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Abstract: Plant polysaccharides have immune-regulatory function and can be widely used in medical and health food

industries as immunomodulatory agents. Nuclear factor kappa B (NF-kB), as one of the nuclear factors regulating gene

transcription, plays a critical role in the regulation of multiple genes in macrophages. Many studies have shown that plant

polysaccharides induce immune response of macrophages through NF-kB signaling pathway. This review describes the

composition and regulation of NF-«kB signaling pathway as well as the mechanism of NF-«xB activation by the plant

polysaccharide-mediating receptor on the surface of macrophages. This review can provide a reference for further study of

plant polysaccharides.
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FxBF4] (-GGGACTTTCC-) Hpéss, AT HILHZE
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M BETE ST ROER SE RN R R IR S 2 R AR
HRREERE, JZAAE T AT,

1.1 NF-«B/Rel& A5 M L 4%

Wi LB M) 41 i FNF-k B R R B 3555 Fi, 4393
#&Rel-C. NF-kB1 (p50/p105) . NF-kB2 (p52/p100) .
Rel-A (p65) . Rel-B', X5 fiEA#SH 124k
300 NSRRI S E oK v, R A Rel [ JEIX (rel
homogeneous domain, RHD) . %X NS DNALE &
X, ZRELXMZENFS], Rf 5DNA ExBJF4
ghia . 5 EUE B YR IR IR DL R S ] B H IkB
(inhibitor of NF-kB) ZXJ% i i Al BAF FH IF 440 4% € 45
‘5 (nuclear localization sequence, NLS) , Z5iELIK)
NF-B i 41§ )5 (7] 40 B A% R AL 30 55 T e

MRIELEH . THRELA A BT AN, WK Rel & H 4y
W, —2Np50 (NF-kB1) Hp52 (NF-xB2) , 434l
& A7 C- R i i 2 1 B 7 A K AT AR 2R F p 105 ATp 10038
i =R (adenosine triphosphate, ATP) {&#iE A
IK AR RE AR T T B, AT 5 AR SRR HE At ke 57 45 6 il —
RN, HHAA %S 5DNASZ S HRAD,
TR X R EAE T 55— K NRel-A (p65) .
Rel-BAIRel-C, EAIEAFIAEN, FRRHDSL, i&F—
A ABETIE VK . NF-xB LA — 38 14 58 5 92— 3%
WAL, REE N LpS0-p6s I ik, efflH
K BINF-kB_E 3 K %351,

1.2 NE«BHIilHE [ —IBHRIKBEE (B kinase, IKK)

TEIEF MM, KEBHNF-«B AR 5 40 i i
HAEI R (IeBs) 45 G 1 A B 8% A 22 41 A% 45
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Y LAkBa. IkBBLA K IkBetf A E E, EATHTECH;H —
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MY BE 5 M NF-«B0E 8 2%, 11 BT A AR oK &
JH 20 B T S BUE R B B L TR, X e B2 B
RIEA IR TR I, HENF-«BEGH 8 B H P FE RS .
DAL, TKK B FEAR 48 9 Je B R 75 5 NF-« B Ak o
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W& (nitric oxide, NO) . FA4fi/Z (interleukin,
IL) . MJEERZERF (tumor necrosis factor, TNF) %%,
Ho v 2 #5 G B R AEA %

NF-«BJ& % 900 [ B — 41 2 0 s -, 3
TR RN SE T BB R RN IIER,
75 VRN I s R B EEE R, REF24ES
BRA LS 5ERAMEE, BTG RESRE
HR AT U= 45 T B2 77 AR 2 E AH S I A B R 1 Je 5 5 Y
—E MR ABE (inducible nitric oxide synthase, iNOS) [
Kk,

2.1 NF-xBE 15 % Ff 2 ffa 57
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X%, WNEEMRATNF-0. IL-1B. IL-6AIIL-10%%, X
e 7] g PR 7~ 45 CLIF SE ] 2 NF-B ", KEMFR R,
TNF-af1TL- 1B A 5 RE R s IE AR 2%, 17 HAE %2
NF-kBiH#ZE IR, 3% XCA] i — B ORNF-«BE 1,
Gl H A A 5T R, IX AT B — N NF-xB 5 41 i [ -
W% 2 A1) IE S5, TR TR g As 51

ARSI N R - BT A% Cantinuclear
antibody-1, Ana-1) 4R FHINF-xB p65 3 K JTERE A kb
PG, RIMEFINF-kB p65 siRNAR] A 2## Ana-140 )
WIS K G2 kE (lipopolysaccharides, LPS) i iE i
[INF-kB p65H) ik, MM 52 NF-kBii B i #2511 T g2
R FTINF-0. IL-1BFIIL-6 /0, 148 HFIL-103 %2,
F WINF-«BAE P 5 (2 2 BRAM 58 2% i 3 AL O f b B A
HEHA .
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AR N EE G BRE, JREN T2 52
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w AR EFEEIEHNO, ey (HW. 405, W
B AN S RA RMGIER, WAiEE
I N T AR HLAR R A FA R R & 2
AR’ 2 PE (astragalus polysacharides, APS) .
M2 Ed#E % B (spriulina polysacchrides, SPS) . fREZHE
(Poria cocos mushroom polysaccharides, PCSC) . &
Z PEE A AE A NF-«B, i FIHINOSHIRE s im Pk,
kB W40 RN O

WAL INF-kBH 5 S iNOSIE K 5 e B A &
B, FEE— AR R E R S AENO . AN A
TNF-a. IL-1B. 2 B4 38 2 5 R BUE NF-«B .
Sun HonxiangZPF 77 BAEFRBEME 2 B (polysaccharide
from the roots of Actinidia eriantha, AEPS) X} E W54 iy
RAW264. 71 G 3% i 15 /E I, KB AT LR E g B
AR INOM =4, H5NF-xBRELE . kA, Ak

Z Wi (Atractylodes macrocephala Koidz polysaccharide,
AMP) il iU NF-xBH] LA 5 EWE 4 fENO. TNF-a
MIIEN-y2E (™ . L0212 B (red ginseng acidic
polysaccharide, RGAP) AJid it i1 %% 3% A NF-xB
7S E R4 AENOY ., 20 &t RS 1 T W4 i
HHIKBIIBERR (L, fINF-«B/Relififb G # NGIHEZ, I 5
INOSEE K )5 8 7 [F ISR AL A Z5 &, AT 0 HINF-xB
TR IIINOS I FIA,

3 HaHET B P NF-«BRTE 1L

ERIRINSE R EZR AN S =R 2 IRR R A SR BV
SRR T, %R S AR B R O B SR ) 2
P, AT E S8 BN PR AT HE B B R A SR e AP
91 5 2 05 R 0l 1) AH 9K 32 AR A Tollde 2 4k (toll-
like receptors, TLRs) . £ W32 {KCD14 (cluster
of differentiation 14) | #ME3% & (complement
receptor 3, CR3) . JHIE KAk (scavenger receptor,
SR) . H#&E#EZ/A (mannose receptor, MR) Ll
SERAMMI A S EC R EEEE 21 (dendritic cell associateded
C-type lectin-1, Dectin-1) %, ph4b, Y2 Mt nl i@
EWFERNFERA KBS . HZEN 50 E R
ME SR S R, REFGZRESEESS5ER
S M PR O AR R A P R L B R 5 1 i 3 NF -« B
WA, RS EAH G EE R R R A B, ZREXS
NF-«BHIWEHEHFAEBE 2 ERAER, AT RRiEZ
BERT DA G . B, S8CA M Z 8 (Dendribum
nobile polysaccharide, DNP) P U1K ki 22§ T £ Wi
(Plantago asiatica L. crude polysaccharide, PLCP) ©°
" LAt E B £ #E (lipopolysaccharides, LPS) %S
XN BRI s B R 2 B K A AE A, fETNF-a. ROS. NO
A IR, 6 2 W5 S 0 B R A M b 3 B2l i
NF-«BI iR Z&55A, R 20 ml e dl i T NF-«B 1)
PER KA S W E
3.1 HITLRs/ 5 EMEZ0 i hNF-kBRIE L

WFERIL,  TLRSGIEAE SR M e - R S F,
SPARTLR1/2/4/5/6/10453 A T E W4 21l , TLR7-9/1147%
T bR, RATLR2/4RE0 45 & ML fC k. b,
TLRA B A 7€ oy B 40 xof K 40 22 i 110 3 SR 32 4
TLR4Z R A A H LPS I A T 90F [ B 32 B2 44,
FEME— BERI T4 Bl 3270 188 & 70 L [H 788 (myeloid
differentiation primary-response protein 88, MyDS88) .
MyD88#:3: i H (MyDS88 adaptor-like protein, MAL) /TIR
5% H (TIR-associated protein, TIRAP) . TRAFZE&
[ (TRAF-interacting protein, TRIP) . TRIFAH K2
3k4rF (TRIF-related adaptor molecule, TRAM) f&i#{5
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o ZE A N O T A 5% 23 T 0 A B - 1R AR O
(interleukin-1 receptor-associated kinase, IRAK) . iy
IRGEIK 52 A A0 [l -6 (tumor necrosis factor receptor-
associated factor 6, TRAF6) KNF-xB, MIfijfeidt 4 M H
TRITF W S 44, eiE A8 i & P A B A 115 5
I 5 BT A
WAL, YL HEAT LGEE TLR4, TLR23Z {4/

T ELRR AR BSOS A0 A5 S, (AR G AR B T
B, R ThEE™ . WSR2 (Sargassum
fusiforme polysaccharides, SFPS) i#il TLR4/NF-kBi&/A3i%
MEfE BN, 55 R R LA R T FINO K = AR R

K3 £ P# (rhubarb polysaccharide, RP) j@id TLR4/
MyD88/NF-kBi& 1215 5 B W 41 f s, I/~ A 1L-1B.

F4ZEP C(interferon-p, IFN-B) . IL-6 2 TNF-a2s 4 il
AP, PRI B R 2 L (Ganoderma atrum
polysaccharide, PSG-1) FEg5i4ZARZETLR4, T H
WE B T S B O TLR 4/ PE 48 (reactive oxygen
species, ROS) /WMGEENLEZ3 ¥ (phosphoinositide-
3-kinase, PI3K) /& HlEB (protein kinase B) . #&
M EFAkt (protein kinase Akt) /%2 % JF T 15 M I il
(mitogen-activated protein kinase, MAPK) /NF-xBf§%5
g (E2) .

Fieite

ERK1/2. extracellular signal-regulated kinase 1/2 (Jfd#ME 5 47T id#1/2)
DPI. diphenyleneiodonium ( —FXFM) ; NAC. N-acetyl-L-cysteine (N-Z. k-
L5 ; Rac-l. Ras related C3 botulinum toxin substrate 1 (RastflS%f AR
ZEMD) 5 INKI/2. c-Jun. N-terminal kinase 12 (c-Jun 1/2&E A0
B2 PSG-Lifid TLR4/NF-BR % B vl fa S @™
Fig.2  Signaling pathway of PSG-1 as an activator of macrophages
through TLR4/NF-kB™?
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MyD88{K i {5 T 4% Fi@ B . HAEFHMLEI N : i shs
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it J A% 5 8 00 P9 . TLR4 AT LLFE 40 g 9 5 MyD88 4%
4, MyD88H 5 2 H W/ 75 A PR B IRAK 45 &, 455 )5

IIRAK £33t — 3 BB TRAF-6, 0% (I TRAF-67] LA &
NF-«BA | ) (¥ S Tk BREAT W5 IR AL I P, {ENF-xB
B DR T I IB/NF-xB = AR OB ok, I 4t
U BAMIZ N, S5 B R B P 51 i Bl R 4%
K, JFAES LR SRER T I TNF-0 TL-1. IL-655H]
Fik,

T3 — Pl MyD8SAE M Y5 5 4% il . 12T
FTLRANAL E NI A4 B H 3, JNF-kBAIF L&
P45 A3 (interferon regulatory factor-3, IRF-3) [FJ%E
RS . AN FK1%Z24K (toll interleukin-1 receptor,
TIR) " EATIREG K, RIFEFTMRNBELEAST
(TIR-domain-containing adapter-inducing interferon-f3,
TRIF) , @ TRIFAH KL EH 7T (Trif-related
adaptor molecule, TRAM) S5TLR4#i#%, JF5TRAF64E
o T REMyDSSHK MM ik 42—, WOSIKKsHE &
i, Bz RAPEME, & FENFBIEWN, FHBA
ZEYUIZA, 55 M SORE A0 IR T 1 4 B
3.2 HCDI144> T EE4H M HNF-kBH S AL

CD14% A4 42 CD14 (membrane CD14,
mCD14) FIA[#ECD14 (soluble CD14, sCD14) ., H
Wi 20 i o 2 ZEAmCD 14, o — P 3 B4 A 7E A% A0 A
g R4 I 2 1T 4 1 PR B ONSS KDIREER (35, SE i
L1 i I VLI 8 ] T A M, R LPS ISR A ) 2 Ak .
LPSHSeti4si & A (lipopolysaccharide bindingprotein,
LBP) %I, LBPILPS{L4CD14, CDI45LPSHE A
NG5G, I LB IR URE I 7 2\ [ 2E 20 f B A LPS
BRI JAE SN o

KimZE 0 78 R ILCD 144044 7] LS AR LP S Xof B A% 41
PRLFRT RIS S, HL BRI 55 HouT P ENF-k BTG AL o 13 B
CDI14MILPSH 25 & A8 G e S B Apld EEAE ] . CD14gk =
PN AN A S5 4, 5 25l TLRMEBLPS(S 5. TLR4
TG AT MR SN LA DU G RS s o e v, Wik B
HHIREENO,  J H ] LLid i i FIL- 1 B TNF-or 55 2 i [X]
TR R G B, Keestra Y L TLRS/NF-kB
BRI I CD 14 7] ARG AR 45 & J5 WOS TLRASZ 4K, A
1M 51 K NF-xBIEAL o
3.3 HHCR3/3 BN HNF-«B)E 1L

CR3)"ZAFE T ELWR 4 M 2 1H0, e 3 o i et 28 4
it 5 0 440 2 T P B M G i A WA R, R T AE A 9 T
W A EEEMH . CR3&Z HafIpp ok LA LM B 45
G R e ZBARRE SR L AT RA IR 0 R) &b B -1

(intercellular cell adhesion molecule-1, ICAM-1) .
& CRIZSR Fr W 45 & 11 &1 (iC3b) FB-H EFE™ . Yan
Jun 5O /N B R A0 i 1Y CR3 52 14T 1 AN 7 45
Xigh: — DML SHE RS S, DA LL5IC3b4Ei G,
CR3%Z A 5 4] Rk 45 & J5 T (2 2 W 4 0 iC 3 b i 2211
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MR EAE . HAE RN v CR3/ES 2 BRI 45
& Ja ] LGS B AR EC  (phospholipase C, PLC) , [z
WO B H I C (protein kinase C, PKC) FIPI3K, #F
MHWIEMAPKHINE-«B, 1 1 2 M o D] 10 2k R e ik
AR Bldn, A2 HE B CR3IAHRAW264. 741
M p3s MAPK BRIk, S NF-«xBIGAL, Mifiif
BRI IENRIA ™. RZMAMEZHE (polysaccharide from
G. formosanum, PS-F2) iZCR3. Dectin-11f &t
NF-xB, S TNF-afEE g m™. x5k 2 h
(Dictyophora indusiata polysaccharide, DP1) i#ifCR3
K EIHRAW 26475 W4/l HNO. TNF-af1IL-6] 7
W, I H5NE-xBREL A =M,
3.4 HSRATERRA M NF-BREL

SRAJ 25 Z FilC A&, 7E B MR 4 M5 B B . T &
Bt LA S A5 5 S AR b R B AR ] . SREf2 Mg R
SERIEL 2 ARSI AN RSNE ISR RSB
M 200 0 7 e B TH 8 % A WA A L BR T A 9% BT ALK BASR
T fit 5 CR3E A [ 1 Je it 5 et

Nakamura% "B 50 R I, #6578 2 B e B £ AL S
WEAN MR ENO,  HAT W R IO R, X SRAE P ik g
RE MR AR TE s SRR o @ E 5 4 T i B2 5 i —
A UIE W] 28 SRYE AL 1) 2 Wit 41 Jf 38 5 P38 MAPKAINF-«B,
XA BT RS 5 il B 15 5 B R AT INOSTiF 14 1 58,
PEBENOREI . 3 I BH T SR Py 45 gt AT A 56 4 410 1) 4 75
ZPEF T BRI P38BERL (L, PHIFTNF-«B 5 DNAJK 45
By AT BR A DG FE R ) R RZ IR, 3K U W e 5 2
WUl I SR—F 2 7k 55 B g 21 i 45 4 p38 MAPK IS £
e A7, WcAMP N IGHREE A 8 (cAMP respone
element binfing protein, CREB) . &tk -1 (activator
protein-1, AP-1) %%, JZHERFEFEK L i, £
sk K AR Rk . th, 1832 HEiEIdp38
MAPK A0 B WA AT e 5 NF-«B AT Wp R RN o
3.5 MRS T ERRA L P NF-«BI)EL

MRZCHI B R AR Rl 7, el i
55 H WS AR gy P BRI 38 (carbohydrate
recognition domain, CRD) [A][{J#50 45 & 5] 2K E
MR, e —RIHE S-S REEE
Wik 20 P, 3 T R R G Gl T T M I 0 4 i
I M 5 A Y % I Y b D B R A i 3K T AR R &
MR, RUEAIE RPN E RN R EEAE . HER
WSz Ak S 2 AR SS & 5, w] R B A i Y
MGG R, WO SN FNF-xB, PEANEMER, JEES
Paluziil o] S s
3.6  HiDectin-152 144 T EWEAH I -HNF-KBIKJE L

IR MEZ A Dectin- 1 AW B A, SEREBEZ 0. H
T 220 S - SR AR 2R 52 A . HLlF 5 TLRs PR

BoE B AR, 22 2 S5l R Bl AR Y A AR
ROSHI ™A= K AN AL T ) & BRI ™ . Dectin- 15 BC iR 45
A Ja IR G AR A TR WOE £ - (immunoreceptor
tyrosine-based activation motif, ITAM) ¥4i&Syk, Syk{&
BER A RF A IER MR E AR 4 E H (caspase
recruitment domaincotaining protein 9, CARD9) &5#4
R AR, BETTIA Y 5 CARDO S, £ (MK KRR B s
a4k, @I IKKEERIB, FSNF-«B, J&3x A
s AR ™ B, R Z 1 2 X Dectin- 11l #
5 8 TR Y G 20 B80S 3 0 A T JH 0 R ke 4 i
(I A K AL 52k £ B 38 i Dectin- 1/Syk/NF-kB
T OE ERR 2, {2 i TNF- o1 IL-6 55 41 g 5 5 1)
R
3.7  NF-«BILAtE L it

R 15 3 AR EATE I3 BN A i 4, HEA) 2 Bl ik
AT LU I A A @ AR N BRI N ER . 5 ek SR B AN
FIRIE, BARWRRIED ZHE > T 5, A el
(IR 25 i 1 I 0 6 PAY 0 308 3o R R ) i A A T e
IEAENF-k B I AL EL R AR, KA G 5 1 Y,

4 & WA

T 22 W R G 3. 35 A7 AORMIR B3 1, 8N —Fb
A NBI RPN 1T LR GH M Je R M S B EEAE
R, AT DU 7306 P 240 B DR R 1 5 LA s g

C A VF 2 Wt FUUE SEAE Y 22 B8 8 0 48 i A 1 755 2
RE, SRS T AL R Sk 2 LU R B, B AR
N o ASCEF XY 2 B i NF-xBA5 5 30 B 110 3 4k e
YRR AE LB EAT T AN 2R, R IINF-kBXS E b
2 L ) B 2 R T T e 2 R de 0 AT A i N A S
Al L — e R RE R T (W TNF-a, IL-1B. IL-6) Fi
INOSEE L, HET LR L Dhfe . HEY) 2 BN
MU, 5 B gH ik A 1 75 2208 2 i i 8 =GR
WAk (4NTLR4. CDI14, CR3%) miilid BN w1k
FH o SRTTAS 10 388 3o W38 b 52 % 3R i 15 e 4 o 4 e 0% 220 —
RINE 54 FIHENF-xB, M R RIA.
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RN TR 2RI S B T DR TR S %

EEPpd

[1] PERSIN Z, STANA-KLEINSCHEK K, FOSER T J, et al. Challenges
and opportunities in polysaccharides research and technology: the
EPNOE views for the next decade in the areas of materials, food and
health care[J]. Carbohydrate Polymers, 2011, 84(1): 22-32.

[2] LEUNG MY K, LIU C, KOON J C M, et al. Polysaccharide biological
response modifiers[J]. Immunology Letters, 2006, 105(2): 101-114.

31 ¥, Brg MMEREEY SIS A R T ERREE,
2014(15): 29-30.



XA ERA

E6mill=

2015, Vol.36, No.23 293

[3]

[6]

[7]

[8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[1e]

[17]

[18]

[19]

[20]

[21]

[22]

SEN R, BALTIMORE D. Inducibility of k immunoglobulin enhancer-
binding protein NF-kB by a posttranslational mechanism[J]. Cell,
1986, 47(6): 921-928.

PAMUKCU B, LIP G Y H, SHANTSILA E. The nuclear factor-
kappa B pathway in atherosclerosis: a potential therapeutic target for
atherothrombotic vascular disease[J]. Thrombosis Research, 2011,
128(2): 117-123.

ZHAO Na, WANG Ruizhi, ZHOU Liangji, et al. MicroRNA-26b
suppresses the NF-kB signaling and enhances the chemosensitivity
of hepatocellular carcinoma cells by targeting TAK1 and TAB3[J].
Molecular Cancer, 2014, 13(2): 35-46.

986, EAT, Bl SR T «B 5 55 SRR N RS S AT
HUHIE 7E kR [J]. S EE 2244 &, 2006, 22(11): 1332-1334.
THOMPSON J E, PHILLIPS R J, ERDJUMENT-BROMAGE H, et al.
IkB-p regulates the persistent response in a biphasic activation of NF-
KB[J]. Cell, 1995, 80(4): 573-582.

HINZ M, SCHEIDEREIT C. The IkB kinase complex in NF-xB
regulation and beyond[J]. EMBO Reports, 2014, 15(1): 46-61.

LUO Junli, KAMATA H, KARIN M. IKK/NF-kB signaling: balancing
life and death-a new approach to cancer therapy[J]. Journal of Clinical
Investigation, 2005, 115(10): 2625-2632.

LI Zhiwei, CHU Wenming, HU Yinling, et al. The IKKf subunit of
IkB kinase (IKK) is essential for nuclear factor kB activation and
prevention of apoptosis[J]. The Journal of Experimental Medicine,
1999, 189(11): 1839-1845.

SUN Shaocong. Non-canonical NF-kB signaling pathway[J]. Cell
Research, 2011, 21(1): 71-85.

LIU Shufang, MALIK A B. NF-xB activation as a pathological
mechanism of septic shock and inflammation[J]. American Journal of
Physiology-Lung Cellular and Molecular Physiology, 2006, 290(4):
622-645.

SHAO Hongjun, LOU Zhiyuan, JEONG J B, et al. Tolfenamic acid
suppresses inflammatory stimuli-mediated activation of NF-kB
signaling[J]. Biomolecules & Therapeutics, 2015, 23(1): 39-44.

My, HERAE, TKOOHE, & AT RXTLPSE S A 41N 21 BRI
BRISENALT]. o [ B B, 2010, 26(9): 1796-1800.

WARD P A. Acute lung injury: how the lung inflammatory response
works[J]. The European Respiratory Journal, 2003, 44: 22S-23S.

ARG, 23 gfiEE, 5. RNAITTERNF-kB p65% /) 5 ELW 21 i 41 i
2B S ma )], o R A AR, 2011, 27(7): 1264-1269.
HUANG Zhi, HOFFMANN F K W, FAY J D, et al. Stimulation of
unprimed macrophages with immune complexes triggers a low output
of nitric oxide by calcium-dependent neuronal nitric-oxide synthase[J].
Journal of Biological Chemistry, 2012, 287(7): 4492-4502.

MR, R, B SC. RE 2 B R A A S R FR ().
rh A 2 5 05 TR AR, 2008, 24(4): 307-314.

SUN Hongxiang, ZHANG Juan, CHEN Fenyang, et al. Activation
of RAW264.7 macrophages by the polysaccharide from the roots of
Actinidia eriantha and its molecular mechanisms[J]. Carbohydrate
Polymers, 2015, 121: 388-402.

JI Guangquan, CHEN Renqiong, ZHENG Jianxian. Macrophage
activation by polysaccharides from Atractylodes macrocephala Koidz
through the nuclear factor-xB pathway[J]. Pharmaceutical Biology,
2015, 53(4): 512-517.

BYEON S E, LEE J, KIM J H, et al. Molecular mechanism of
macrophage activation by red ginseng acidic polysaccharide from
Korean red ginseng[J]. Mediators of Inflammation, 2012: 732860.
doi: 10.1155/2012/732860.

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B1

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

JEON Y J, HAN S B, AHN K S, et al. Activation of NF-kB/Rel in
angelan-stimulated macrophages[J]. Immunopharmacology, 1999,
43(1): 1-9.

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

FONER, SR BIRE, & SPUCH B2 RN IR 20 SN RS
I3 1 I 440 43 SA TNF-aNO [ B2 [1]. 22 td ol Rl 22, 2009, 37(28):
3634-3635; 3672.

ARI5AF, AR, TLAR W, %L ORI ZE T F 2 0 xR 2 0
RAW264.7 S g A0 A S 2 35 1 I [0]. Rk, 2014, 35(23):
249-252. doi: 10.7506/spkx1002-6630-201423048.

LI Fuhua, XIANG Jianhai. Signaling pathways regulating innate
immune responses in shrimp[J]. Fish & Shellfish Immunology, 2013,
34(4): 973-980.

MORESCO E M Y, LA V D, BEUTLER B. Toll-like receptors[J].
Current Biology, 2011, 21(13): 488-493.

LI W, YAJIMA T, SAITO K, et al. Immunostimulating properties
of intragastrically administered Acetobacter-derived soluble
branched (1,4)-f-d-glucans decrease murine susceptibility to Listeria
monocytogenes[J]. Infection and Immunity, 2004, 72(12): 7005-7011.
CHEN Xiaoming, YU Guoqing, FAN Sairong, et al. Sargassum
fusiforme polysaccharide activates nuclear factor kappa-B (NF-«xB) and
induces cytokine production via Toll-like receptors[J]. Carbohydrate
Polymers, 2014, 105: 113-120.

ZHANG Xiaolong, WANG Jin, XU Zhuozai, et al. The impact of
rhubarb polysaccharides on Toll-like receptor 4-mediated activation
of macrophages[J]. International Immunopharmacology, 2013, 17(4):
1116-1119.

ARk R Z DR G M ATE T I UERPLBI[D). FE: FE K
2%, 2014: 16-59.

YUAN Xiao, DENG Yan, GUO Xueling, et al. Atorvastatin attenuates
myocardial remodeling induced by chronic intermittent hypoxia in
rats: partly involvement of TLR-4/MYD88 pathway[J]. Biochemical
and Biophysical Research Communications, 2014, 446(1): 292-297.
SRS, SR 2 WS LI 4 1 G 2 Ty BE (¥ 15 SO TLRAE 5 3d B% 1)
SMD]. L 5 H KA, 2012: 62-70.

R, B AN AR 14 R BIF TRt R B SC[D). R R A S
[BEat 2%, 2011, 10(3): 215-217.

KIM D, KIM J Y. Anti-CD14 antibody reduces LPS responsiveness via
TLR4 internalization in human monocytes[J]. Molecular Immunology,
2014, 57(2): 210-215.

PALSSON-MCDERMOTT E M, O’NEILL L A. Signal transduction
by the lipopolysaccharide receptor, Toll-like receptor-4[J].
Immunology, 2004, 113(2): 153-162.

KEESTRA A M, van PUTTEN J P M. Unique properties of the
chicken TLR4/MD-2 complex: selective lipopolysaccharide activation
of the MyD88-dependent pathway[J]. The Journal of Immunology,
2008, 181(6): 4354-4362.

ROSS G D, VETVICKA V. CR3 (CD11b, CD18): a phagocyte and NK
cell membrane receptor with multiple ligand specificities and functions[J].
Clinical & Experimental Immunology, 1993, 92(2): 181-184.

YAN Jun, VETVICKA V, XIA Yu, et al. f-Glucan, a “specific”
biologic response modifier that uses antibodies to target tumors for
cytotoxic recognition by leukocyte complement receptor type 3
(CD11b/CD18)[J]. The Journal of Immunology, 1999, 163(6):
3045-3052.

GORDON 8. Pattern recognition receptors: doubling up for the innate
immune response[J]. Cell, 2002, 111(7): 927-930.



294 2015, Vol.36, No.23

E6mild=

XA EEE

[42]

[43]

[44]

[45]

[46]

GyBH, BAR, TRAANL. BRI G AL (TR Tt [T,
R 41 i A 23], 2011, 33(11): 1267-1277.

WANG C L, LU CY, PI C C, et al. Extracellular polysaccharides
produced by Ganoderma formosanum stimulate macrophage activation
via multiple pattern-recognition receptors[J]. BMC Complementary
and Alternative Medicine, 2012, 12(1): 119-128.

LIAO Wenzhen, LUO Zhen, LIU Dan, et al. Structure characterization
of a novel polysaccharide from dictyophora indusiata and its
macrophage immunomodulatory activities[J]. Journal of Agricultural
and Food Chemistry, 2015, 63(2):535-544.

ILCHMANN A, BURGDORF S, SCHEURER S, et al. Glycation
of a food allergen by the Maillard reaction enhances its T-cell
immunogenicity: role of macrophage scavenger receptor class A type
I and II[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-kB-dependent signaling pathways through macrophage scavenger
receptors[J]. Biochemical and Biophysical Research Communications,
2006, 343(1): 286-294.

[47]

(48]

[49]

[50]

[51]

FERNANDEZ N, ALONSO S, VALERA I, et al. Mannose-containing
molecular patterns are strong inducers of cyclooxygenase-2 expression
and prostaglandin E2 production in human macrophages[J]. The
Journal of Immunology, 2005, 174(12): 8154-8162.

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

GUO Liang, XIE Jianhui, RUAN Yuanyuan, et al. Characterization
and immunostimulatory activity of a polysaccharide from the spores
of Ganoderma lucidum[J]. International Immunopharmacology, 2009,
9(10): 1175-1182.

CHAUNG H, HUANG T, YU J H, et al. Immunomodulatory effects
of fp-glucans on porcine alveolar macrophages and bone marrow
hematopoietic cell-derived dendritic cells[J]. Veterinary Immunology
and Immunopathology, 2009, 131(3): 147-157.

FANG Jianping, WANG Ying, LU Xiaofen, et al. Structure of a
f-glucan from Grifola frondosa and its antitumor effect by activating
Dectin-1/Syk/NF-«xB signaling[J]. Glycoconjugate Journal, 2012,
29(5/6): 365-377.



