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Immunoregulatory Mechanism of Polysaccharides from
Natural Plant Resources
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cyte), B YZ(B lymphocyte), HAA|E (mac—
rophage), NKA||2(natural killer cell)?} =24t
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o 9o gstol MAAE
Aok ~8A1e A% 4= Qi
o] tfAl= ‘active site
F A E= o2 749 bio-
He 7HAAL e, -84 T
AL e olA=8A] (pattern recognition re—
ceptor‘ PRR) ©|® PRR tirhro] HYA njAy

52 HUA A EAFH (pathogen—associated
molecular patterns: PAMPs)Z &% HZE
HALZE oAt R AlWd 4 9tk ol

ohgosaccharlde
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1) Dectin—1 (3 —glucan ~&4)). B—Glucan 4
B4 Al EZ(monocyte), tHAAIE(mac—
rophage), $AAM|E(dendritic cell), &5
“H(neutrophils), eosinophils, B— ¢} T-&
I (lymphocyte)ol] YukAo =z HP&]EIE}
Dectin—1 & AN EZ FHo| &4 5}= F
B —Glucan &4 o]t} Dectin—12 B—l,
3-D—glucan ¥} Agsto] A ZE S35}

AlA Y HAES AT 3 A AES o
O71E% v 4 Sl

2) Mannose receptor (MR), Ca®*o] 243} uj
MRE v|AE ¥ 9 mannosyl/fucosyl T
GlcNAc— 23 ligand@t A3ksle], B9
Al A-8-E 7191t} Mannose 84| T4

Table 1. The cell signaling pathway and its related receptors of polysaccharide from natural plant resources

PS target or Combined on the cell-surface Signaling pathway and (or)
Natural plant resource character Receptor and (or) related reaction related action
G. lucidum PS BALB/C mouse lg, TLR—4 B cell -
G. lucidum PS BALB/C mouse TLR4 Macrophages, IL-13 -
. Macrophages, IL—1, IL—6, h
Ganoderma lucidum _ ERK, c—JNK and p38 to induce
TLR4 IL12, IFg STNF_—Oé: é}FM CSF, IL—1 expression
ERK, p38 MAPK, JNK, and
Reishi—F3 - TLR4/TLR2 Human peripheral B lymphocyte | IKK involved in Ig secretion;
Transcription Factor blimp—1
G. lucidum (PS-G) | (1,6)-8—D—glucan TLR-4 Human monocyte—derived DC NF—«B, p38, MAPKs
Ganoderma lucidum | human & murine J774A1 _ PTK MAPKs: ERK, JNK, and
PS (EORP) macrophages TLRA IL=1, macrophages p38
) _ CR1, CR3 & may
Lentinan B—glucan with Dectin—1 Monocytes
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PS target or Combined on the cell-surface Signaling pathway and (or)
Natural plant resource character Receptor and (or) related reaction related action
Lentinan S—glucan SR Human monocyte cells PI3K, Akt kinase, p38 MARK
Exopolysaccharides ’ . . 1 ROS/NO production, cytokine
from liquid culture of ol s%rgggri des Dectin '\1‘,OTLR 2 Macrophages expression, morphological changes;
Lentinus edodes F—1 poly; NF-«B, PI3K/Akt, MAPK
Poria cocoF;v Ssclerotium RAW 264.7 cells ?r?xle(;ﬁ'a_'?r?g %123 Murine macrophages NO, NF—p/;?thgf kinase
" gé;}%j';‘gaf;?@;kai RAW 2647 cells CD14, CR3 Murine macrophages ERK1/2, p38 kinase, NF—«B
Angelan from Acidic PS, C57BL/6, DC; | maturation of tr4** DC, 5
Angelica gigas Nakai | C3H/HeN mice TLR4 CD80, CD8B, MHC—I; IL—12 ERK, NF—~B
) ' Mice RAW 264.7 _
Radix Angelica PS macrophages PTK, p38, MAPK
| CD19" cells; expression of
Pgﬁggzsc?; ZL;OSm Proteoglycan - co—stimulatory molecules, CD80, PKC PTK, Ca®
CD86; murine B lymphocytes
Acidic PS from Mice peritoneal
Phellinus linteus macrophages CR3 Macrophages PTK, PKC, NO
Acidic PS from Bone marrow—derived myeloid
P linteus DC CR3 oG PTK PKC
o RAW264.7 . - MAPKs (MEK—1/2, SAPK/JNK,
Platycodon grandiflorum macrophages TLR4 Macrophages; NO, TNF—« 038 MAPK), AP—1
. TNF—a and NO by peritoneal _
Safflower PS C3H/HeJ mice TLR4 macrophages NF—«B
Acanthopanax . TLR4 (TLR2, TLR4, B cell proliferation and antibody
koreanum C3H/HeJ mice CR3) B cells production
Acanthopanax C3H/HeJ, C3H/HeN MAPKs (ErK 1/2, p38 and JNK),
<enticosus and BOFT mice | TLRs (TLR2, TLR4) B cells and macrophages NF—¢B
Rheum tangticum TNBS=induced ! IFfo, | IL~4, down—
: = MR Macrophages regulation of Th1—polarized
polysaccharide colitis in rats immune response
NF—«B; splenocytes and the
Polyporus umbellatus C3H/HeN mice TLR4 Macrophages production of TNF=e IL—1b and
NO of peritoneal macrophages
: { CD-16, IL—12 p40, IL—10
Polyporus Murine bone-— TLR4 DC T cell-stimulatory capacity,
) h y capacity,
polysaccharide derived DC | phagocytic abilty
Krestin (PSK) Macrophages (J774A 1) TLR4 Murine macrophages TNF—a, IL-6
stgzigﬁzg;gggss’ In vitro RTP: gﬁy ?/IiT:ZS Not Peritoneal macrophages TNF—e, IL-4
Cordlan from . ERK, p38, and JNK, NF-«B
Cordyceps militaris C3H/HeN mice TLR4 bC p50/p65
. NO and TNF—« , phagocytic
Tricholoma matsutake ’ Macrophages, monocytes and .
. B8 —glucans Dectin—1, TLR-2 > uptake and ROS; PI3K/Akt,
TmC-2 splenic lymphocytes MAPK (ERK. p38)
_ RAW 264.7
a1 AA;LEI%Z’OSP " | macrophages; in TLR4 B cells, macrophages ERK, NF—«B
vivo
ZPF1 from yam 4o TNF—a, Erk 1/2, JNK 1/2, and
Dioscorea batatas p —1, 4-mannan TLR4 Macrophages p38 MAPK
Paecilomyces tenuipes Mice peritoneal ;
macrophages 1 NO, iINOS mRNA express NO
Radix astragalus PS | Mice lymphocytes INO, | cAVP, | CGMP, NO—-cGMP

| cAMP/cGMP
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M3, SAVSAIE, PRI A, 414 mesan—
gial ME, 358 A L53F data i)z
e Ect,

3) Complement receptor 3 (CR3, a Mg 2—in—
tegrin, D11b/CD18). A&EAHadhesion
molecule)9} M|Zo} £8AZA CR3= %
83k 983 3t} CR3= N2 38 &
A+—1 (intercellular adhesion molecule—1:
ICAM-1), CR3 cleavage fragment (iC3b)
&} g —glucan 59| ligands= 214/E 4= Qic},
CR3+= F M9 7159 9= 7HA AL Ql=dl skt
< iC3b AgHF-910]aL thE P lectin—29
o= dHA Sl f-glucan ZEF-9loltt,
CR3+ 2 HiANE, NK M2} S5 A E
of ZA5tY g —glucan CR3Y lectin—ZAg+
Fojol Ade 4= gl ol Ae-2 4
M2, NKA|Zef iAo} 2H2 WA 25
= B3 A E veol TF AlEZE FAEHA
AFEAIL 4= QEF ThEo] T

4) Toll-like receptors (TLR), Z<to ¥4
H TLR A7 (innate immunity)®]
A Fagt 98-S ste SEAot. 2H%
=9 TLRS Zute]9] Toll T &z} Q1719
interleukin(IL)-1 84 w9 analogue®]
o TLRE YA E AEE 4= s ==
polyleucine®] F5-stH, AZ o] A5 H
o oAy BREo] 9l IL-1 #8A% &
ARRE G Zska o, QA= E 7t
219] TLRo| 9o TLR-29} TLR—44to| ¢}
GAE Azt Bk Stk TLR2+= A7)
FeWH(Spirulina) thgAIek Agtste] tj4]A
EE A A IL-18 ¢ tumor necrosis
factor(TNF—q )& E0]3}= 2 =3t} TLR4
= f-1, 3—glucan ¥ LPS9} A3lslo] NF-

HHA R CHERS| HAZE 715

—

kB AZAIAAE E9 nitric oxide(NO)2+
IL-1, TNF—a 59| cytokine £H|E ZA3t
=3

5) Scavenger receptors(SR), SRS t}okst li—
gand=9 84 & endogenous ligandZ ¢l
Alsto] AEAY = FASH, f—glu-
can¥} fucose?} & exogenous ligandE ¢!
Aol HoAZE-S Yoty T3 SRS tf4
Mo} A AA 2o R E| o] AN 2] &
g3k} thoket S T AR aa (e HEg
of dAEs At df Setinied 24

AT g HAA2A o chgAol e A+t
7} 15 4849 molecular mechanismo] tf
sto] o] FolAth(Table 1). FAMA(Ganoderma
lucidum)>- BABL/c mouse®] BA|Z2} A A|Z
£ 243 Al 4= oY invirro AHlA TA|
e AR ERT 28y Ganoderma
lucidum A= AZHALE & 5 HEE TLR4
A7t §olEl C3H/HeJF 9] HIZBA|ZE 24
3t A 4 ¢idith Anti-mouse TLR4 mono—
clonal antibody< Ganoderma lucidum THgA| o]
o3t BALB/c mouse®| B Al F4& oAsh=
d], o]A-L Ganoderma lucidum TFgA|o] &gt BA|
I S Qlste] Alaut Ig ©F TLR47} ERs)
0= AL gojeitt, & g2 A5 Ganoderma
lucidum TFA7F HAAEZ B3kt 27t Tl
EZ Fefo) A Al sk 9fstol TLR4
o 29 4 o ke AS S Ganoderma
lucidum L. 256 AAE A fractionS HAIAZ9]
TLR4%} 2l 4= 9l o, BHEZ2 TLR4/TLR2
£ &9 HYEEEd S fEg,

T Al (Lentinus edodes) 2 ¥ S5t p—
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glucan?l lentinane CR1¥} CR3E Edj4] @
Hlazol| Agel A0 HIEQ=H, tjAlANxE
o] ] Bo] A ZE4E U8k cytokine AR
T8 inviro AF A A HAE =5 243t

AFHTh Letinan< 3+ SRS £3 YxA|xo} 2
SF8F 4= Ut} Lentinus edodes exopolysaccharide
L29] A fraction II= dectin—13+ TLR-25 &
sto] tiAAlE BdE 24T 4= o ol
BEe A2 e $9) 9 728 AT Y A

AaA o dgAsol et ASHGAAE
3 WS skit= AZ 2

b3

HAATIS ChRISe]
MZASHE Z2

CGMP, NO%9 Second messenger?} cytokine
=)ol e LAzt oje} Zo] 243k AT
A7 2o os AHA(innate) WY HAHH
(adaptive) HAA|AZ} 243t & 4= ot E£3
A2 FFAES 54 (spsonic) 3 Hl5
A4 AF2H8-8 FAA 7| TNF—¢ 9 ofg] 22
9] TLs¢} 7S cytokineE9 ©AA EvE §4t
sttt (Fig. 1, Table 1).

932
A(G Protein—coupled
oo sER AAAGEAE] tlof

Al 4 o AEH

A 2ot oI5

G protein—17] 415
G protein A&
receptor)=
St ATE
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AAE S2E, AFAGEH] A5 A
g3 G proteinolghs S-S Tl dS uj7f=
sto] g aa, S22 AlZ Y oj2Ad 59 24
e AZoR g9 sy dAE AXE A
o= defA o}, E43HH G proteins> Al

9} 3 protein kinase A(PKA)S &A3t A|A
orofel =3 oA o] QAtskE ko] Al
Areb fAA WHES 2Ag, %3 phospho—
lipase C(PLC)E ¢lAtE}slo] PIP2E 7h4=E-a
8FO 24 inositol 1,4,5—triphosphate(IP3)2t
diacylglycerol(DG)E AYAsH=4|, IP3+= sarco—
plasmic reticulum ¥+ endoplasmic reticulum
of A% Ca*' 9 W&E Hdlt), 229 A+
ANEL A7 Al U cAMP-PKAQ} PLC-
PIP2-IP3/DG—Ca® AEAG Az A3 1]
A 4 Qlofar Baskar gl

Ganoderma lucidum TFgA| S WHzA o35t
W of T SHE BAgt AFolAl, Ganoderma
lucidum® A fraction IL-1, IL-6, IL-12,
IFN—-y, TNF-a, GM—-CSF, G-CSF¢} M—CSF
of W Z B} AFEdl, F7HATE E5te,
Ganoderma lucidum® A fraction®] TJAIA|Z 9]
TLR44~8AH|2F Agsto] ERK, JNK} p38s &
st Ao 2N IL-19 HdS fEsiths A
S-S A T Ganoderma lucidum®) A fractiono] 2
g IL-19) wd e o 22 A5dY
AE7L B GE AR dAHTt: PTK(Sre)/
PLCc1/PKC/MEK1/ERK, PTK(Src)/Racl/
PAK/p38, PTK/Racl/PAK/JNK.

Receptor tyrosine protein kinase
(RTPK) 32

Tyrosine protein kinase(TPK)+&= &4 5%
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Ligand GIPS, GIF3, PCSC, etc
S RTP, APS, GIPS,LNT,q, hd

LNT, etc
. O etc. PL, etc \<'?/ O
Dectin-1 @) (4 CR3 TLR4/2
GIPS

LNT, etc., & [] =
4
e P2 Pls‘l‘(—(
\NF

3 PKC MAPK

Dectin-1 l .
Dectin-1 .
l TLR SR i TLR CR3 Dectin-1
MR CR3 ‘ TLR SR
Dectin-1 . 1 MR
CR3 SR
MonIcyte \ ﬁ

5¥ Neutrophil \. Dedritic cell

Macrophage ™ Cytokine (TNFa,IL-2,
IL-10, IL-12) +——

B-cell

i T-cell
Phagocytosis of

targeted cells NK cells Cell-mediaded immunity

/ Humorall immunity

Adaptive immunity

Innate
immunity

Fig. 1. Immunoregulatory effects of polysaccharides from natural plant resources. PS from natural plant
resources can act on a variety of membrane receptors found on the immune cells. It may act singly
or in combination with other ligands. Various signaling pathway are activated and their respective
simplified downstream signaling molecules are shown. The reactor cells include monocytes,
macrophages, dendritic cells, NK cells and neutrophils. Their corresponding surface receptors are
listed. The immunopregulatory functions induced by PS from natural plant resources involve both
innate and adaptive immune response. PS from natural plant resources also enhance opsonic
and non—opsonic phagocytosis and trigger a cascade of release of cytokines, such as TNF and
various types of interleukins (ILs). APS: Angelica sinensis PS, Card 9: caspase recruitment domain
family member 9, CR3: complement receptor 3, GIF3: Ganoderma lucidum F3, GIPS: Ganoderma
lucidum polysaccharides, iC3: immune component 3, LNT: Lentinan, MIP2: macrophage inflammatory
protein 2, MR: Mannose receptor, MyD88: myeloid differentiation primary response gene 88, NFAT:
nuclear factor and activator of transcription, PCSC: Poria cocos sclerotium PS, PL: Phellinus linteus
polysaccharide, RTP: Rheum tanguticum polysaccharide, SR: scavenger receptor, syk: spleen
tyrosine kinase, TLR: toll-like receptor, TRAF—6: TNF—receptor—associated factor 6. (Jiang MH et al.,
Expert Opin. Ther, Targets, 14(12), 2010)
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7HRL A azaf =g ol A 32 o) ligand
To Al f S5 99 243} ot AleddS
AZeh AL MAPK, PKC9F PISKS E3Het
o] 7px) 9] A3 Y EAE0] S v|R
2ZZ7(Campanulaceae) ThgA= TLR49}+
o AL FolA dANEZE S35 A & 9l
ot AP-13} vp7HA & MAPKE 383 Alexd
o ExtolH, TLR4 Alodd =20 glof thaAl
I ZAse A4 RAA o] BAE, et
| (Platycodon grandiflorum) -2 ThdA2] AP-1,
MAPK &0l tfgt Aol A, electrophoretic
mobility shift assay(EMSA) A¥= Platycodon
grandiflorum TYFA|7F AP—12] DNA A3 A
33| S7HAA NO2F TNF—a A4S A3}
+ A< Witk 3% A2 Platycodon grandiflo-
rum TFFA7E Al7FA] MAPK (ERK 1/2, stress—
activated protein kinase(SAPK)/JNK, p38
MAPK)& €43t AlZltk= 23, A7HA] kinase
Z¥7+9] inhibitore] ofsf tHAINZO] B3} o
A=At AL skt o] A Platycodon
grandiflorum TFFA|7F MAPK, AP-1 AS3Z2E
A HANEZE B ATt S HolF
+ Aolth, @719 (Acanthopanax) THEA| E3F
PG thdAet SABH RAW 264,7 Ao Q&=
ERK 1/2, SAPK/JNK} p38 MAPKE 243} A]
Z 4= 9tk Angelica tFAl= 5 9] tiAAl
3 RAW 264,70l £2A5l= PTKS} p38 MAPKE:
23t AlA INOS HES F7HAIFT dgEal
(Phellinus igniarius) O | S=2% AHAJchdAof o5t
g FFEAL PKCO PTK inhibitore] 2] o
A==y, o] PKC?} PTK inhibitoro] 2Jat of
AN NO W23 W E2; o] A of 9
3 Ao g HuEdch o]yt AWEL Phellinus
igniarius AHIHGA7F FSAEE AAS]| S5t

fo
i)
o ool
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o], PTKS} PKC A3AY AZE Za4] tjAlA
E7} NOE QAR 4= Qe A=3tthe AL o
Al gt

NO 4% #=Z

NO= 583t A2 A& A (second messenger
molecule)o|th thdAl= £ inducible nitric
oxide synthase(iNOS) F4A} Hdo 24 &
3 NO & 24goEN HY 755 A%
T}, =25 %312 (Paecilomyces tenuipes) AT
He 22H $4 d8Ae 79 S djAAx
NO g7} iNOS mRNA @& f95}9ict, NO
L 31Y 3utEl(heme)?t 235t guanylate—
cyclase (GC)E &43t AJAA cyclic guanosine
monophosphate(cGMP) AAHS Z7}A]7]H,
protein kinase G(PKG)ES A}t A|A &3 thil
s ArBA R o 2 Tt AejEA s Lerd
o}, 37|(Astragalus) THAIE invitro oA 5 &
Zotof A2siis o, Bl HEZAES NOE
7HAF T}, ESE Astragalus THEA|= cAMP A4
& IAIBIAL cGMP BAkE EAlsto] AnpaoR
cAMP o cGMP Hl&Z& #AaAIZH, o] At
S22 Astragalus TFgA|7F NO-cGMP AlsHe
AEo] Fs nE £ e AE HolFes A

ot

olN o

NF—+«B 4% F=2

NF-xB+= heterodimer® ®2-E p50 I} p65
(RelA) = 7HA] subunit® 4% o] e}, 243
4 heterodimer p50/p65+ A28 Qto & Foj7}
=E FAAY] S BASAZIAY AT 4
Ank. T @ A o eAlZE NF-«B
A% F2E AN 5 ke 2e B3l
th. Ganoderma ludidum, Lentinus edodes F—11I, &



& (Poria cocos sclerotium), ZEF (Angelica gigas
Nakai), ¥3KSafflower), 7223 (4canthopa-
nax senticosus), Xieﬂ(Polyporus umbellatus) SO 2
HE g dgAlE> NF-«B 429 284S &
8] TNF, IL, iNOS ¢} 22 75 Hogd ¥ &
A9 AR 243 Ao] invitro ARE &
sto] vl FthTable 1),

A R] Sl Fol 57 FolE Astra-
galus dA= NF-¢Bo] 93t IL-2, IL-6,
TNF-o T8 Ade At ol Astra—
galus THEA|7} %ol BSA(C-BSA)f| &Jsto]
e AAAIE S S5} 1045]1 NF-¢Bol| ¢
3 s WY 549 #HE 9AT 4 o
AL o)t} E3t Astragalus A= o
AM|Z O] NF—«B/Rel F-HA} dlS Al G
K -’F 312 , INOS 17\}* El| O}E% 1A

l‘ll‘

J

ANESH oto g2 NF ch/Rel—J translocat10n~ d
274, INOS 47} 21 E 9} Aglsto] NF—«B
£ B3 INOS WEE &A%} AlZIY. Poria cocos
sclerotium S-¥9] t}gA|= CD14, TLR4¢ CR3
a8 2 p38 kinaseS E3)A4] NF—«B/Rel 2
J3e} INOS W& Feh=tl, p38 kinasew
7 AMZY NF-«B/Rel 24312 GE3h= Al
SR AR TofskaL Qi)
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entinus edodes =5
g EfH proteoglyc -9 o Z NF—«B
translocations S4AZ 4 912 PISK/AKT
o} MAPK 722 43} A2 2 ot A8

LM Rl CHH| HAZE 7|

(Carthamus tinctorius Linne) 258 E2]5 & t}=
proteoglycan& PKC9 NF-¢BE A3} 7\] Z
2> Atk Ganoderma lucidum -3 A=
“T(neutrophils)®] 412-&(phargocytosis) T} —rE}
A(chemotaxis)& FAAI717] Hste] PKC, p38
MAPK, PI3K 559 Aladg 2455 243
A7 2 9}
E o dts2

glo] o7 A A3
EE AT B }ﬂ =i, ofek o]
gddAe gt A2E

=
wjRof|, thgA o] NEATHY 7|2 AH3leA
TFHsh7] QAL 27l A3t AE|ojok
g Ao},
A7 Yise] HeIxEo] gist
moizy o}

Al YEH B9 24 (Neuroendocrine—im—
munomodulation, NEI)Al&= HEAQ} 417 LH—.—
H[ A7} 28} 7)o A BT IA7F ok
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barum FZH= Ao =2of|u)

o/l Ee) AAHSE 458 24 4
o] 11| e Eo|o U T RS A ] 40—

50%= A=A, 12|30 Lycium barbarum T
A= 8% corticoterone 70l FIES wlH|of W
o 24E SYArhal HALESiTt, o]9f Zo] NEI
network®] || oA Q] Aatol A A+
2 FF ALl BAY Wy 24 7%

& folet Eas € AR oA,

29

wAFEA A HALA G F A= WY Al
2 R, dAAZ) Sl TR B o
7tA =84 (B—glucan 484, mannose &
A, complement 4~&4| 3, Toll-like &4,
scavenger 842+ WY §Hg-& A&517] ¢
sto] AR 4= 9L, 11 Fof Az AgE At
o] cytokine?} second messenger(Ca”*, cAMP,
¢cGMP, NO 55)&< A4deith, 1 29= AHd
At HEHAS fFEste] ohet dgko] JF
nzg, F7HHo R tiAE Hoxde
Uate] AA1S] 28T e AEo] gl
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48 OE sY=7kEel =
o] ot ol A9 A Apm7t AoE
ik, =4 @A Al AHEHL Sl itk
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0 XIZEX 0
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