAF-6) , i A 22 43 24 J5L T
fifi 5 % ( MAPKs 35 ErK1/2 JNK P38) i fk,
AT 35 17 A% % 57 Rl 5-kappaB ( NF-kB ) 75 3 i
fiti (NIK) , NIK F38 7% NF-«B )l & 5 (1kB)
P (IKK) |, fif 1B B Af B NF-xB, i3 3l
SCH o B L DR 1) B SR, 4R R B IO A
e,

AWIEZ N IEWIEZ N RF S N A
Wi =2 2R 22 R BEE E il . b
RZWEVER T TLR4 Hf £ AUFI TLR4 g E



454

L5, S WS B AN (55 5 S i - 569 -

W 200 0 O BF 9 K B, S 2 ok 22 0 A ) 8 S A1
W, G T AT A AR A 2 B, S AT R
TLR4 FKikf s bipg e,
1.2 CDI14 1 CR3 A 3 (W15 & 5% T 38 %
CD14 XJJig Z 4 (LPS) 45 5 B 26 1 1 5 CR3 & i
CD11b F1 CD18 AN K520 i i 26 B 23 -, BE
B B-F R, 76 E EA RIS L5 515 5
i CD14 Al CR3 5 5 Hofh 2 F 32 4k (1]
1 Dectin-1 TLRs) JE Ji 05 5 1% 3 & A 1, 5 15
TG L5 51 . CD14 1 CR3 5 £ i 1
454 G R BENREE C (PLC) , P AL B (1 C
(PKC) Fn g mt LR 3-8 ( PI3K) |, fiff MAPKSs
RABERR AL, JE T 1S A AE 518 5 S St iE
T (STAT) i1 NF-kB, |- i 22 Fh 41 iy [ 4 3 [
FIRFE

IR%E 25 B g i i CD14 J CR3 #H
gih g mat FE7E SR AL & A (INOS)
(AT, H i L 400 1 G 28 305 1 5 T D14 J%
CR3 Ry P BT AT LA 12 3005 300 A 39%
XULHEE CD14 H1 CR3 Ab, 428 Z2 88 14030 1o L
EREELE A AR KT
FEeR): B~ R WE (WGP ) R 5w 41 i P 1% 2 iR
W (Syk) BEFR 1L KT B2 T, e E 2 Fh A
RETEME T IORE G I — 2098 R B, WGP ]
DA T CR3 35 [R] B 53 780 1 v 200 it ok 240 it PR
(AR, 1T MyD88 3ok [ fik [ 784 5 10 41 ffd Xof L4
BRI . LA CR3 A& WGP (i) 8 245
R BIZ A, 1A AT RE @k MyD88 i1 1
HEEE Syk ARG E VA, X RR S5 E
L\ K CR3 J&: B-H M Z (AR, (H &
WFFEAE AR R 7 Z B0 B 40 B i AL 1
AT
1.3 SR A-SMfE 5 SME% SRl 2 M~
FREE AR IR (2 A 5 P 245 F BT 1 A R A 45 44y S
PR ; FL 5 W 40 7 e 3 B T 8 B 0 b A e
PR T HH G , 2 e P 2 IR TR | 55 ) i SR A 4
PRV BA A S, HATHESE Bom, SR A fg
5 CR3 3 1o A [ A 308 6 TG 5 e 20

Nakamura IR &P, 25 FA 35 ROBEHE B 3 55
ARI(SR™T) ELREA ARSI NO, 1iij X SR 3% [
BUE R (SR™T) E g4l i W B SR . &
SR {5 AL 1) W 20 i 5k P38 Al NF-kB,iX 2 4%

ARE RS 1455 30 75 5 B W 0 i iNOS 7%
Besm ek NO B, JE et BH T SRS PN 254 Sk
A LASE A 55 AR SRR S i B R 20 i P38
BERR AL , BHLIET NF-«B 5 DNA #9455, fdi 40 i A
TR Y Rk 32 IR, 3 13 ) 2 A 3 SR Bl
Wit SR —FhAZ k5 B A gs & . RS,
Jin ZFUIESE 55 A SR E 5 SROAT DL BE B Hh
MR A -1 5980, TR LPS i 51
iINOS J [H 2 15, i 2 BH B NO B 4t 2 A
Mo XU SR 1E)3 sh e A it f rp 2
55T ARE R R Y e G G5 SN e 5 3
AN REE RS
1.4 Dectin-l N FHESHE S  Dectin-1
Hi 4 EHEZH B, S I B 220 | ELTE 20 b B4
B Z 4, Hom w5 TLRs P [a)i#%
5 ELWR AN L, 28 22 2530 I )3 20 15 0 200 1) A ik
PEF I MU (ROS) B 7™ A S 4 i IR 5 1) 5
B, Dectin-1 5 FLRZE & 5 T2 )
G2 1A T 2 IR BT i 7 (TTAMD) ST Syk,
Syk i i R A G R A S P 119 2 e 2 R 2 1 /K i
fit-9 ( CARDO ) &5 4y 48 &% A= 28 4k, it i 94 9 5
CARDY 255 1y IKK # B2 B 00 52 & 14, i i
IKK FEfif 1B, B NF-B, J& 3l B W20 i i
WEAAERT o REZEALTFZHE(GSG) X Dectin-1
65 P 2 2 I A P DB R T I T X B A
RIRYAE F, GSG ikl i TLRs fgf MAPKs iR
b SN TR BT . HUBE L2 (SCG)
P54 503 WA E Dectin-1 R R 5 W 40 i
k5 A RELIET, (B 20 32 MyD88 Bl i) 510
XFEBH LY GSG [6] Bt J8 3 Dectin-1 1 TLRs A~
], SCG X Ei g 4 i 3 7% & B — < ft Dectin-1
), X Al g & T SCG 5 GSG 4 Biai s 22 7P
)
1.5 MR/ SWE S MR ZH S W
BRI C BIBEAE R, M2 A8 S B A% 1RO T
R M Lt S N- st 2 M 2, 78 TLR2 1Y
I 2 5 B A Bt sk & A S S i
%, BT MR P& R i i 2 1 AL E A
L

PSS A 91. 5% W H EE B, & MR %
5 BRI, 5| B g 40 i 3R T LA
PEHL IR 284 7 (MHC-11 ) Al 1gGFe B3 1k



570 - WT R AR B )

40 %

(FeyR) 92235 38, MHC- 11 7] DA3R = B v 40
JLAHT R 23 BE T, FeyR U35 5 4 M R
PURHUAR Gl E ik g s &4
1.6 G HEMHMEEZIAAN T 0E T 38 %
ZWES G 5 IR Z AR M A 25 H BN 45 &
J& , AN S EGE S S G 8 BRI Y A
KRG, TEBR PN = AR AR B, RS MM
SR AN G EEBIRZ R 2 14
WA 5 5% AL HG cAMP {5538 B AN s 1k AL A
ERepili

RZZHE(GLBT) Ge5 | &/ BUE IE B 1 40
i cAMP ¥ B PR T w85 H IR A (PKA)
W TR, X %M GLBT 55 G HEH
IR ARGS G 5, B0 M N i R LT (AC)
HEAL ATP i 25— EEREIR A L cAMP, T cAMP
VE RS A5 B0 PKA, 42 34 41 Jfl DNA 1) &
N, BRI o3 G EE . AN, R 2 ZHEiAfE
5 1B /) BRI IS 15 Wk A4 L PN = Wl R JUL e (TP3)
TEEH M (DG) e B A9 T, UEW IP3/Ca” " il
DG/PKC P45l k5 5 T R Z WX E W2
J e BE SRE T A
1.7 ZHREEE AR emg BT %
PR AT 10 U007 38 % A1, 22085 FT LA i L s 2
LR A WA B AL, B W i 2 5 AN
iy 576 4 il gk 14 O B HG G2 S v, T LA DB [ 52
AR5 0 S 2L RO B R AR . b,
A GEUESE , #7224 ] DL i TLR6 |\ TLR2
&N 7 Al R N A S R UN
(GITR) 3% B W 4 o

SR il CR3 i & {i% fb i B& T iE {5 5 70 +
PLC .PKC J% PI3K 3 }% MAPKs STAT NF-«B,
He 2 fith e AH O HE PR B S A 4 o Dectin-1 MR
5 3 I O AT DA 2 A A A
ROS 147 4= Fil NF-kB ()8, TLRs 7£ MyD88
1A 5 N S IRAK, 3F 1 35 /& TRAF-6 F11
MAPKs, 21 NF-xB, JNK = Z A4 T i
TN, 5 20 M 52 B RO, INK U R AT
W I B EE R R IA S FOS 22—
BRI R . 2P LA O R A
JL PR 7 iR RN INOS & R G 22 3k, TR I 4
LR e T RE o

2 ZHEXTE LR IhEE RS0

TS 1) I W 4 L ) A I B 0 R AR
JUT B ¥ 5 A2 0 R 0 5 S 25 0, X o e A4 e 1Y
S R PR AR T B R A A R A 3 D R 2
Ji 2% 1R AH SR 2 AR i R 3k B, SR AR
HAPe A ST, B, NS Z AR L
15 Fes |5 s 4 e 7 4= ROS \NO  TNF-o i1 IL-6, i85
it 1 08 448 e HL X A 200 %) B 2 i 2 T
CD68 113235, #2554 K562 HL-60 J% KCla i
AN A TR o IR S
W E W 40 i, 77 4R TNF-o F1 IL-10, 3 H |
TLR4 . TLR2 } Dectin-1 [ 35357 SE4FEk £
WA A=W S e DR 1T A RF R AZ B A 22
TN, 2 Al 2B F5 X B 40 B A9 38K
TEAE A s (R AR TS 2 AR &
SRS RIET

2k LITIR , Z 0% B AN A e % D RE I Y
14 e S5 AV (s A i 25 W T e Ul
FRT o WG A I 20 3 e R 2,
T ELA [7] 52 4 A S5 14 fi 22 TR A A A B 42
A LR AT FoRE, —Fh 2 Al e Rl e
ZFZRES G G EGR R 5% Sl [ 3L
HT 2S5 Z IR EM 2R, S8R %
T IE 0T B A RS SO AN ], H DR T
ZHER TR TR B B, B T HrF H &
SER I E MR Z R X 2R E5 R I 22 , R AE
WERAR T B RPRAR, 28553 1A [6] 45 44 5
FHEE AN TR T A B IR 5 2 AR B 1 R
PEIREE N T 2 IRA T 2 W5 Fr4
FRFNES ), FF 8 O s B 4 R 38 2, %o
T 2B ) ez AR A e R o

References :

[1] LEUNG M Y, LIU C, KOON J C, et al
Polysaccharide biological response modifiers [ J].
Immunol Lett,2006,105(2) :101-114.

[2] DONG L,XIA S H,LUO Y et al. Targeting delivery
oligonucleotide into  macrophages by cationic
polysaccharide from bletilla striata successfully
inhibited the expression of TNF-alpha [ J]. Journal
of Controlled Release,2009,134(3) :214-220.

[3] BIRK R W, GRATCHEV A, HAKIY N. et al.



454

L5, S WS B AN (55 5 S i 571 -

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Alternative activation of antigen-presenting cells:
concepts and clinical relevance [ J]. Hautarzt,
2001,52(3) :193-200.

BEUTLER B. Innate immunity: an overview [ J].
Molecular Immunology,2004 ,40(12) :845-859.
LOTCT,JIANG Y H,CHAO A L] ,et al. Use of
methods to find

statistical the polysaccharide

structural ~ characteristics and the relationships

between monosaccharide composition ratio and

macrophage stimulatory activity of regionally
different strains of Lentinula edodes [ J]. Analytica
Chimica Acta,2007,584(1) :50-56.

KRALOVEC J A, METERA K L,KUMAR J R, et
al. Immunostimulatory principles from Chlorella
pyrenoidosa - Part 1. Isolation and biological
assessment in vitro [ J]. Phytomedicine, 2007, 14
(1).57-64.

ROEDER A, KIRSCHNING C J, RUPEC R A, et
al. Toll-like receptors as key mediators in innate
antifungal immunity [ J ]. Medical Mycology,
2004 ,42(6) :485-498.

OBERG F,HASEEB A, AHNFELT M, et al. Herbal
melanin activates TLR4/NF-kappa B
pathway [ J . Phytomedicine, 2009, 16 (5) :477-
484.

PARK H J, HONG J H,KWON H J, et al. TLR4-

signaling

mediated activation of mouse macrophages by
(KML-C) [ J].
Biophysical ~ Research

Korean mistletoe lectin-C

Biochemical  and
Communications,2010,396(3) .721-725.
ANDO I,TSUKUMO Y,WAKABAYASHI T, et al.
Safflower polysaccharides activate the transcription
factor NF-kappa B via Toll-like receptor 4 and
induce cytokine production by macrophages [ J].
International Immunopharmacology, 2002. 2
(8):1155-1162.
HAN S B,YOON Y D, AHN H J, et al. Toll-like
of B

receptor-mediated  activation cells and

macrophages by polysaccharide isolated from cell
[J1
International Immunopharmacology, 2003. 3
(9) :1301-1312.

LI X, W X U. TLR4-mediated activation of

culture of acanthopanax senticosus

macrophages by the polysaccharide fraction from
[J]. 7

polyporus umbellatus ( pers. ) fries

Ethnopharmacol ,2010,3(6) :168-176.

[13]

[15]

(18]

[21]

YOON Y D,HAN S B,KANG J S, et al. Toll-like
receptor 4-dependent activation of macrophages by
polysaccharide isolated from the radix of Platy-
codon grandiflorum [ J]. Int Immunopharmacol,
2003,3(13-14) .1873-1882.

LISA A PRICE,CYNTHIA A WENNER, DANIEL
T SLOPER ,et al . Role for toll-like receptor 4 in
TNF-alpha secretion by murine macrophages in
response to polysaccharide Krestin, a Trametes
versicolor mushroom extract [ J ]. Fitoterapia,
2010,81(2) :914-919.

YIN X L,CHEN L,LIU Y, et al. Enhancement of
the innate immune response of bladder epithelial
cells by astragalus polysaccharides through
upregulation of TLR4 expression [ J]. Biochemical
and Biophysical Research Communications,
2010,397(2) :232-238.

TAKEUCHI O, S AKIRA. Pattern recognition
receptors and inflammation [ J]. Cell, 2010, 140
(6) :805-820.

SCHEPETKIN T A, M T QUINN. Botanical
polysaccharides: macrophage immunomodulation
and therapeutic potential [ J]. Int Immuno-
pharmacol ,2006,6(3) :317-333.

LI B, CRAMER D, WAGNER S, et al. Yeast
glucan particles activate  murine  resident
macrophages to secrete proinflammatory cytokines
via MyD88- and Syk kinase-dependent pathways
[J]. Clinical Immunology, 2007, 124 (2) :170-
181.

ACTON S L,SCHERER P E,LODISH H F,et al.
Expression cloning of Sr-Bi,a Cd36-related class-B
scavenger receptor [ J]. Journal of Biological
Chemistry, 1994 ,269 (33 ) .21003-21009.
IICHMANN A, BURGDORF S, SCHEURER 8, et
al. Glycation of a food allergen by the maillard
reaction enhances its T-cell immunogenicity: Role
of macrophage scavenger receptor class a type |
and T [J]. Journal of Allergy and Clinical
Immunology,2010,125(1) ;175-183.
NAKAMURA T, SUZUKI H, WADA, Y, et al.
Fucoidan induces nitric oxide production via p38
mitogen-activated protein kinase and NF-kappa B-
dependent signaling pathways through macrophage
LIl

Biophysical Research Communications, 2006,

scavenger receptors Biochemical and



- 572 - WL R #2540 (22 ) 5540 &
343(1) .286-294. chinensis ( Haw.) Berg [ J]. International
[22] YANG J W,YOON S Y,OH S J,et al. Bifunctional Immunopharmacology, 2006, 6 ( 11 ). 1634-

(23]

(24]

[25]

[26]

(27]

[28]

(29]

[30]

effects of fucoidan on the expression of inducible
nitric oxide synthase [ J]. Biochemical and
Biophysical Research Communications, 2006,
346(1) :345-350.

UNDERHILL D M, ROSSNAGLE E, LOWELL C
A, et al. Dectin-1 activates Syk tyrosine kinase in a
dynamic subset of macrophages for reactive oxygen
production [ J]. Blood, 2005, 106 (7 ) : 2543-
2550.

BROWN G D. Dectin-1; a signalling non-TLR
pattern-recognition receptor [ J]. Nature Reviews
Immunology ,2006,6( 1) :33-43.

HARADA T, N OHNO. Contribution of dectin-1
and granulocyte macrophage-colony stimulating
factor ( GM-CSF) to mmunomodulating actions of
beta-glucan [ J].
macology ,2008 ,8(4) :556-566.

GUO L, XIE J H, RUAN Y Y, et

Characterization and immunostimulatory activity of

International Immunophar-

al.

a polysaccharide from the spores of Ganoderma
1]
macology ,2009,9(10) :1175-1182.

CHAUNG H C. HUANG T C, YU J H, et al.

Immuno-modulatory effects of beta-glucans

lucidum International Immunophar-

on
porcine alveolar macrophages and bone marrow
haematopoietic cell-derived dendritic cells [ J].
Veterinary Immunology and Immunopatho-
logy,2009,131(34) .147-157.

SATJO S,FUJIKADO N,FURUTA T,et al. Dectin-
1 is required for host defense against Pneumocystis
carinii but not against Candida albicans [ J].
Nature Immunology,2007,8(1) :39-46.

GAZI U, L. MARTINEZ-POMARES. Influence of
the mannose receptor in host immune responses
[ J]. Immunobiology,2009 ,214(7) :554-561.
LIU C,LEUNG M Y K, KOON J C M, et al.
Macrophage activation by polysaccharide biological

response modifier isolated from Aloe vera L. var.

[33]

[37]

1641.

LI MING, CHUN , L D S, et al. Effect of
ganoderma polysaccharides on ¢AMP in murine
peritoneal macrophages China [ J]. Journal of
Materia Medica,2000,25(1) :40-43.

LI MING,CHUN, L L S, et al. Effect of Ganoderma
lucidum polysaccharides on inositlo trisphate and
diacylglycerol in murineT cells [ J]. China Pharm
J,2001,36(8) :522-526.

BELSKA N V,GURIEV A M,DANILETS M G, et
al. Water-soluble polysaccharide obtained from
acorus calamus L. classically activates macro-
Thl [J].
International Immunopharmacology, 2010, 10
(8):933-942.

WEIL S D, YANG K, GONG J P. Effect of GITR/
GITRL signaling syetem on macrophage [ J]. Cell

phages and stimulates response

and Molecular immunology, 2009, 25 (12) .
1207-1209.

CHAUNG H C, HUANG T C,YU J H, et al.
Immunomodulatory effects of beta-glucans on
porcine alveolar macrophages and bone marrow
haematopoietic cell-derived dendritic cells [ J].
Veterinary and
thology,2009,131(3-4) .147-157.

WANG J, ZUO G, LI J, et al. Induction of

Immunology Immunopa-

tumoricidal  activity in  mouse  peritoneal
macrophages by ginseng polysaccharide [ J ].
International Journal of Biological Macromole-
cules,2010,46(4) :389-395.

DERGUNOVA M A, ALEXEENKO T V,
ZHANAEVA S Y, et al. Characterization of the
novel chemically modified fungal polysaccharides
as the macrophage stimulators [ J]. International
Immunopharmacology,2009,9(6) ;729-733.

[ TAE 4 FRit ]



