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Abstract

The fungus of Ganoderma, called ‘Reishi’, has been used as traditional medicine
in Asia and has been shown to exhibit various pharmacological functions. In this study,
we investigated the immunomodulating activities and antitumor functions of
polysaccharides produced from the submerged culture of Ganoderma formosanum, a
native species isolated in Taiwan.

The crude polysaccharides could be separated into three main fractions according
to their sizes after alcohol precipitation and gel filtration. These three fractions were
designated as PS-F1, PS-F2 and PS-F3, and the yields were 21.9% =+ 2.19 %, 55.81 +
2.97 %, and 27.95 + 2.11 %, respectively. The molecular weight of PS-F2 was about
14 KDa. The monosaccharide composition analyse by HPLC-PDA method
demonstrated that PS-F2 was composed of mannose, galactose, glucose and fucose
with the mole percentage of 44.91:38.64:8.26:8.02. The mainly glycosyl linkages
were 6-Gal and t-Man.

We found that PS-F2 could stimulate RAW 264.7 murine macrophage cells to
produce TNF-o and nitric oxide, and to enhance the phagocytic activity and
proliferation of macrophages. In vivo, PS-F2 challenge in mice triggered an
inflammatory response and led to the recruitment of neutrophils and monocytes. In

addition, treatment of bone marrow-derived dendritic cells with PS-F2 resulted in the
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enhanced cell-surface expression of CD40, CD80, CD86 and MHC II, suggesting that

PS-F2 was able to induce the maturation of immature dendritic cells and activation of

innate immune response.

Studies on the immune receptors for PS-F2 stimulated, PS-F2-stimulated TNF-a

production in macrophages was significantly reduced in the presence of anti-Dectin-1

Ab and anti-CR3 Ab blocking antibody or laminarin. Moreover, PS-F2 induced

TNF-a production by BMDM from C3H/HeN mice, but not C3H/HeJ mice that have

a mutated TLR4 molecule, suggesting that TLR4 was also involved in

PS-F2-mediated macrophage activation. In conclusion, we demonstrated that PS-F2

induced TNF-a production through the Dectin-1, CR3, and TLR4 membrane receptors

in murine macrophages.

About signaling mechanisms of cytokine production upon PS-F2 stimulation, we

found that PS-F2 stimulated the phosphorylation of MAP kinases (ERK, JNK and

p38), degradation of I-kB and the nuclear translocation of NF-kB. TNF-a production

was decreased in the presence of specific inhibitors of MAP kinases and NF-kB in

RAW 264.7 cells, suggesting that MAP kinases and NF-kB pathways play a crucial

role in activating TNF-a expression upon PS-F2 stimulation. In addition, treatment of

macrophages with the piceatannol also inhibited TNF-a production, I-kB degradation

and ERK phosphorylation, indicating that Syk functioned upstream of other signaling



events. These results may have important implications for our understanding on the
molecular mechanisms in immunomodulating activities of PS-F2.

We further investigated the immunomodulating functions and antitumor
activities of PS-F2 in vivo. We examined the effect of oral administration on the
immune fnctions in C57BL/6 mice with PS-F2, 50 mg/kg PS-F2 once every two days
for 4 weeks. PS-F2 administration resulted in increased in the splenic CD3 T
lymphocyte populations and the IgM and IgG levels in serum. It demonstrated that
oral administration of PS-F2 activated non-specific immune response in C57BL/6
mice.

Furthermore, we examined the effect of PS-F2 administration on tumor growth
in an allogeneic and two syngeneic tumor models. Intraperitoneal administration of
PS-F2 markedly inhibited the growth of sarcoma 180, C26, and B16 melanoma in
mice and the inhibition rates were 67.5 %, 23.7 %, and 43.3 %, respectively. PS-F2
administration resulted in increases in the splenic CD3, CD4, and CD8 T lymphocyte
populations, as well as the serum IgM level. Although PS-F2 administration did not
affect the frequency of NK population in the spleen, we observed a slight increase in
cytotoxic activity in PS-F2-treated mice. In C26-bearing mice, PS-F2 induced a
CD44"¢" CD62L"" phenotype on CD4 and CD8 T cells isolated from spleen of

treated mice, suggesting the splenic T cells activated in PS-F2-trated mice. We further
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used B16 tumor xenografted SCID mice model and adpotive transfer to find out

whether transfer of immune cell from PS-F2-treated mice might be sufficient to

prevent tumor development. We found that adoptive fransfer CD4 T cells and serum

antibodies into B16 tumor bearing mice significantly inhibited B16 progress in

recipient mice. Overall, our results using different tumor cell lines and different

mouse strains indicated that PS-F2 administration could protect mice from tumor

challenge. PS-F2 administration may exert the anti-tumor effect via modulating the

functions of both T and B cells in mice and enhancing cell-mediated immunity and

humoral inmunity.

The studies demonstrated that PS-F2 exhibited immunomodulating activities and

antitumor response form the submerged culture of G formosanum. Therefore, the

polysaccharides PS-F2 from G formosanum have the potential to be used as an

immunomodulating agent in functional food for tumor therapy.
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E:

7 % (Ganoderma ) -

“—

¥# 0 (Aphyllophorales) ~ % 3t f#% (Polyporaceae) > &

4y

FHLE-F4 o ENBEMZ A AFRZ AT T REFE FE (Wasser,
2002) -

REFFMEG RAPEAL  HEF ARSI T AT R 25 E

=

iz R e BER R € itk 1 5 R (laccase ) fri ¥ 1 fi¥ % (peroxidase ) o

N
e

=

R FE BRI DA RTRGIAGF AR 9~ Bekd A fE oy d N Eg

3y

et AL PERBREF A RS HRFAS e TR AFTEAR
éﬁ‘?@ﬁ’ﬁ%ﬁw+%%ﬁfN*Wi“ﬁﬁigﬁ%akﬁiﬂ’ﬁ—fﬁéﬁﬂ

I f&2F 2 7 2% (Wasser, 2002; Sanodiya et al., 2009) - = #& ¢ tef' & 2 cha § 7 4~
AL FR AL KR TANFL LI K LI P LIRE A

%72 9 ;’*ﬂfr—; ARG L EFLZ %J,gﬁ IS P - e s TN



2 Aw TR ARG > B AR F B L SR 2R

o

Falkfsedfr FES 2R - & 222 LR8N HETER Y S 5
Fohgpd hka e NP BHEFIRTL A REE I RFHEMRF AR
FoFHF LRI FIFIMAIRFINF L R mA WA LA R (£
1) ¥ Len® 2 G55 5 &2 (G applanatum ) ~ - 8% 22 (G
Sformosanum ) ~ ¥k & 7. (G fornicatum ) ~ # 7. (G lucidum )~ #7p * %% (G
neo-japonicum ) ~ %% & - (G tropicum) ~ #+1: % 7. (G tsugae) fv-] 32 3+ & 7.

( G microsporum) ~#& > B ¢H@LE P EIEA L 1-1 (37, 1993) -

GEK SA PR B R ERER S EE A PP AR
REILEY RS NN DL PR FF A RRA L A RIOEES A2
HRoGZHIREE BRI ALERE N L R g B R 1 s
A A S Frdlh P R E L HIV B e mF AR FuBac s b
K # ¥4 % (Lin, 2005; Yuen and Gohel, 2005; Paterson, 2006; Boh et al., 2007,
Sanodiya et al. 2009)‘*"3" Pk o H e X WH BB LRED SN R

Bd oo ARG B A &l IR o

MmO EEY E A SRR 0 = fE4E (triterpenoids) ~ § pEAY
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Table 1-1. The kinds and charatertistics of wild Ganoderma in Taiwan (3% > 1993).

S

2

¥

F 18 ol FEMN Rk * -] (um) i
: 2RA 3R RE A~ 4 vy~ TEFRL
+= & 3 G. applanatum & & & A6 3 Ak é 7 £ 7-10x4.3-6.2 o
B %2 PP # 2 e - 1A fE~ 1797 TWEZ > w2
RN 1 I S
#72 G. lucidum FRER R AR~ dRd X RAS T, 3 8.5-11.2x5.2-7 R E A “ ?%iﬂ ?
A w2
1. & 2 G. tsugae 7 LAkd S EARS T T RA, 0 F 0 9-11 x6-8 FER-BERE LA S AT
RS B u ) 2 TE%";U%4 L o4 A y o
o @& 2 G formosanum 7 Bk d ~ 2RI TR FA F 0 11.5-13x7-8.5 o T:; i A IR AR
T
RS *= L . o LE TR BA KT B
e ad ~ Eahd TRA, T, 3 10-12.5 x 7-8.5 R~ s
G.neo-japonicum ! 1 7} L ES H w2
ok & 22 G. fornicatum #£ N E 2k TR ITRAS > §2) 33 8.7-10.4x 5.2-7 R A E¥H T RS
o X .. LR /L Lt e 1 iR S g
24 &5 G. tropicum 4 Famd s e q,rﬁ] 77T g33 8.5-11.5% 5.2-6.9 B f s #B: Lo
’7 TN Z
| IEF j T o g , P boARAS 3R R R —
ARG SV AN S ) 7 6-8.5x4.55 e + 5
G. microsporum R Uy ! LA Fomt !




(polysaccharides) ~ ¥ ik ~ F—v F ~"=fAfe ~ 2 a6 2 5 fEiE ~ % % (Yuen
and Gohel, 2005; Paterson, 2006) » = #L#F 22 % pEdcns >c { £ K PpP o P o j&
T AHHI g x B 02 giE 400 #A F (Shiao, 2003; Sanodiya et al.,

2009) 0 £ 12 3¢ B A2 F7 A r 2 ABEM S A8 2L MRiE4T

31 s @

TR KRR S G TR S A S o RS P B R
# % cniz % (Brown and Gordon, 2005) - # 7_ % pE48 # ¢ B-1,3-glucan 2 4&fr
B-1,6- glucan £ 4 (B 1-1) » ¢ #FF & 5 L% 2 LA B &5 & (Miyazaki and
Nishijima, 1981) c ik chF 7 L Bgon 5P p + 78~ R e+ hg 2 5 B
¥ Eeiiwe (Huaetal, 2007;Jiet al.,2007)~B ‘m*¢ (Zhang et al., 2002b; Lin et al.,
2006a; Zhuang, 2009) ~ #+% w? (Cao and Lin, 2002; Lin et al., 2006b) % ‘Z‘% A e

& 3% (Hsuetal,2003)35 5 5 £ % 3 &t iy o

SRR RIS BRHAY S AR SR L KR AZHE 150 fE7
Gz AT KT RA I 4 5 BTF M AE S AT F o L
ganoderic ~ lucidenic ~ ganodermic ~ ganoderenic ~ ganolucidic ~ applanoxidic acids -
lucidones ~ ganoderals {= ganoderols % ..‘%1‘;& (Boh et al., 2007) - & 7. ¥ = 5§
ERE 3 S  JE L B R el it Pg F74 ~3iB n B (Kabir ef al., 1988; Lee and Rhee,

1990) ~ *% "&£ fE ~ e ,E'_%ﬁ\« e s s e ) FEE £ L HIV :])%i (Paterson,

2006; Boh et al., 2007) -
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Table 1-2. Biological activities and pharmacological functions reported for the

fungus Ganoderma lucidum (Sanodiya et al., 2009).

Bioactive Compound Therapeutic Effects
Protein LZ-8, B-D-glucan, Immunomodulation
Polysaccharides, glycoproteins, Anti-cancer, anti-tumor, chemo and

lanostanoid, Triterpenoids , and steroid radio prevention

Anti-herpetic

Polysaccharides
Anti-ulcerogenic
Polysaccharides, ganodermin Anti-microbial
Triterpenoids Anti-HIV-1and Anti-HIV-1-protease
Glycans Anti-diabetic

Ganoderic acids R and S and _
o Hepatoprotective
ganosporeric acid A

o Immunomodulation, Anti-inflammatory,
Ganoderic acid ! ;
Anti-allergic
Ganoderic acid T Anti-proliferative activity
ganoderol B Anti-androgenic

Anti-angiogenic activity
Ethanol extract

Estrogenic
Chloroform extract Anti-oxidant
Methanol extract Anti-mutagenic

Powdered mycelium and water extract of _ _ _
) Cardiovascular and circulatory functions
mycelium
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Figure 1-1. p-glucan is one of the key components of the fungal cell wall (Chan e¢
al., 2009). The basic subunit of the fungal B-glucan is B-D-glucose linked to one
another by 1-3 glycosidic chain with 1-6 glycosidic branches. The length and

branches of the B-glucan from various fungi are widely different.
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1989 # Tanaka % A j&¥&

M

“W AL AP S LZ8 b B g
B LZ-8 B 4 2 i f M A7 A 2 %% (Tanaka ef al, 1989) » iz
ERBAPFATHBE A 28 & GLL-M B3 - AR v (lectin)
(Kawagishi et al, 1997); ¥ ¢4 A &I HF R - £ B 4 $H 5z 93rkz il it

“~

(Shiao, 2003; Paterson, 2006; Boh et al., 2007; Sanodiya ef al., 2009) o

34
H_G. capense FhF| i8¢ & B S Ao H L 0 7 adenine ~ adenosine ~ uracil
fo uridine (Boh et al., 2007) o -k Menpr F ps s E 7 Frdla ] 7 52§ ohrt i

(Shimizu et al., 1985) -

Mg % 747 40~ A e %ﬁéﬁ (k¥ 4e" &£,1997; Chiu et al., 2000) °

I Fgradgag i
dNRIOEY RN F Y Wy R RRIBFEN L g

KA o BAR S B HG P F A WA RT3 BArg 0 1971

‘K

EARZFFHAZo4 8

n\'\R

 EE

AARARFIV A AFFTHEFRSHOLASFE (R 1-2) + F WG Sy

BANINE EAN S EAN A I BRPBLE AL SRR AN AR &



Unsterilised long wood
logs (outdoors)

Sterilised short wood logs
(indoors)

~| Fruiting bodies cultivation

Sawdust in bags

Sawdust in bottles

Ganoderma lucidum
cultivation

Sawdust in beds or trays

Solid state cultivation

Mycelia cultivation in
bioreactors

Submerged cultivation in
liquid media

_:l_.l_ . .l_l_l__l_

Bl1-2. 2 2AZF FHEFANMHIZ RS P
Figure 1-2. Main cultivation methods for the production of G. lucidum fruit

bodies and mycelia (Boh ef al., 2007).



BEfRE AN T AL FC ARSI N FRE L8V - B A FF R
ERADL AP VABRATSEAREAT  AEARDF BEY EFR A 1T

v

2o Al %A 24 & 13 (Bohetal, 2007) -

FRH

RS R R B orR

-¢

=

RRA TR ZR23EFA R EFSRD
AR St A NRAPEL 4 TR X ERS 21980 £ A
Biof g% R AR P A RENEARL B FUARETE 456 a3+ 78
AR A BT A B Y 4EA A RS B RAE1990 E KR 4
BE o ATPRT P AHEA N PR ELRE AT A BT AT k5
BAREERT A AL ENTARRRERADG AL R E EF{ o

£241 (Boh et al., 2007)

B TR A ELDNTHR - RFRBB I - E SRR 2
FACRFITASREZ AL ERIHETE ORERRET T T 0 L RG]
prbr g A AEATARERAAZAGLIASM-JIY FRREBRERE S 2

ST w R A SR R AR AR B A BN
FUEFEARS AL B TR EID G I AR A EE 2 R
Bl efe R 2 QWi FFZ R (Boheral,2007) o riFE R L FERE R & HF
AADEEBR AU LR mRg Gy ¥R P2 P FE Y FBao et al,

2002a; Bao et al., 2002b) -



5 AL chd s

SPEREE B enE B A S B E pA A L K g

S (B I-1) s 4oficls ~8aE - FRIEHESE

[

SER ARSI R A
fe7 Fatpr iy dF 2B nw &2 Jphag o B ATFEER] b 2 4 4l

CEER L2 R RS L EE R L BRSSO

1. 23345 peat

TER BRI NERES LR BT SR ARSI ARANRDIE
ML AARS N2 ILEN > Y igag b4 L P r 2 g% 2 %%m)@? v
B IEE e Boglucan B A o 3 BRI AR OB > do S pERY
]éémﬁ‘ A H =~ TRk ﬁ_ BHESs =R s g Ry fﬁﬂ ( anomeric-center
configurations ) % gkf’ffiafﬁ'i“f‘fti«f”% AT > SEEMSESS R R
REZAMOF R £33 EL w35 4pivr ot (Wasser, 2002;
Avci and Kasper, 2010) » 2 & £ 5 2 $ia{dend gt o & EoK3 (a0 B-1,3 e
B-1,6-glucan » ¥ 115 d i 4e EPHE RS PR TR A B

-G PERE NS 1T S & S B e 1Y B Aol TR ~ A RO R LT
oA gET By AR ETE A AL T g
DEAE-cellulose 3+ < # k47 g A 3d (25 pEtE - S pEtE~ 5 £ 07 b fasg o
W ats & s BpE o 4o B-1,3-glucan ~ B-1,6-glucan % o-1,3-glucan fo— & £
2] # % % (heteroglycans )o — 4@ 3 > ",% 7 glucan _d glucose 5 ¥ #x e % pEAYR -

B3 k¥ EEBET B F galactans ~ fucans ~ xylans fv mannans ; £ 4] 7 pERE (

10
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Table 1-3. Selected medicinal mushroom with -glucans as active components (Chan et al., 2009).

Herbs
Lentinus edodes
Schizophyllan commune

Grifola frondosa

Coriolus versicolor

Ganoderma lucidum

Agaricus blazei

Pleurotus ostreatus

Coprinus comatus

Common Name

Shiitake mushroom

Brazilian mushroom, Schizophyllan

Maitake mushroom

Yun Zhi

Lingzhi, Reishi

Brazilian sun-mushroom,
Himematsutake mushroom

Oyster mushroom, ping gl

Shaggy ink cap, lawyer's wig, or
shaggy mane

B-glu cans structure
p-1,3;1,6-glucan
B-1,3;1,6-glucan

B-1,3;1,6-glucan with xylose and
mannose

Protein bound [}-1,3;1,6-glucan

B-1,3;1,6-glucan

Protein bound [}-1,6-glucan

[3-1,3-glucan with galactose and
mannose

[3-1,3-glucan

Types of [}-glucans
Lentinan
Schizophyllan (SPG) or sizofiran

Maitake D-Fraction

PSP (polysaccharide peptide) PSK

(polysaccharide-Kureha or polysaccharide-K,

krestin)

Ganoderma polysaccharides, Ganopoly

Agaricus polysaccharides

Pleuran

Coprinus polysaccharides



heteropolysaccharides ) e1ig|4&+ it 3 glucuronic acid ~ xylose ~ galactose » mannose
arabinose £ ribose & H #E 2 7 i & (Wasser, 2002) - % pEd8 #F 2 “f i H
MR EPE > S 2R Fou 4 ARy (Wang et al., 2002; Zhang et al.,
2002b) - RS AinE L B SEH B ELAAS LA LG PR acE > A A
RERABEB e 4 4L 03 EETIFFREF FEBE LAD SN
TN ERR oA AR AL I S FRME R R FRDS
FEREC AT 200 fE10 0 R enA 3 K] SRS HAR e S  H B4 2 4ang
% SHenL B Rt G B A8 (Huie and Di, 2004; Paterson, 2006;

Avci and Kasper, 2010) °

2. P LFE
FyRRA L avR FBg T UG g 2 R R & £ 9 (carrageenan) 5142
vk E o B3 Fus e i (Lin ef al., 1993) o jé4 22+ F 48 5 B~ GLPS 7

% indomethacin {rfig T34 ) BT AE X > BB RERT R S @ Pl A 2

TNF-o % 3% c-myc fr ornithine decarboxylase & Fl=r14 3 (Gao et al., 2002) -

3. g i B

B UVFEBELf2A 4 :EF i 3 Bk DNA 4243 %2 phiX174 s o5t > &
S AR S T R F A T o B R R o BRI
(reactive oxygen species, ROS) i = v if & (Lee et al, 2001) o ¥ 14
tert-butylhydroperoxide (tBOOH) # % ROS 7 #p & # ¢ 4 F o w22 i = ey
T oA AL M GLPP ¥ G A S B G A S Hit e poe B (G

”ﬁl%ﬁ ) F ## %k (Youand Lin, 2002) o Lai & 4 » # A L5 B4 LZ iv B ¥
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Table 1-4. Chemical structure of antitumor and immunostimulating

polysaccharides of higher Basidiomycetes (Wasser, 2002; Ferreira et al., 2010).

Polysaccharide

Species

Homoglucans
a-(1—3)-glucan
Linear a-(1—3)-glucan

a-(1—4)-; B-(1—6)-glucan
a-(1—6)-; a-(1—4)- glucan
B-(1—6)-glucan
B-(1—6)-; B-(1—3)-glucan
B-(1—6)-; a-(1— 3)-glucan
B-(1—3)-glucuronoglucan
Heteroglucans
Mannoxyloglucan
Galactoxyloglucan
Xyloglucan

Xylogalactoglucan
Mannogalactoglucan

Galactomannoglucan

Arabinoglucan
Riboglucan
glucuronoglucan
Glycans
Arabinogalactan
Glucogalactan
Fucogalactan
a-(1—6)-mannofucogalactan
Fucomannogalactan
Mannogalactan
Mannogalactofucan
Xylan
Glucoxylan
Mannoglucoxylan
a-(1—3)-mannan
Glucomannan

B-(1—2)-; B-(1—3)-glucomannan

Galactoglucomannan
Galactomannan
Glucuronoxylomannans

Armillariella tabescens, Auricularia auricula,
Agaricus blazei, Amanita muscaria, Agrocybe
aegerita

Agaricus blazei

Agaricus blazei

Lyophyllum decastes, Armillariella tabescens
Agaricus blazei, Grifola frondosa

Agaricus blazei

Ganoderma lucidum

Grifola frondosa

Hericium erinaceus

Grifola frondosa , Polyporus confluens
Pleurotus pulmonarius, Agaricus blazei
Inonotus obliquus

Pleurotus pulmonarius, Pleurotus cornucopiae
Ganoderma lucidum, Agaricus blazei
Flammulina velutipes, Hohenbuehelia serotina,
Leucopaxillus giganteus

Ganoderma tsugae

Agaricus blazei, Flammulina velutipes
Ganoderma lucidum

Pleurotus citrinopileatus

Ganoderma tsugae

Sarcodon aspratus

Fomitella fraxinea

Dictyophora indusiata, Grifola frondosa
Pleurotus pulmonarius

Grifola frondosa

Hericium erinaceus

Hericium erinaceus, Pleurotus pulmonarius
Hericium erinaceus

Dictyophora indusiata

Agaricus blazei

Agaricus blazei

Lentinus edodes

Morchella esculenta

Tremella fuciformis
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6 30 A A BETITY ) ¥ L cng Y42 2 e k= (Laiet al, 2006) °
BiTem g {# A S 5 GLPP 4 3 s + € % @4 GLPLl dr
GLP 2 £ 5 4§ 174t £ ¢ &0 GLPLL #2540 h o A ehjiik & T 476
= 7 7= (Liueral,2010) - > fe & /o | B> & 27 GLP ¢ 82 3% sy iz
FEME s AR BRI bel-2 £ IR E bax/bel-2 b F > B H Ay

ffZ i1 GLP av 5 »xpt > ¥ 1 crdp § el mre k= (Yang et al., 2010) o

4, F ek

WA SR IIoRTE A AR E S T CCly 31 AR o] B 3
Wiv " M 7 GOT 2 LDH % /A1 8 ¢ % v S8 5 ok 4F (Linet al,
1995) - ¥ 11 BCG # BCG 4t fn% % A2 BALB/c | Bl % 4 F4f §§ » GLP
T v IR % i Y ALT 4 0 N NO A 2 > #d] INOS

F-v 14 I (Zhang et al., 2002a) °

5. 3%

SACCHACHITIN® %= 8. #245 § 27+ 7 # ende 1 flépd W ivend f 3
P v A - fEd 60 % B-1,3-glucan fr 40 % N-acetylglucosamine 2 = .55k
R EY (Suetal,1997) - SACCHACHITIN #Ci2 4 § o cfovc % £ 48 Lz £ 5
A # |4 (chemotactic) e % > @ ¥ iy B EE IV H 2wz w2 {2 R £ TR~ type |
collagen # i ~ £] g enE H {rf% 111} v jpJf 2 % transglutaminase 2 MMP &1

% I (Hung et al., 2001; Hung et al., 2004; Su et al., 2005) °

6. w5 ¥ ARIEP

14



<o F B R ¢ AR B4 ehe P o Lee fr Rhee M pRAR i & o+ BE= i 4

It

Fle Bk F gt g EF g MR IR S 3 B g T F e
ﬁia?] MR SR @R M f PeER 2 43R (Lee and Rhee, 1990) -

Li & 2+ 34 2 % 2 (Ganoderma atrum) % pE%8 PSG-1 ¥t 3vim®e % 44 §
/4 ¥ (anoxia/reoxygenation, A/R) 4f i 31dzeng it B4 2 25> 2 3 PSG-1 &t
Fitme LR FAFE G A o BRI AFF G AL DB R
Hﬁwg R % MU 2 cytochrome ¢ ji@i’ﬁ‘\%ﬁ B 3w F > P caspase-9 fr

caspase-3 cFE 1t 2 Bel-2 712% h-v B £ B 4w vtz MnSOD h3-v £ R

(Lietal., 2010c) »

T. REPMLEAR

PR EE B T (autoimmune diseases ) EAp 2 MEp PR AL ERLAF
fem Fxp P SFLT OB F L2 LB RETE - B AR A
BORA R b Sbd i 0§ L E B i e o 9 ) & (Tupus mice)
S o MR R R Y R DNA M2 R R KEor & 25 pERE AR
¥ p WAA RSk (Laieral,2001)e @ A 225304 b IR IEM & L (Rheumatoid

arthritis) &g+ 3 2 g%k (Bao et al, 20006) o

e § W
Yk 25 pERE A & Ganopoly #-% 71 & fe & % = 3 #%f“}[ﬁa B Jﬁ" BT TRA hE

P2 % pHEIER o PR Ganopoly 12 3 & ¥ iz Sk 1t sk & £ TIDM /L84 %
FI 7.6% FPRES VORI EaEE RS aBE RN EE K82 ) PF

% § % ~ 3 "L C-peptide {r#& 1 2 -] p# C-peptide ch% 1 > 30AE T § — R{tenie o
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PR* Ganopoly 12 %k & 4 S % Bim 7 § 22" Mu i ¥ F F MR R » st L B R

A4 (Gao et al., 2004) -

9. Fupe B F L

¥ 7% 7% (Herpes simplex) & - féjﬁai @ﬂ’bmfi}ﬁs ° f’-[faﬂ? » H KRCRU R
& % - AI(HSV-1)2 % = 3I(HSV-2)» & R p4 (8 € F b It Ra fipid T e
3 L% 577 AL 12 o 1L HSV-1 4 HSV-2 %4 & % Vero im% » 5 I 3 APBP
SPERE G A R § APBP B £ Fue b * F acyclovir & * { & 4o ki
ie e 7 2 (Oh et al., 2000) 5 4+ 4 37 F5i48 % v 2. GLPG + it * 4 p 4 47 1 -

BN R L fmRe » Frd] HSV —')J%fi B 4 P (Liuetal,2004) -

10. W3 157 %

Zhao % * 453 B T4 fmiwte Gk § LT AF 842 4 GL-PS AU g
W35 (Zhao ef al., 2004) « GI-PS (1 ~ 10 ~ 100 pg/ml)ic 3 4e 44 5 4o 45 § /i
FHEGHEET 0 PG s 1 malondialdehyde 7z € ~ ROS @4 4 2 3 %

MnSOD s/E 4 o

BEREASNLEASTH TG 4 H FEBFENEI FRBLEH LT
oot REMALRS AR :}{;ﬁr"%‘ ¢ ¢ & 3% (neutrophils) % H 453k

(monocytes) h& g 4 & F_ NK ‘iz edfd » 5P 78T s BHALE

F_

PE L s HA AR e 2 PR AT
11.1 F i B R E E g mbe
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FEIFT BRI KRS pEY ¢ B FE P& Evgiw®e (macrophages )
g o 1 PG-S fo GLP f1jc % 87 n 2 H $23k > B P 02 00 5934 5 ok
AT ARDEPIRE Erfwirr B PRSP EALIARF L5 Pl
‘P & 4 IL-1p ~ IL-2 ~ IL-10 ~ TNF-a f IL-6 > » € & T ‘w®# & # IFN-y (Lieu et
al., 1992; Wang et al., 1997; Zhao et al., 2010) -

A5 5 EERE LA 5 1 BALB/c o} B B Wi o B i > @ 27 0
&1 T fm? (Shao et al., 2004) - 4 & BALB/c -] & RR (500 mg/kg) 14 = » LPS
v ConA {1 | B4R PE G w2 2 4 TFN-y fv IL-12 > o1 4k 8 RR it & 1t 5K
Evgiwm?e 2 T % > 4_» Thl end & F & (Kohguchi et al., 2004) -

B SpEMS B M) RE Mm% & 5 9 CD14 v TLR4 th3s > B3 ¥
BeritEmme 4 > 24 NO & Hiwre poed ORI # 4 [L-1f~L-12p35
% [L-12p40 % 3. (Wang et al., 2005; Hua et al., 2007; Ji et al., 2007) - &+ & 2 %
pEdl > £ H & B-glucan > @im LA RPN SR o FN A KA ] RE S 305 )
oS I enE gy o
11.2 ¥ 5% i

Mg TS PEMRSLE v e R 4 3 3 F e w2 (Lieu ef al., 1992; Wang et al.,
2005; Pang et al., 2007; Yin et al., 2007; Zhu et al., 2007; Chang et al., 2009){14?%’ 4
37% (Hsu et al., 2003)sh5 v 4 0 & 7 % pE8 %38 PI3K ~ p38 MAPK 4r PKC
EALE 2 Ve, EoU A e sl S T
113 #ib p R & w2

pAME me (NK cells) 2 & BAIMH T3k B A I BALEF RO L &

o SRR A e X hA R APAMAE LS c BRI AT I R B
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Bk 8 F 2 % pERE AL 495 1 NK fw?e (Hsu et al., 2002; Hsu et al., 2003; Yin et
al., 2007; Zhu et al., 2007; Jeong et al., 2008) ; 1| B -5 w5 v &2 4 IL-1 »

IL-6 ~ IL-12 ~ IFN-y ~» TNF-o. ~ GM-CSF ~ G-CSF v M-CSF > @ ~ % # & 4 IFN-y
s A_NK vz & i aha F] (Wang et al., 2002; Chen et al., 2004) -

114 Ziv T e

T & AT HT 3k Lwore 1 LA F & (cell-mediated immunity ) /%
TR o AN AR VRGPS T e o oy
SRR BB T w2 FRGL FPEMEXE T oz hig 4h st
2 3 % pEdE PSK e % 4% (Chen et al., 1995) = ¢t ¢+ » A PS-G (25-100 mg/ml)
Fed2 T fm¥e iy 858 [FN-y chg 2 (Wang et al., 1997) « &7 5 pEfi» a3 T o
e A fo it o B RFR wfe 2 3L 0 8% 4% Thl £ & (Bao et al., 2002b; Hsiao et
al., 2004; Lin et al., 2005; Lin et al., 2006b; Zhu et al., 2007) o 3R * & 7 5 il
F”a}%%—*’ 12 ¥ {53 IR CD56 fm¥e 3 2 % 25 4 > @ CD3 ~ CD4 fr CD8 ‘¥ X
e e (Gao et al., 2003) o
115 &i- B wm%

S ER A T RSB w3 2 > 4 3-4 R enB w0 B lmre A ¥
g%~ > e 4 5 1 CDT71 4o CD25 » # 4 LA 7% 39 hA jufrim®e b PKC &
PKC-y e17# 3 (Bao et al., 2002a; Zhang ef al., 2002b; Shao et al., 2004) ; ¥ #b &
FF3 s Eny ]\ whe & i g4 5] Blimp-1 £ 3R > {1 & B fw¥e
LA LN A 144\ W< 2} I‘ w?2 (Lin et al., 2006a) °

12. Fr R E

‘lh
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51968 £ AL N S AHGHEE & G T A KT ES
Bdefd Sarcoma 180 | H %G P AEehfL g vk o B MO R SR P F
3R 1971 & B 4 (Tkekawa ef al., 1968; Sasaki et al., 1971) o (s Faw= 3 ZF
SPEHL AL R ERA A2 — > B Boglucan i G 22 B (Borchers ef al,
1999) o % pERE chPup iS4 T 2L B ¥R w2 3 ofe 3 4 (cytotoxicity) {E*

-

AR A LR i P R e Pl R A B o PR S BERY

2=

T

-
ey

\4-

s At F i34 &| (biological response modifier, BRM ) (Wasser and
Weis, 1999) p a0 @ 5 5 fAiF4F 5 pEAEE 7 FUlp 2 Tofk 325 » 4 lentinan (Lentinula
edodes) ~ schizophyllan (Schizophyllum commune) -~ PSK (polysaccharide-K,
Krestin) ~ PSP (polysaccharopeptide)(7rametes versicolor) % Grifron-D (Grifola
frondosa) (Wasser, 2002; Ferreira et al., 2010) o 12 7 A& W] 12 fm¥e 58 g b 382 22
) R PN BN ARE R T S R o AT
12.1 mve §g oh 5030

PS-G B2 A 3w % H {53k feve e3s & R iv | X $5n o U937 e 4 £
ptfbe ¥ B P4 Sarcoma 180 fm¥e g 4 (Lieu e al., 1992) o # 732 + 5 pEAY
¥ B e ~ Sarcoma 180 %7 {r reticulocyte sarcoma L-II 'm¥e 4 5 Frif|2
+ it % (Liu et al., 2002; Wang et al., 2009b) ; ¥+ % % % % B ‘o "2 $A(SW480 ~
HCT116 §= HT29) ~ & fm% ~ F ¥ 57 & w2 $(CaSki fv SiHa) ~ 5' g m¥e ~ 3+
Fplm®e ~ M T IR b AN e ‘I;’K’ﬁ Fr4]E . (Gao et al., 2005a; Muller ef al.,
2006; Xie et al., 2006) °

g 30~ ¢ R ol & 2K F 4 A 8 5% MCF-7 f- MDA-MB-231

m PE FR e ) 2 % %ﬁé;ﬁﬁ,%;’fﬁﬁfr% 40 RE T F M L RS R
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T o ¥e engr g s g § 47 e (Yue et al., 2006) °
122 & #5
B T $48 Sarcoma 180 wre H:N E B ¥ @ chds I o 1B vEIE g

(Miyazaki and Nishijima, 1981; Sone et al., 1985; Maruyama et al., 1989; Wang et al.,
1993; Zhang et al., 1994; Gao et al., 2005a; Bukhman et al., 2007; Pang et al., 2007,

Jeong et al., 2008; Yue et al., 2008; Wang et al., 2009b) 4 & (Maruyama et al.,
1989) % 5 5 PEMAE S B B E L 0 B M @ ¢ AR A B Sk
(Ehrlich ascites carcinoma, EAC) (Zhang et al., 2000; Pang et al., 2007) ~ % J %
(Cao and Lin, 2004; Nonaka et al., 2008) ~ "+J& m* (Pang et al., 2007) ~ 5 ’”j"\ R
‘m*2 (Nonaka et al., 2008) ~ ». J% ‘m* (Chang et al., 2009)fr= 7| ’Jijlff%-.fém *z (Evans
etal.,2009) > @ Tk b+ ¥ 3 & i (Gao et al., 2005b) » & fE# e

BN R S PENE G RS .

T~ LR R

kA REAMEFERRF B oROP R TS AIMEALR
(innate immunity ) 22 {¢ * $+ ¢ % (adaptive immunity ) > B] 1-3 §_ %2 L% & it

A B PR R e

1. X LB
AAP AR BN ABIPALA 0 SAHE - F PR BB
( phagocytes ) ~ #f % m#e fv NK ‘m e % 3% ¢} ﬁ’c:)]%;‘/%l%gﬁwx BohAMELFEZ m

~

o R ad PSR MO W UIERRIRILR 0 S EDFRERTY OV ik o B R
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Adaptive immunity
(slow response)

Innate immunity
(rapid response)

Dendritic cell Mast cell

Macrophage

Natural
killer cell

Complement

Basophil

Antibodies

©O

CD4+ cDe+
Tcell T cell

Natural
killer T cell

Eosinophil

Granulocytes

Neutrophil @

W13 LIMAILEF BELRIPBLEF BIAM2Z L8 wv

Figure 1-3. The innate and adaptive immune response (Dranoff, 2004).
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I — B FFRLE FER L 5L (Medzhitov and Janeway, 1997) o & wim? & 3£ 73 v%’
N EIE - I L3 o L A j\]}%]ﬁ‘! GIAY S LE-RN A & - S
/xi’ﬂ't*”—';‘:l\ﬂ?”?g X &N ’?—'f Pl adf it iv% > = £ B¢ PIR L LNt o
BEAEEY MRS SN AE A e PR ey tE - F 0
§‘H@%(@hﬁ@f¥ﬂ@ﬂ§oNK@ﬁmEﬁ?%@m%%%égv&
WF A A M o

@ 3% % F & (inflammatory response) ¢ f& % i & ficd 47 » eanizgf 4 )
B % o F PR5E 0 H de i F B B B P R MRl d Lk dhn F i
o Bdphmre hoahgl it R e Bt - BIRGES 5o iRA M R B4R s
(Ferrero-Miliani ez al., 1997)  ¥f * P {e 8 P imie @ § N &5 L F &
‘Z‘% vk X flgcts € A 2 prostaglandins fr thromboxanes ; H %3k ¥z B & 2
arachidonic acid # * A4 » T LK % 8 L F RIOPFE & 4 4 (Davies

and Allison, 1976; Goldstein et al., 1977) -

2. B ELE
AR R LEF & “f TR R Mg R T Ch o Uk S
For B RORBBAL G R HA P RS A TFIE R A 2 % - ol
B - M PR R e o i 4 o F LB R pE > T
FAF L RADLEF & -
FREPBH LA w1 & F %" w% (lymphocytes) frin i & R ¥
(antigen-present cells, APC) o # ¥ m?% * ¥ & & Bl {c T w? > B m% &2 o

REBEEI s el B ‘m”e—frj‘j{“m”g? ° ;“Fﬁ‘m”g?'jln\ WA Bkl o SRR
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% % (humoral immunity ) 73 & (% $ 5 o @ T fwfe ¥ & = #f 24 3] CD4 ‘w2 fr
A A CD8 im?% - CD4 w¥e L & A Riwie i 2B MR LA S wie H LA
F & CD8 mre i & f % -;%%’ﬁ T R F himre o

T fm?e ? 7 CD4 fmPe iy & & IL-4 e IL-5 ‘%2 5% 115 B fwP2 > & B w’e
N ﬁf@m?éé_ifmﬁ ; A4 IFN-y t] R mi s Exiimie o B w2 £ LR &
Fimrz e MHC I/ - CD4 » € B #5384 I MHC I 776 % ' be | B3R

% CDS8 3‘-“/]%}}%};%' s i IL-2 75 1 CD8 Mm%z e 4 2 H 2z |f 14 (Bennett er al.,
1997; Shedlock and Shen, 2003; Gutcher and Becher, 2007; Kennedy and Celis,
2008) > @ izt & i € 4k Treg 4] (B 1-4) -

CD8 ime M) o & k™ dnfe 2 — 0 3 & | FiF% % N § R OR %
fmie s & '%z {,%’-“f - B RR R e o CD8 w2 s v 2 & CD4 fmPe 3 i3
LB R R wme o B BYEa 4 % CDS wmre ; & F CD4 ‘P B ¥ 4, BiEs
CDS8 wm*z (Shedlock and Shen, 2003) -

#+R snre (dendritic cells) & it 842 > MHC Il-peptide complexs ¢ %
Rl ik w o BB AR TOE ML CD4 e > F i CD4 fmv > 55
Fpenimie 3 BT #* kenis & (Robson efal., 2010) -

PR EMinre & 0 ke s Erfiimiefe B T dnre o 0 SRR S
TR TR L R T e et o R e e B e i g R AR RS
L= DN e A ) :l-:—[fia}%r;';)\T*?l;‘\-f” PR DT MNERET bz > 2
FoBom E S VIR ESLE R A LR R R iR AL R L

F% & J&(Banchereau and Steinman, 1998; Zanoni et al., 2005) -
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Granzyme and perforin

Class |

« /¢ Cytotoxic

Nitric Oxide
Superoxide

MHC class ||

T|..|r'|'|‘r1::r.'-\A TCH/+ 4 L
antigen IL-4
eptide —IL5
T /m .

s . o% Teell /-
> >

FaslL 4 r |

’

B cell

Tumaor
4= antigen
y peptide

i1z +
IL-2

Eosinophil

B 1-4. CD4 im% &Y HORBE ¥ cffe & ¢

Figure 1-4. The complex role of the T helper cell in the tumor microenvironment

(Knutson and Disis, 2005).
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B kB T G ORRE s RakA A R B fR o AR i g RS Bicd
PEFRRETELBHARLFERD B L RT RS B RN A S
( pathogen-associated molecular patterns, PAMPs ) » @ # % ‘m*2 ¥k iz - PAMPs

P 2% 38 B3 8% 48 (pattern recognition receptors, PRRs ) °

PRRs # & = fm% %o b hfelim 2 "FT'T p e e Pz i b v PRRs 4 Toll-like
receptors (TLRs) ~ 4 # #% % #8 - Dectin-1 % ; ‘2 " p 5 PRRs 4 NOD-like =
L i #] it ¥ 2. PRRs B@hed 1-5; @ % F L& we kg #74 7 PRRs »
32 (B1-5)

3.1 TLRs

TLRs F]H & % us2 Toll #2% 3% 3 3 RFRiEs 7 L o A g | &P
© 4 1146 TLRs A4 A 8% A+ >TLR1 6 4r 9 B i3 22 & S AL w2
TLR2 -4 4e 5 & #3545 T im% « B to% fo NK fo% 1 % 1 % > TLR3 7
LAtk dmre b3 > TLR7 4o TLR8 & # 3t % B4 %4 = 7k W% (Nishiya and
DeFranco, 2004) -

3.2 TLR4

LPS H e \IAfimre fEeni & 24 » 4 £ TLR4 £ 8% — ferpe sl » U
LPS f]jcE vgim?e pr > 5t I PFE 1 MyD88 ik #f (MyD88-dependent pathway ) 12
% TRIF i #f ( TRIF-dependent pathway ) @ f&3t & @ fig /T - /& i NF-kB f= AP-1
4571+ 0 A 4 TNF-a~IL-1-1L-6... % 3 { %2 % (Takeuchi and Akira, 2001) -
3.3 Dectin-1 (Dendritic-cell-associated C-type lectin-1)

Dectin-1 % - B &R a® Bwre P cnF WX > L3 e p H- ~2b0 4
C-type-lectin-like % 3 > it & — 588 B-1,3-fv/2 B-1,6-glucan fr & < 4f 2 f¥*
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15, 5 ARG M SR

Table 1-5. Pattern-recognition receptors involved in fungal recognition (Brown,

20006).
PRR
Chitinase*

Chitotriosidase*

CD14

C3
CR3

DC-SIGN
Dectin-1
Lactosylceramide
Mannose receptor
Mannose-binding
lectin

Pentraxin-3

SP-A
SP-D

TLR2

TLR4

TLR9

Fungal PAMPs

Chitin
Chitin

Glucuronoxylomannan

Fungal surfaces

Mannose, B-glucan,
N-acetylglucosamine,
methylmannoside, methylglucoside,
complement opsonized pathogens

Internal mannose, terminal di-mannose

B-Glucan
B-Glucan

Terminal mannose

Selected monosaccharides
(such as mannose, fucose, glucose)

Galactomannan, zymosan

Selected monosaccharides
(such as mannose, fucose, glucose)

Selected monosaccharides
(such as mannose, glucose), B-glucan

Phospholipomannan, zymosan,
lipoproteins, lipopetides, glycolipids

Mannan, glucuronoxylomannan

CpG DNA

Effect of receptor deletion
on fungal infection in mice

ND
No effect (Candida albicans)*

T Susceptibility (Cryptococcus
neoformans)

ND
ND

ND

T Susceptibility (C. albicans)
ND

No effect (Pneumocystis carinii,
C. albicans)

No effect (C. albicans, Aspergillus
fumigatus)

T Susceptibility (A. fumigatus)
T Susceptibility (P, carinii)

Delayed clearance (P, carinii)

T Susceptibility (C. neoformans)
T Resistance (C. albicans)
No effect (A. fumigatus)

No effect (C. neoformans)
T Susceptibility (C. albicans,
A. fumigatus)

No effect (A. fumigatus),

No effect on susceptibility but al
cytokine profile and fungal burd:
(C. albicans)

*Role as PRR not confirmed. {Human studies. §P. Taylor, M. Botto, K. Haynes, S.
Gordon and G.D.B., unpublished observations.
C3, complement component 3; DC-SIGN, dendritic-cell-specific ICAM3-grabbing
non-integrin; ND, not determined; SP, surfactant protein; TLR, Toll-like receptor.
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Monocyte

Dendritic cell

W 1-5. Candida albicans 32s2. £ % 'w%e 2 H {8 X 4
Figure 1-5. Cell populations and pattern-recognition receptors involved in

Candida albicans recognition (Netea et al., 2008).

The differential expression of PRRs by these cell types is shown. CR3, complement

receptor 3; FcyR, Fcy receptor; MR, mannose receptor; TLR, Toll-like receptors.
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(Brown and Gordon, 2001) - Dectin-1 "% p &k #5 & 5 —  tyrosine-based
activation-like motif (ITAM)# % < %8 > %5 d & #f spleen tyrosine kinase (Syk)fr
caspase recruitment domain protein 9 (CARD9):i2 i< ic 43 @ 2 A F &> A4
S gk A 3 g R ECD4 e o B lmbe chiE* o L e (¥ * T > Dectin-1
fedlded R A2 B LR o5 * £ F 5 (Brown, 2006; Gringhuis
etal.,2009) -

3.4 CR3 (Complement receptor type 3; CD11b/CD18)

CR3 H_'m%% 4 o P 30 4 & 4> >t Byintegrin 725 ~CR3 et H = ¢ 3
BBREEINE - BEREEPglucan 2 REZH A R V- BREZEE C3 YT
#iC3b 2 7 iy ® o § A7 7 & I pER {2 B-1,3-glucan ~ B-1,6-glucan " 2 A Fpp +
&2 kit S pERE B-1,3-glucan fr B-1,4-glucan it ¥ CR3 % & (& > §1 CR3 £ §¢
v o Ifimie 3 R F IC3b 2 ' mre (Vetvicka er al, 1996; Hong et al.,

2004) -

4. 4, B E kT (signaling transduction pathway )
4.1 52 RiE i 39 #f* (mitogen-activated protein kinase, MAPKSs )

MAPKs Blm?z 2 L @R atee & 4 ¢ XMAPKs U & B e oj = ik
B S > ¢ 1% extracellular signal-regulated kinase (ERK1/2) ~ c-Jun N-terminal kinase
(INK)% p38-MAPK (p38) (B 1-6) ¢ 7% it e MAPK 3% dBmfe it (5% @ & {730
L BE s ea A LSS eI LERAREE BRAF R~ k= %25 UF R E(Hsu
etal.,2004; Liu et al., 2007) °

4.2 NF-kB(nuclear factor kB)
NF-kB & - fi#& 4+ %]+ (transcription factor) » w2 A % {jE= > ‘w
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Extracellular stimuli

|

U Cell-surface receptor

Plasma membrane

Membrane-
associated
events

and/or responses responses

Proliferation Stress E Stress
differentiation '

ECL LR LN

A\

Transcription
factors

W1-6. of 154 = BRA R Fd FERLOFREH T
Figure 1-6. Schematic diagram of the three mammalian mitogen-activated

protein Kinase signalling pathways (Liu ef al., 2007).
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9 e NF-kB 2 2 drd] o 3+ [kB B & A B AB M RE§ wre X5 L AT
[-xB % I|#kfs i* 2 ubiquitination » T ”ff.‘i%%’ -0 f=d8 (proteasome ) *% fF > M
FF NF-kB A& & i # 45 23 dm¥e 2 o3 ¥ 3 $4p M o0k 714 (B 1-7 )(Karin and
Lin, 2002; Beinke and Ley, 2004) » % Mw* X Flhw?e ek ~ et o+ g % & 238
F ity aoflge %gr} NF-kB /& i@ 8w s Efos > FEFLF B o
NFkBedgp st A AP E B F B (F L F ) 2R ABALEF B L7 ER

EF4 AL o

5. % gk

fmre rk (cytokine) - #f §F B2 wie B L+ 5 d FR DL
P lmPE A A& A L Fed BT~ 12PS N BE B9 0 4o interferons ~ interleukins
TNF-o...% (B 1-4)° TNF-a £ € & chg L FlF > AR L8 A XG5S Pk
it Lendkd o 2§ TINF-o i F BP £ & o hrt iy 0 w138 5

2 afapzir ¥ 4 2R % (Beutler, 1995) ©

P iR e E ARG e (- ) SRS 0 B R R
PACE S SRR A & (5 ) SRaHEURE o o sanil £

BB e o DR T F e §ARBGE (2 ) B R b

—

LRt R BRI ¥ e o ¥ L AR RSS2 R o B
s () R s - A Upin p AR L5k - 12ifg g
fre L DIFUR RN E cho A R LR ETR B e chae AT S AR Y R i E

PR R e 4 R B e B 2 12 55 ((drselective estrogen receptor modulators
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Figure 1-7. Model of the generic NF-kB activation pathway (Beinke and Ley,

2004).



aromatase inhibitors ~ receptor down- regulators... ) » ¥ 12 " 1K — EZ 5 F chg] (T
Bldei® * F3EE - e gcE ~ colony-stimulating factors ~ ¥ thi7k8 ~ B v -~ A F]

i B 2ER - A A E A S E L IR A AT ) R

PENN

e @ E R s hE AR FRBEL TR R H A KR L D
B FREEHE S B P AD TS B LR 0% 0 BT e ST RS
T B iy = v 243 (Maury et al., 2010) ; i % #/p% (hyperthermia) - 3R & 48
B R G EI3FRE L > TR §RRGRT > UG E ]
X k7 MBI Gi s & A = % (precancerous ) # K 5 k4 B LR
( photodynamic therapy, PDT ) » 3k # &0 £ % & Lagp E 2 EHoragk » Glw
FeNIT A A §F MM wmve ) i Rde o (targeted cancer therapy ) R * &4
BH BV MERReE L EAFIOPT o E R £ A

( http://www.cancer.gov/cancertopics/treatment/types-of-treatment )

T 3 PR

4 P2 RNV AT B 0 dodF B e 3 (targeted therapy )
R PR E o B A TR AT A R nlme chEE i B & - Ml B e
X % E MR R E S R T g d & P doselective estrogen receptor
modulators - kinase inhinbitors ~ angiogenesis inhibitors ~ proteasome inhibitors... % >

FDAz: 58 + 3 g &4cF areston” ~ Arimidex® ~ Gleevec® ~ Zolinza® ~ Avastin®...

JRR i AR v AL 5 PR iR e o 1Y PRl 4 e e 2 K
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FEORE A ETER e TR L P X 2 3 F RE R 4G

D

Foo FER R EFESHN O LD LB AR R - R ERMR e

i 1) s ok e % (Wolchok and Saenger, 2008; Nelson et al., 2010) - H @ x 12 {#
AR H R S B RARY A M H B ORI ) K2 A il X
Y2 gL R R A2 2 R B A A ] R E A
B B L} 7484 AT H BB EFDAS P 0 F 13 2B AY 0 (174
I it {7 phase [Ie3#% > 814# phase [ phase I (Nelson et al., 2010) - #-p &8 #6 7%
e A S A e A R A TR e d 2 R FIE o Tkcdn B e A dm e

HeE oo B Prd| k2 4 & (Abe ef al., 1995; Dranoff, 2004) -

Byie R i0eg L A RS E 7 R R e R e e s T R e 4 K 9F
REORLERG > SR LMY PR REH o AY ERE R w2 L
Ao DALt FPI MR R AT Kk R (VB B e i N AR S 0 e Bag R e
PRGN LRSS BEELHL Y S 2 BRES G T O DR E
AR TR R e A3 A F R AR R K R L e
Lo R G iR LA R S F I LR L Bk 2 T 5P fRain
BP0 T - 3 K AREHS DR B GE i BT M
el A o B o S AR B 2 el BRI R LS
R sl B R T S e R S F ] B b o § R
g s e A ARG R LD B 0 2 A d R S0
e B ehyE M L B B LA o A LB 4 B E M s 1T E kR T

3 A B & 2LB E(Schepetkin and Quinn, 2006; Chan ef al., 2009; Goodridge e al.,
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2009; Wang et al., 2009a; Avci and Kasper, 2010) > % pEf8 &2 3~ 7 A I %fryﬁ i

g2 8 QR N U

B ko Fa- BARAIEL @7 2 F chpbll s & GHnE T E S0 2
o BEARFY 0 ER LIS LRAS T RER A AN LR ER AR
# % {4 (Wasser, 2002) e A 3 £ 4 ] KE A R EES AR T A L) AT o
A LA A5 (RI1-8)c H ¥ S@mMlfrz R L1 Y RE R LB Fi

$A 0 R kiR PR PUER L AN S e B BB IR E

MeF R AL RGOS SR HAESF  FARET ALY R
(polyketides ) ~ = g frFIfEs % » H ¢ B3 Framgscsk it & 4 F@io i
1-6(Ferreira et al., 2010) e A3 3 T A S % LR 2 0 B iy B av] 2 5
O IE G PR e g2 4 £ (0 2006) PR Az B LSRR T e
- FET F 74 i ehcerebrosides ¥ #r 4 B 1% fm*2 DNA R & fi#(Zaidman et al.,
2005; Paterson, 2006) ; #iGfrd & » chcaffeic acid phenyl esteric #7#4]& — (- 4r 4]
NF-kxBi & & DNA} o igt | o3 % 5 F i i & x Bmie ¥ > HiF 2
A PARTEH > B BUR MR i e 9% 14 (Zaidman et al., 2005; Petrova et al., 2008;

Wasser, 2011) o

N
ik
4
4
(i
™
AR
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BAFESANIEMAEIRESES R A SN R PR FRS
B SEE Ry WA AL S S ER-Fy o d gk (£1-7)0 ¢
FORS EIRA T AT S PR B % B e« NKiwoe {oTimve chllc® & 54 it
(Zhuang, 2009; Chen et al., 2010; Ferreira et al., 2010; Rubel et al., 2010; Xu et al.,
2011) > AR R PR A LA F 0 BT LRk S BRI ik o

MGLPS A b » &+ £ %5849 KDa» 3 5 pEd-s4rx » §.d § 2+ 3 44
-k % B~/ % (Cao and Lin, 2002; Cao and Lin, 2004) - GLPS ( 100 ~ 200§=400 mg/kg )
A4 A S180%8 % | Bl > 3 IGLPS#: § sadrd | £ 0 £ 5 HE b Gt Xuer
al., 2011) » ¥ 3 TNF-afcIFN-y#n# B2 4 4| Tiw#e foNK i % e07% 1(Gao et al.,
2005a) ; % £ cyclophospamide i* f % 1~ e JL ¥ Rz | &L » ¥ 14 L0y B A cha
22 @ 7% (Ning et al., 2003) ; GLPS 1 & {24 p¥ » & % s 2 IL-2 ~ IL-6fr 57 ¥ 4 *c
@ IL-14vTNF-0™ *# > CD3 ~ CD44-CD8m "z &8 ¥ |43 4r (Gao et al., 2003) > H &
L2 AN BB AR 1-9Xu et al, 2011) » #Bimre 3 4 215 4~ BEET
‘e I TNF-ofeINF-y ~ 3 5 & fje A £ B R e S o 93 A+ £ 0 5 oy
PR E G T - ML B R AT R M L BIoR ki3t 4p M 1 (Ferreira et
al.,2010) -

Poan i s B R E A& IIRR IR o RPN o R R A

NEFIT L SR AT Ao A TS f%,,g\{,\%—g FE NI S

%o B~ L E 4 B {ofE & (Yuen and Gohel, 2005; Boh et al., 2007; Jeong et al.,
2008; Zhuang, 2009; Li et al., 2010c; Xu et al.,2011) » (x5 77 = BTr 73 4
Al B el i M e R eni] 4 TE R 4o 5 S| B;Tug’p ‘o ¥z (Berovic et al.,

2003) ~ # J& %2 (Jiang et al., 2005; Chen, 2006) ~ & 4% #%v o Ik % ‘w72 (Cheng et
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al., 2007) ~ ' & o %¢ (Thyagarajan et al., 2006) ~ + ¥ $¢ g w2 ~ 38 ‘m*2 (Chen,

2006)Fr %3 & J& ‘m ¥z (Paterson, 2006) % o

36



[ Mushrooms ]

[ LMW colmpounds ] [ HMW colmpounds ]
Quinones ] ( Homoglucans )
( Cerebrosides ) ( Heteroglucans
( Isoflavones ) ( Glycans )
( Catechols ) ( Glycoproteins )
[ Amines & amides | ( Glycopeptides )
Triacylglycerols ] ' Proteoglycans ‘
Sesquiterpenes ] Proteins
Steroids [RNA-Protein complex‘
Organic germanium ]
( Selenium ]

W1-8. &7 FHEY B Fubms it 2§ ok A
Figure 1-8. Low-molecular-weight (LMW) and high-molecular-weight (HMW)

compounds with antitumor potential found in mushrooms (Ferreira et al., 2010).
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Table 1-6. Low-molecular-weight compounds with antitumor potential in

mushrooms (Ferreira et al., 2010)

Class Antitumor Agents Mushroom Species Molecular Targets
Panus conchatus, P, .
Panepoxydone rudis, Lentinus crinitus NF-«B inhibitor
Cycloepoxydon Xylaria strain 45-93 NF-kB inhibitor
. . . . Tyrosine kinase
Quinones Clavilactones Clitocybe clavipes inhibitors
490 Quinone Aearicus bispor DNA polymerase a
(y-L-glutaminyl-4-hydroxy-2,5-benzoquinone) EAricus ISporus inhibitor
(E)-2-(4-hydroxy-3-methyl-2-butenyl)-hydroquinone Piptoporus betulinus MMPs inhibitor
(4E,8E)-N-D-2’-hydroxypalmitoyl-1-O-B-D-glucopyranos
. yl-9-methyl-4,8-sphingadienine . DNA polymerase
Cerebrosides (4E,8E)-N-D-2’-hydroxystearoyl-1-O-B-D-glucopyranosyl Ganoderma lucidum inhibitors
-9-methyl-4,8-sphingadienine
Isoflavones Genistein Flammulina velupites Cdc2 kinase modulator
P. linteus, Gymnopilus
) T 4 >y .. marginatus, G. patriae, e
Catechols 6-(3,4-dihydroxystyryl)-4-hydroxy-2-pyrone (Hispidin) G parvisporus, lonotus PKCB inhibitor
hispidus
Gerronemins A-F (9a-f) Gerronema COX-2 inhibitors
Ami 2-aminophenoxazin-3-one Lepiota americana Aromatase inhibitor
mines ind f tosis and
and amides Putrescine-1,4-dicinnamide Pholiota spumosa fnducer ot apop
necrosis
Triacylglycerols 1-Oleoyl-2-linoleoyl-3-palmitoylglycerol (12) Grifola frondosa Cycilgﬁﬁ)yitg:fase
Omphalotus illudens,
Sesquiterpenes Iludin S and M and derivatives Lampteromyces DNA-alkylating agents
Jjaponicus

5,8-Epidioxy-24(R)-methylcholesta-6,22-dien-3-ol

Lepiota americana,
Cordyceps sinensis

Sulfatase inhibitor

5,8-Epidioxy-24(R)-methylcholesta-6,22-dien-33-D-gluco

Agaricus blazei

pyranoside, Cordyceps sinensis Not known
5,6-Epoxy-24(R)-methylcholesta-7,22-dien-3f-ol
Ergosterol Grifola frondosa, Cyc.loo?(ygenase
inhibitor

G. frondosa, G.

Cyclooxygenase

Ergosta-4,6,8, 22-tetraen-3-one applqnatur.n, G inhibitor
Neo-japonicum
Steroids DNA polymerase o and
Lucidenic acid O, Lucidenic lactone, Cerevisterol, B, RT inhibitors, NF-kB
Lucidumol A and B, Ganoderiol F, Ganodermanondiol, Ganoderma lucidum and AP-1 inhibitors,
Ganodermanontriol, Ganoderic acids A, F, H, W, X, Y, T DNA topoisomerase
inhibitor
Polyporenic acid C Piptoporus b'etugznzf's, MMPs inhibitor
Daedalea dickinsii
Dehydroebriconic acid Poria cocos DNA topoisomerase 1
inhibitor
Fomitellic acids A and B Fomitella fraxinea DNA pqume‘r ase o.and
B inhibitors
Organic Bis-p-carboxyethylgermanium sesquioxide: .
germanium 04(GeCH,CH,COOH), Ganoderma lucidum Not known
Agaricus bisporus, .
Trace . Boletus edulis, DNA cytosine
| ¢ Selenium Flammulina velutives methyltransferase
clements pes, inhibitor

Pleurotus ostreatus

38



%17 HY LREBERZ AT EF

Table 1-7. High-molecular-weight compounds with antitumor potential in higher

Basidiomycetes mushrooms (Wasser, 2002; Ferreira et al., 2010).

Antitumor Mushroom Species Functions
Class
Agents
ATOM Agaricus blazei Immunomodulatory; pre-clinical
animal models
AB-FP Agaricus blazei Immunomodulatory; clinical
trials
PSPC Tricholoma lobayense Immunomodulatory; pre-clinical
Glycoproteins(P animal models
olysaccharide-pr | Galactoxylogluc | Hericium erinaceus Immunomodulatory; in vitro cell
otein complexs) | an-protein lines
complex

Glucoxylan-prot
ein complex

Hericium caput-medusae

Immunomodulatory; in vitro cell
lines

Ganoderans Ganoderma lucidum Immunomodulatory; in vitro cell
lines
PSP Trametes versicolor Immuno-enhancing activity;
clinical trials
Glycopeptides(P PSK or krestin Trametes versicolor Irr.m.luno—(.anhancing activity;
. clinical trials
olysaccharide-pe KS2 W —_— I ol — m
ptide complexs) entinus edodes mmunomodulatory; in vitro ce
lines
Glycopeptide Ganoderma lucidum Immunomodulatory; pre-clinical
complexs animal models
GLIS Ganoderma lucidum Immunomodulatory; pre-clinical
Proteoplycans animal models
PL Phellinus edodes Immunomodulatory; pre-clinical
animal models
Mixture of LEM Lentinus edodes Immunomodulatory; pre-clinical
polysaccharides animal models
and lignin
Flammulin Flammulina velutipes Immunomodulatory; in vitro cell
lines
LZ-8 Ganoderma lucidum Immunomodulatory; pre-clinical
animal models
Proteins Clitocypin Clitocybe nebularis Cysteine proteinase inhibitor; in
vitro enzyme inhibition assays
Lectins Agaricus bisporus, Boletus Immunomodulatory and
satans, Grifola frondosa, antiproliferative; in vitro cell
Tricholoma mongolicum, lines
Volvariella volvacea
RNA-protein FA-2-b-Md Agaricus blazei Immunomodulatory; in vitro cell

complex

lines
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Fig. 1-9. The immunomodulatory of GLPS on immune cells (Xu et al., 2011).
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1. #4821 p ¢h

E KRG M SN FRS O ASLE PR LR
T EUREIR S ROFRA 2 Pupd %3 Aamck s Y S AR EAM L

FiEE R PP E AR P RHN R AL AR AT LA AR

B

e 5 8% 30 (Ganoderma formosanum ) ¥ A L ey AL B4R oA

FRRER AP RAAGEY G L FAF ELF ] P REER

L TN

B

3
=0
c;‘\
A

L ¥4l 4e1 f§ 5 0B B (Zhong and Tang, 2004; Sanodiya
etal,2009) > AFIT T EFEH RICAALTY CBRELFZRAIZSET Gy
St ¢ 3 4p g AL = % (Fang and Zhong, 2002; Zhong and Tang, 2004; Boh et

al., 2007; Sanodiya et al., 2009) > & 77 1R R % AL EFE S & BT 4 A S B i

\En
(e
b
e

HFGME 2P EERAMHAF DERE SR B SR 2

TRV S cER DY R A I TR S il O AR 3 PR N F .
G0 o R TARARE L HFILRZWARFE R 5 5% R 2 A (Chang,
1982) e A A A GY ofenfil DR ES > A AR JIBE > M F
i o wsd s o A S E o B FHARI K2 152 0 F
P E3ogshd 32§ > HPEse I - A5+ o

AR SRR LA R on M OB T2 AP ERAHA s
FTEAHARHPFTRNAPF2H S -AFHREY LT S RERES
ﬁbzﬁh%ﬁ& e oh 5 EERE 2 B PR A A S XU A SR e (Hep 3B cell)

FET o A% RSP R 2 P R R A B 2 PR RE S R (M0 2006) o 1
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RREBEEERIASERAIT AL AFEGFT 230 AL XA Ehg i
WMo AL R R RS DN TR B At S R -

TRt S pERM A Bt > ] REvime (RAW 264.7 cells) #5340 48+
AR T IERMAT AT EE P EE w2 A EAGOH R LEBE T 2
ARBEAS A s Tl B fwre 2 2 4 B RR T P RS B TR PR A 2 R
FUA BB H 2 N EFN Y RABERE T ZAACHEY I IEY O RE S

Y. > g A% A
REAEAGSH N FET &

?‘“+

A 2 AR AW 110 4T o B HEA e T
21 e AR TS pRnS L HPR
211 5 TTIE N S PERE AR gy s

212 5% S 5 R 2 4R

2.1.3 5% 5 % pERYS PS-F2 B A4t 2 A 45

22 o AR ZSFERALRD T BFI2
2.2.1 3% PS-F2 1] F eim?e RAW 264.7 7% |+
2.2.2 #£3F PS-F2 1] E v im?e RAW 264.7 s 4, B ifi4 iS

223 31 PS-F2 # i Evilim?z RAW 264.7 chd. F < §Y

2336 o % 25 pEM PR S 1L
2.3.1 § 4 PS-F2 % C57BL/6 4= BLAB/c | &t
232 PS-F2 ##:46 S-180 *%; | Bl 2 B4
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2.3.3 PS-F2 #4278 B16 #6555 |
234 PS-F2 #3248 C26 "6 5| &

2.3.5PS-F2 Frd #8412 35

1

;) B,
,ﬁ(/
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Figure 1-10. The scheme of this study.
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Sk AL FREA PN wF R A F LRI FRIRORE S
Bk .?Viiﬁ;{;ﬁ,—?’i—‘k MAREELEIMELES BRI ApEF  h oL X g
B F Ak F PRRs FHubcd F chife = 4 PAMPs o & wiim e $icd o5 o
FRLALE A AP LRF BERERSHI T UREHE NP RNF od B
fmfey H PR ~ Bt~ R be s V%’ Pk {ese £ e (mast cell ) iz
e d o Befiimie foft R mte £ B im0 b BTG L hlmie A A 3 U L

PR BRI M gt e o

—Hga T By - AR TwEpSg 8 A Rwed £ & LR
¥ > BEvgimie AILAPE 5 O PRRs R E v w2 R {3 B R DR B
ALY 5 v B8 ayed 2 k2 (Aderem and Underhill, 1999) o E ¥ fm %2
FrpEs 5 G FR B B eime o A T LR FFY Ao e
e gcE s - F 1V F ~FF odk it 2 (chemokines) % o B eiwm e 5d wE g
2R B R Twm% 45 Thl £ Ji» &1 CDS % M R 2 b » & 5
&1 CD4 % e B fm¥e 4vif s cnd & > 318 {5 X M 4 5 F R(Schnare et al.,

2001) -

BER e ZKH P23k A it @ k> X PRRs fRaenfdem i it > SR ah g

MBS I HAEF o MR o 2HEL w45 2 2 A5 CD40~CDSO ~
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CD86 = MHC 1I 7% 3R g Blde » T ¥ g BT _E'_fa S _E'_j%\l'ff’ T e
fo B it (6% o b il F i X AR F b0 BB AE 1 him e B e s i
PE imPe & 180 B 9 B v e AR 0 & i #1725 % (Cao and Lin, 2002; Lin et al.,

2006b) -

%2 F e PRRs it B A X M 4% F o igd % #84c TLRs ~ Dectin-1 §v
ﬁ%io%?TUhﬂ’éﬁ—ﬁPMGﬁ%“Eﬁm%(@Lﬁ’éi@%%
F oo T EFRIPEWMT T LTS PAMPs (£ 1-5) 0 X Flif § 9 PRRs #7§%
% > 4 Dectin-1 ~ CR3 ~  scavenger receptors ~ lactosylceramide ( LacCer ) 4= TLRs
(Herre et al., 2004; Akramiene ef al., 2007) o 1T # X » Dectin-1 iz B 7k 0 484
WA EFERE Flete > 4 B-glucan i & X 8> {I i E viiw?e &2 2 TNF-a (Brown
and Gordon, 2001; Taylor et al, 2002; Brown et al., 2003; Shin et al., 2008;
Kankkunen et al., 2010) - B-glucan % |53 - Dectin-1 it B2 585 i®* > F it
sky & 3% e e "B (respiratory burst) > # 42 TNF-o (Underhill er al, 2005;
Gringhuis et al., 2009) - ¢ F B-glucan st i% 8 Dectin-1 {1 ¥ +23% ~ E vgfimPe ~

v‘g ? 143 langerhans ‘m*¢ (Herre et al., 2004) -

CEE AL PFLF AR B R FR LB ECHPEE - |
FOM P itk e e prgp & (Lin et al., 1995) © VIR FF L an
BACARFIMML IEMASERT O FRARETERAL BB
FERRHT 2R A 3 S Rep m¥ DN T IMHMAT LY AARE B

;—‘éi%’f;—*{o AETHRIUFER R E SRR T A AR R EN R

~

o) R R R LA S AR A
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B hE

1. RERAK -~ metz o4

ARG R LE% 7 (Ganoderma formosanum) ATCC 76538 Ftk @ 3 % ** 7
Fis % 22 % A 0 6-8 T8 2 2 C57BL/6 ~ BALB/c v C3H/HeN /| B pp B 3
S #>3» ¢ & (National Laboratory Animal Center ) > C3H/HeJ (TLR4 mutant)d k-
% ¥ L & = (National Health Research Institutes, Taiwan) » 9% >+ 5 + 2 Flpud 4o
S BRERAIR25£2°C R S0£5%% 12/12 /) kg Tk o

| RE e RAW 264.7 8 4% 7 10 %2 & i (fetal bovine serum,
Hyclone, Logan, UT & PAA Laboratories, Pasching, Australia )2. DMEM (HyClone,
Logan, UT) ; THP-1 33 & 2 10 %”»2 5 2 RPMI1640 (HyClone) (RPMI10) -
AF e e £ 5 % CO, ~ 37 °C 3 & 47 0 & 2-3 X M1 w¥e 1 3 i)

4 E o

2. AR

2.1. Atk * B % A potato dextrose broth dehydrated powder 2.4 % agar 1.5 %
(PDA 3t % ) pH 7.0 -

2.2. 8 A% % A& : potato dextrose broth dehydrated powder 2.4 % (PDB #: % #) »
pH 7.0 -

2.3. EEPEH 3 % 2 C malt extract 1.5 % > yeast extract 0.5 % > glucose 5.0 % ° pH 4.5

(ME-YE £ % £) (& > 2006) -
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3.1. Es %
LR T EI PDARE R 25 CTEERE TR fE A
P4 T Aol 2 FSEH 0 BT 7 100 mL f& F# & 2820 500 mL Hinton = =
B3P 0 25°C TIRIFI A T2 f BEGR L T T A4 » B 120 rpm) o
32. T AL EmER 2% (> 2006)
AAMBAB R T2 BT A ERH (Model KMJ-5B, Mitsuwa
Rikagaku, Osaka, Japan )+ p 2 = &< ME-YE & A >3 25°C T £ 7 % - &

AE 10% > #3EE R 150rpm > i F £ 1 vvm ©

4. % ¢ 5 EERL w R B i

MR AR U F B B AL R 0 b 3B 95 %Fp Tk
FEERE T 4°C T #E i e fso M 8,000 xg 4 °C T e 10 4 45(HIMAC centrifuge
CR21 > Hitachi) » #r{8 ik 54 ik gc ik e T 5 %2 ¢k je % pE (cEPS) o # cEPS M
0.1 N Tri-HCI 4 firige (pH 7.0) % 100 °C *e i~ | phig f# > 3 gt 3 %% 3 33 005
pEdE o A f22 s % 2 Sephaose CL-6B (GE Healthcare Life Sciences, Piscataway,
NI {75 B8 d & 4 47 (90x2.6 cm ) ik & 0.1 N Tri-HCI % =% (pH
7.0) > i 0.5 mL/min # ¢ ik 7.5 mL jc & A~ 3] o

CRER. RS | v/ s Fefé iz (phenol-sulfuric acid) A #7342 £ o 14
OD 280 nm | T v & £« 5 #'% 7 Rk & o W& @42 < 32 LPS &= 4 >
F&5d 4 03 % ¢ 4 (Detoxi-Gel Endotoxin Removing Gel, Thermo Scientific,
Rockford, IL) g2 # i * LAL (Limulus amebocyte lysates) Pyrogen kit (detection

limit 0.03 EU/mL, Associates of Cape cod, Inc. , Falmouth, MA):& 5 ip| T & % ¢
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78 e FEEME S LPS 2 £ % M3 0.03 EU/mg °

CRPE 3 TR

BpEZ E P Fifiiz (Dubois et al, 1951)i& {7 4 47 » 12 D-glucose (0-200
pg/m)E iFHEEE R A7 3 F B D3 96TV N (T P40 ul etk H 2 40 ul 5
Vo3 it iR & 15 7 e 200 pl kAN o R A SN R AL Sminc A2 HE S A
% %> ELISA plate reader (Dynex, Chantilly, VA) | Z_490 nm v 3k i@ o

#-v Bk & ™ Bio-Rad protein assay dye reagent £ 2 BCA Protein Assay Kit
(Thermo Scientific Pierce, Rockford, IL)i& {7 4 47 » & 12 BSA (0-2000 pg/ml) %l i¥%

o & e

6. Eigple = o7

B 5 BEHR &0 4r > 5mL 2 N TFA (trifluoroacetic acid) » ** 100 °C = i % 8 -]
B s A Aris 2 11,000 xg 4 °C 3w 15 248 > #-F i i 5 2 2 f TFA » £
701 mL ZAR-RARZ 0y AP 804 0.45 pm i g "H(Millipore, Billerica, MA)if
Jg > £ 2 HPAEC-PAD (high-performance anion-exchange chromatography-pulse

amperometric detector, Dionex Bio-LC system 300, Dionex Co., Chelmsford, USA)

47 E B (Marry et al., 2002) - ~ 7 ¢ 41 5 CarboPac PA-1 (4x250 mm?) > 12
16 mM NaOH & 7m0k » ki F 4 1.0 mL/min » j32 » ”F? 2 &€ 5 25l
g% PAD R B & B RITRE El=+0.05V (tl =420 ms)~E2=+0.75V (12 =
180 ms) ~ E3 =-0.15 V (t3 =360 ms)% SISC 32 Chromatography date station Model

9724-4 fh & i F (RED T > S0 L)
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7. St A7

2 M TFA (121°C,2h) -kf% » @ % methylated alditol acetates ¥ £ i ji74
¥ » £ 12 NaBD4 (10 mg/ml, % 7%, 2 h):& /& > acetic anhydride (100°C, 1 h)z fg it %]
H & o R &% f33Y hexane % GC-MS (Hewlett-Packard Gas Chromatograph 6890
fie % HP 5973 Mass Selective Detector ) HP-5MS fused silica capillary column (30 m
x 0.25 mm LD. 60°C, Hewlett-Packard, East Lyme, CT)~ 47 » § /& 4 MF & 8.2
psi> % % (1mL/min) 5 carrier gas > /& & ** 60°C, | min » 2_ {& 3 ¢ 31 90°C, 1

min > £ % 12 8°C/min ** 25min = ;§ & 290°C -

>+ R

N

S pER e S+ 8 A ) R & 78] 2o Sephadex CL-6B "4 0.1 M
Tris-HCI % #=% (pH 7.0, 7.5 ml/15min) ini%-T 7> §]* § § B piRE (4 3+ £
11, 28, 50, 145, 235 f- 1105 KDa; American Polymer Standards Co. Ltd., OH, USA)
k2 AR EREEEY F RS EHEREUITREY S SRS AR

4 VA e i o =
(3 ERRIPISE FRIR: BVRSE WA %]J?Q'{;J-—Er AR

9. p-1,3-glucan 7 & & #7

k33 3ml03N 5 NaOH » > £ 02 INHCI# & pH 2 11.5+0.05 >
¥ 14 NapHPO4-NaOH # =% (pH 11.5) 2 % 2 #A 10ml > 2~ 0.2 ml #& &£ 0.2 ml
e10.1 % (W/v) aniline blue (Ferak, Berlin, Germany);® & {43 B F & 2 /| FF » 3
=% B-1,3-glucan-fluorochrome complex ° A 2 7§ % & J& 12 fluorescence microplate
reader (Beckman Counter, DTX-880 multimode detector):i& 7 #& iF| o 3k F_B| T gcad A
g st £ 2w 5 39540495 nm o i p|# 4 k3 (Ko and Lin, 2004) -

8 4§ 5§02 laminarin (0-50 pg/ml, Sigma L9634 ) %] iT » & & 2. % 5
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L2 pH & {8 £ £ aniline blue ¥ & &

5 AL T BLE Mm% £ 4 B TS

RAW 264.7 @ (1x10° cells/well ) 4e » 96 3445 @ 12 % i & > Tl { $% 37

gt & Ak 4o~ § PEREHR 5 103 20 ) PRGS 0 Jo B 32 % % 12 ELISA j# 1217 TNF-a

% 47 (PeproTech, NJ, USA £ eBioscience, San Diego, CA) °

o %t A FH

ELISA % 45 TNF- FPp F 396 3 ELISA fic® 4 ¢ 4~ 100

% %8 TiE & o 11 wash buffer ,%— N R IPN

pl 0.8 pg/ml capture antibody °
‘| B » & 11 wash buffer -;Fi“"' = X e

200 ul/well blocking buffer » % /§ = A&J2 -
R E TR R 2 )

» e 35 & ik & TNF-a #2873 7% (0-2000 pg/ml) 100 pl » »+ 38
=z 8T IF’}"

P s > 12 wash buffer /7% = =t © 3% % 4¢ » 100pl detection antibody ** % /g

©= = > 4v > Avidin-HRP 100 pl » #F sk iv* 30 » 48

o
P 2

2 /| Pt > 12 wash buffer 7
S0 Bt de » TMB AR & J& 20 » 48 > £ 2 ELISA Reader i /4 £ 650 nm

P}L;E]:El;o

SR RE e g 4

NO %4 NO synthase &€ & » # L g xE - gt s %‘—Z'Pfﬁﬁ%g 3 b= q

2R ELE > TN R e 1 & % ¢ b sodium nitrite Jk B k X & NO ik

AR
R oNO A4 £ ipl 2 * KBk B aimie his 1t g & s — -
¢ i‘“%‘_@l{ ’ ljl/gg;g]: i;r";,l:%

RAW 264.7 'm¥e (1x10° cells/well) 4c » 96 3 4
S A& 0 #-RAW 264.7 fm¥e 11 7 fe Jk B 2o %8 *h 5 pERE T gcis o B 50 pl 32 &
7#i% 4v 100 pl 5 Griess 7##( 1 % sulfanilamide - 0.1 % aphthylenediamine 2. 5 %
R&)RE s F iS5~ 481811 ELISA plate Reader i ] £ 550 nm

BEEEA R 101 38
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Bk o A5 A f 4 & U AR F nitrite 35 &0 $o0Y sodium nitrite & B 1F %8

¥ & 4 NO ¢4 & £ (Ding et al., 1988) -

SN RESwmie 2 2 B F

‘wPe el 4 H_ o MTT vt ¢ 2 [3-(4,5-dimethtithiazol-2-yl)-2,5-diphenyltetrazo
-lium bromide, Sigma]ip] %_° # RAW 264.7 cells(5x10° cells/well) % *+ 96 3t 4
"% 8 PS-F2 k&% 37°C g o il %A A% 4 20 uL MTT (Smg/mL) *+ 37 °C
TER3hF RiSLE > B} %],.Q,g/,] 4v 100 uL DMSO 1473 f235 = 0
formazan ¥ ¢ % & > £ % ELISA plate reader ip] _570 nm # & & o 12 & {12 ‘w

% IS gl > 25 100 %K .

13. ® & KF Wwowe s 215w
41 5mL RPMINO0 e di gk B2 =4 p 4w I 6cm T o f i ke
25 °C~ 300 xg &g.s 5 448 o v}'Jf 7814 2 mL ACK lysis buffer 7% 45
#5 > 4 10 mL RPMII0 ¥ 1+ F Jis » #rw (835 832 & o B~ 2.5 X 10° zm#& 3> 10 cm
#F* Tx >3 10mLRPMIIO0 ¢ ; J 4r 10 ng/mL murine GM-CSF » »* 7 5% CO,
237 CERER?PEZ BE25%3X ¥ /7’]‘ 4v 7 10 ng/mL GM-CSF 2. 10 mL RPMI10
BAAF6% 3 25°C~300xg 3w 52450 w232 %> 10mL Z 10 ng/mL
GM-CSF 2 RPMIIO 32 % & » % 7 % jcf A pL*2 % T 5 A + 32 BMDCs

(Lutz et al., 1999) -

14. BMDCs = 3 {352 A 45
B A 2 32 BMDCs (1 x 10° cells/mL)4 4% 6-well 32 & 45 » A w12 ¥ 57 %
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FERE PS-F2 2 LPS T 24 -] 5+ £ 1275 5% i 3 (flow cytometry) A 5 BMDC %
B bz 33 o il i e £ 12 rat anti-CD16/32 mAb (clone 2.4G2, BD
Pharmingen) i@ 30 4 487 3148 FcyRIIB/II receptor » 4% ¥ £ ™ & & mAbs
[PE-Cy5 anti-MHC II (M5/114.15.2), Biotin anti-CD40 (1C10), APC anti-CD80
(B7-1), PE anti-CD86 (B7-2)% FITC anti-CD11c (N-418), eBioscience] ** 4 °C %
¢ 30 ~ 4 PBS i7ixts » 5 £ 4k &£ 14 = fostreptavidin-PE-Cy7 *+ 4°C % 4 30
k48 0 B fs 11 FACSCano 11 Flow Cytometer (BD Biosciences):& {7 B 2_» & *

FlowJo software (Tree Star, Inc) 4 +7 #cdk °

15. Evglm BT * & 45
15.1. @ # FITC-E. coli

#H 5% 7 ih E. coli(5%10° cell) & i% & 5 mL 0.2 M sodium carbonate buffer (pH
9.6)7 ¢ » 5mL 7 FITC i3 i% (0.2 mg/mL, Sigma, F4272)** 37°C & £ Jis 30 4 48 -
£ 12 0.1 M sodium carbonate buffer 7 5 =t » #-FH R T3 SmL a2 w50 3
37°CHATLI0 Al k214 0icE WA CH AR TR * o
15.2. RAW 264.7 m%e & KB L 7

B3 ek R e S PR S8 RAW 264.7 w23t 37°C~ 5% COx 1 % faks %
24 ] pF > £ ¢ 1 mg FITC-E. coli %+ 37°C T F Jis | /] F& o Mpkig 2 0b 5 Jis o 4c
» 0.1 % trypan blue ‘;ﬁ"“f fmre b enF R F g 0 Fikts 11 FACS Cano 1T Flow
Cytometer (BD Biosciences, San Jose, CA)B| AL 5 ¥k E. coli ch K5 & o & *
FlowJo software (Tree Star, Inc., Ashland, MA) 4 47 RAW 264.7 ‘w% % ¥ E. coli

2% (Perticarari et al., 1994) o
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o R 2 PR

50 $F3t PS-F2 tljcd B fwie S it 4 @i s & S g s & -
tdm 4] )R 3R PS-F2 £_F ¢ 1518 MAPKSs §v NF-kB i£ /% {1 i RAW 264.7 cells &
4 TNF-a o

MAPKs #_F 7% i* H_1%5 8 1 P] MAPKSs engifis i 758030 o 4 RAW 264.7 ‘m
% (1 x 10° cells/mL)** PS-F2 flcs £14 % 3 i 2 DMEM 35 % &3t 37°C 3 %
2 ] pF > B2 PS-F2 fligc fe PERF 18 B4k o fligc2. fm?2 12 200 ul SDS sampler
buffer (62.5 mM Tris-HCI, 2% SDS, 20% glycerol, 10% 2-mercatoethanol, pH 6.8) %
B e d1 4 5 95°C Se At 10 min > 3w 238 {7 12.5 % SDS-PAGE 7 74 » ¥ #&
7% T nitrocellulose -+ ° 12 7 5 % skim milk 97 TBS % e3> 2 8 7% 1 /] PFF »
£ & 8] A4 e Fu (anti-p-JNK, anti-p-Erk, anti-p-p38, anti-JNK, anti-Erk v
anti-p38, Cell Signaling, Danvers, MA; B-actin, Santa Cruz Biotechnology, Santa

Cruz, USA & HDACI, Upstate Biotechnology, Waltham, MA) # 4 °C & i & >
2z 0.1 % Tween-20 2. TBS ¥ e j5ie = = » £ 4v » {&77 HRP 2 = 4>t 3
BT F 1 RE o 11 E 0.1 % Tween-20 2. TBS % e i7-7%£ = = » ¢ * enhanced
chemluminescence kit (ECL, VisGlow, Taiwan){r chemiluminescence imaging
system (UVP Autochemi, Upland, CA)# B - ¢ & ek & 58 33 /2 Imagel software
(National Institutes of Health) 4 7

NF-kB 7% it e 2 & = &3 72 B NF-xB =% # *(nuclear translocation)
% [-kB 9% fZ o 2% RAW 264.7 cells (1x10° cells/mL)** 6 cm T = # 12 PS-F2 5
PR RHREAE o TSR e I o B2 anti-I-kBa (Cell

Signaling, #9242)% anti-NF-xB p65 (Santa Cruz, SC-372) 2z_ 4~ %488 {7 & > &
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7% o ¢ * enhanced chemluminescence system # B e

P4 B2k B RAW 264.7 ‘e (1x10° cells/mL)#& &>+ 96 L4 » &1y
MAPKs 2. & — e (JNK $##4] % SP600125, p38 Fr#4# SB203580 = ERK
Fr4)& UO126 ) &% NF-kB 2. & — #3474 H#(MG132 2 Calbiochem No. 481406) »
t PS-F2 fijp d2 30 4~ 45> £ 12 PS-F2 §j§ 20 /| P {3 B~ + & 7% » 7 TNF-a

A2

lf“tﬂ

%%iLc

17. WaF 3 @32 we TR me 3
#-% 6-cm dish 7 RAW 264.7 i * - 2 PBS fi% {5 4042 B+ 1.5 ml < ¢
o 12 (1,500 xg ~ 3 min)&d 5>t 200 pl buffer A (10 mM HEPES, pH 7.9, 10 mM
KCl, 0.1 mM EDTA, 0.1 mM EGTA, 1 mM DTT, 0.5 mM PMSF) » *t/k F g foiR &
15 min {4 7 e 10 pl 10 % Nonidet P-40 #L ] » 3o (58 F Kk L mre FFEBR o
WP 5k 4 £ 5> 50 pl buffer B (20 mM HEPES, pH 7.9, 0.4 M NaCl, 1
mM EDTA, 0.1 mM EGTA, 1 mM DTT, 0.5 mM PMSF)-v & ;& £ {43~ 4°C # & 15

min > Ao 3 b K B e PLE B o BT B 080 °C R 1r Rl o

18. %2 5% W0k R 2 A 45
A W H-dn v v 48 ¢ fedid¥ (Anti-Dectin-1 ~ Anti-CR3) & < #8 & — M3
4| (mannan ~ laminarin ~ piceatannol ) £ 2 RAW 264.7 'm% & | pE R

PS-F2 §i# 20 -] pF{s B~ ki » 47 TNF-a 22 2 4 £ -

19. @&/ KF WL P Eime
r4 5 mLRPMIN0 % I g4 ] &% d p #F w1 6cm T 2z f ooz 3+ 25
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°C ~ 300xg 3o 5 & 48 > GJ,% st is 14 2 mL ACK lysis buffer iv* 45 ) » 4c
10 mL RPMII0 ¥ it F i » 3 (535833 & - B~ 2.5 x 10° w3t 10cm & B * &
® > 3> 7mL RPMIIO0 * /,’]‘ 4v 3 mL L-929 cell-conditioned medium * ** 3 5 % CO,
2237 CEERH"BEZ BR2¥3X 5";',’]& ‘v 5 mL £ % A (RPMII10 %z 30 % L929
medium) > % 7 X fT f pErTHE K 2 0] BUF B4 1 E ¥ w72 (bone marrow-derived

macrophages; BMDM) (Celada ef al., 1984) -

20. =3t ¥
i AR CEA R F RIS EA > PSR TR
#9700 FALIF R * two-tailed Student's r-test # T & F AR EF L R FEF p<

005 - A% 2 3 -
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12
*4e

1 P RERAITA RS SRS

AFHRTYI SLEENFERERL BN IR BRHET AT A
Ad S B0 S pE o BRI 2 B OS %I #E T A4CT T vt
fe ¢hofe 5 RS (CEPS) o H FSiMgcE 2 e b S EREE A~ % 5 7.6g/L fr22¢g/L
(F > 2006) °

LRI RSP Y TR SR 2 SEWEEE G LA NS
Mo B Tk 6 22 cEPS g R FE0% 123 Tris-HCL  (0.IN, pH 7.0) % 7%
fo F&F 1M E s & 17 Sepharose CL-6B ¢ {1ig {7 4 3% it o 12 Tris-HCI (0.1 M,
pH 7.0)% /nieik » Ble t 232807 & ° &% 4cB 2-1 #7¢ » o» #&% 2 cEPS
YA AT A4S PS-F1 (A 4] 15-21)~PS-F2 (4 4] 33-44) v PS-F3 ( 4
F145-55)= B A& A3 8 ARl a4 W 2 1624 £2.19 %5581 £2.97
%fr 27.95 + 2.11 % o r2 OD280 nm ¥ i#] & & 1B & b2 S M 7 F 39 B

A e ptoh 5 CEPS § 3 4 6.88£0.26 % (wtiwt) g-d

2. o BRI IENZERBESZLIE

LR SN Y S pERZ B 4w 4 4 PS-F1PS-F2 f- PS-F3 11 TFA -k % -
%+ HPAEC-PAD (Dionex Bio-LC system 300)4 17 H ¥ 4 & = > #7118 2_ 4 47 Bl 3 4o
Bl 22 02 BIE BBl vl B A5 e Sdcd 2.1 77 > PS-FI » PS-F2
i PS-F3 % prfcni & H 4% = 4 358 D-mannose (Man) ~ D-galactose (Gal)fr

D-glucose (Glc) » iz = fa ¥ #;%,T&fé 7 8=t s HY PS-F2 & H gD B oA
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—e— OD 490 nm

3.5 3.0
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3.0 -
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1.0 -

0.5

0.0

Fraction number (7.5 ml/15 min)

W 2-1. o8 % 34 % pEAi 2 Sepharose CL-6B & 17

Figure 2-1. Sepharose CL-6B chromatography profile of cEPS from G
formosanum.

The obtained cEPS powder was dissolved in PBS buffer (pH 7.0) and passed through
a Sepharose CL-6B gel filtration column (2.6 x 90 cm ). Fractionation was carried out
at the flow rate of 0.5 ml/min with Tris buffer (100 mM, pH 7.0), and 7.5 ml per
fraction was collected. Fractions were pooled according to polysaccharide distribution
to obtain 3 major polysaccharide fractions (PS-F1, PS-F2, and PS-F3), and pooled
fractions were concentrated by ethanol precipitation. Fractions were assayed
colorimetrically for sugar content (e, OD 490 nm) by the phenol-sulfuric acid method

and for protein content (o, OD 280 nm) by UV absorbance at 280 nm.
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PS-F1

1 M PS-F2

|

PS-F3

—

|

Monosaccharide standards

Trehalose
Fucose
Rhamnose
Arabinose
Galactose
lucose
Mannose

G S
Fructose
Sucrose

-

Retention time (min)
®] 2-2. PS-F1 ~ PS-F2 ¢ PS-F3 2. HPAEC-PAD %k 17 Bl #

Figure 2-2. HPAEC-PAD chromatography profiles of PS-F1, PS-F2, and PS-F3.
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% 2-1.PS-F1 ~ PS-F2 &2 PS-F3 2 H 2 =

Table 2-1. Carbohydrate compositions of PS-F1, PS-F2, and PS-F3.

Sugar component Molar percentage (%)

PS-F1 PS-F2 PS-F3
D-Mannose 50.13 4491 33.35
D-Galactose 13.1 38.64 30.84
D-Glucose 17.47 8.26 20.52
D-Arabiose 6.94 0.08 8.78
L-Fucose 2.71 8.02 4.44
D-Fructose 0.45 0.09 0.74
L-Rhamnose 9.21 ND 1.33

ND: not detected
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% 44.91:38.64: 8.26: 8.02: 0.08: 0.09 (Man:Gal:Glc:Fuc:Ara:Rha ) > Man 4 Gal %*u
b1 8 &b o Jwipl 5 Mannogalactan A oo ¥ ¥ R EALIL G A A p e
D-fucose (Fuc) (Wang et al., 2002) -

Hige 2 G lucidum 3 3 %8 % 3 F3 ~ GI-PS & GLPP % pEd8 %o = vt di
ok B G lucidum + F 805 pER 2 & 5 D-glucose 7 P 217 ¢ (Cao and Lin,
2002; Cao and Lin, 2004) » 81 & 2 4f2 22 S EHMFISRLIEE B A 253 F
EIHFNLE A AL ABIPSF2 - AT S pEM -

% iB- B f# PS-F2 2 42 > 488/ & 47 Sepharose CL-6B ¢ it {7
PS-F2 3+ Rz plaoBiEe wh 3 £ 2 § RpERE e £ 8% T5(F2-3)
B PS-F2 3o spbz A4l (A3139) ~5 €% 14 KDa» wfc2 PS-F2 (4 4]

333 44) %[ /it 6 7] 52KDa 2 fF

3.PS-F2 pE At & A
A AT PS-F2 iR pEAT gt A3 AR i et 4

GC-MS & {7 & 7 & B ehigt 2

it

> PS-F2 ¢ GC-MS 4 17 ®# (W 2-4) &
isomaltotriose {rf%* mannan &8 4% 4% & ¥ > Bgor PS-F2 enpE A B 4% 4
£ 12 6-Gal fv t-Man 5 i (% 2-2)> @ H e = &2 HPAEC-PAD ( % 2-1) # {70
BEEF - R wH P t-Man ¥ t-Glc 42 2% F FF {2417 > 6-Man £ 6-Glc

FUFF R ART o BT Dy R FHL FOTHEE BT { TR

IR 2 & JL I A 7 ek

4. p-1,3-glucan 7% &

B-1,3-glucan ¢ 43 3 pERE 2 $ 52 3 »2 %% #(Brown et al., 2003;



4

3 |
)
v
220 PS-F2
S

y =-0.1019x +5.1204
I R>=0.9641
0
10 15 20 25 30 35 40 45

Fraction number

# 2-3. 12 Sepharose CL-6B & 17 ¥ {Lif] <_PS-F2 4 + §

Figure 2-3. Plot of fraction number of standard dextrans on gel filtration column
against their Log [KDa].

The regressions function of determination of sugar standard on Sephadex CL-6B

column.
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6-Gal

17.69
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o |
Q | |
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©
c 1 |
| |
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g | it
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| -Man I
5000 CFuc 15.72 16.85 1705 1844 1875
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®] 2-4. PS-F2 2. GC-MS |3

Figure 2-4. GC-MS linkage analysis of the PS-F2 fraction.

Superimposed extracted ion chromatograms are based on m/z 130 for 2-linked and
2,6-linked hexoses, and m/z 118 for all other residues. Identification of the individual
partially methylated alditol acetates was based on the afforded characteristic EI-mass
spectra and their respective elution times with reference to separately prepared
standards. 2,6-Gal and 2,6-Glc standards were not readily available for further

identification of the peak labeled as 2,6-Hex.
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%22, 1 GC-MS 245 PS-F2 2 BE R4t %2 TR
Table 2-2. Glycosyl linkages and retention times in GC-MS of PS-F2 glycosyl

residues.

Carbohydrate residue Retention times

t-Fucose 14.241
t-Mannose 15.726

2-Mannose 16.85

3-Mannose 17.073
6-Mannose 17.312
6-Galactose 17.694
2,6-Mannose 18.442
2,6-Hexose 18.747

t-: terminal
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Goodridge et al., 2009) » A= 7 | * f§ H ~ if & chF £ F ¢ & kPl 2 p-1,3-glucan

ez £ 0 d 3 B-1,3-glucan %4 ¢ &2 aniline blue E-HREIBNFE PR

sirofluor » % B ¥ £t Fend & %7 w4 f-1,3-glucan 1 -

11 0-50 pg/ml laminarin ( B-1,3-glucan ) % & &2 5. %] iT45 % 4% ¥ 5 (@] 2-5A,

y= 25435x + 83156, R* = 0.997) > B-1,3-glucan 3 & 2 ik ApEE 2 F A 35 4
5t > PS-F1 ~ PS-F2 4r PS-F3 7 3-1,3-glucan 7

455 244+£028%1.36£0.17

% 1.77+0.29 % ( § 2-5B)

5. PS-F2 §|jF &% & 2 TNF-a
TNF-o £ {13 & E it im £ Dliw ]~ 4 >

SRR H W e g Tl
A2 -

BERhmie g » el s i LR - L LRF BIF ML

(Gaur and Aggarwal, 2003) » F]t x4 5 §1* RAW 264.7 | R E viiw® > BiEE

F_Bm”?;;d',;r,é 1FAZ TNFGXL'V:"/%{“':?W:'W7 LB S e

A 14 cEPS fj RAW 264.7 fmfe > § 8 A g 4] vt e pF > cEPS ¢
# RAW 264.7 fm¥e cnim?e 32 %% » ¥ |1 TNF-a 2. & 4 (B 2-6A) » ¥ *b & w]12
PS-F1 ~ PS-F2 4= PS-F3 {1/ RAW 264.7 'm*z > = i & 4]+ Kg | RAW 264.7

w? & 4 TNF-a> H ¢ x 12 PS-F2 &% 4 % F (B 2-6B) °

w

l“‘\ﬂ

EEF P
ff/}i"*'ﬂ i‘gﬁmi‘gﬁ’?"’*f"g‘_o i (1B 2-6C) -

7 OD280 nm ¥ kB % cEPS %48 &k 474 %] (B 2-1) 13k F 2 £ > o7

PS-F2 2 PS-F3 § i nd=i 5 o 51 4% 5 PER {1 RAW 264.7 i

A2 TNF-o 254 % pE#® 30 J#%4 o L% cEPS 2 PS-F1 - PS-F2 v PS-F3

" proteinase K it % 2 f}w Fis » B3 Fd Fen s pEREAR 511 RAW 264.7
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(A)

16
Z 14 y=0.2543x+ 0.8316 ,
Z 12 R*=0.997
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%] 2-5. )4 aniline blue * ;% | _p-1,3-glucan 3 £

Figure 2-5. Aniline blue dye-binding curve of laminarin standard (A) and
p-1,3-glucan content in three fractions (B).

It represents the percentage of f-1,3-glucan in total sugar for each fraction.
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(D)

40
35 | O Control ,_I;
30 { 00.5pug/mL T
%. 25 { B 2pg/mL é?’.‘.
= 20 { B 8pg/mL 555
o
= 151 @16 pgmL =i
10 - i
24 48 72 96

Incubation time (h)

W 2-6. &% 35 pEW €4 ¥ RAW 264.7 w?2 & 2 TNF-a v NO
Figure 2-6. PS from submerged culture of G. formosanum induced TNF-a and
NO production in RAW 264.7 cells.

RAW 264.7 cells were stimulated with untreated or protease K-treated cEPS (A), or
PS-F1, -F2, -F3 (15 pg/ml) (B), PS-F2 (0-30 pg/ml) (C) in the presence of polymyxin
B (10 pg/ml), and TNF-a and NO production (D) were measured as described in the

Materials and Methods. Data shown are representative of three independent

experiments.
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wiE o F IR v TN Tk T2 XL B L LA DAL A
>k P % EEREIRA (] 2-6A, 2-6B) -
FRp = "fTT AFEF AT * ch s pERE X T LPS (lipopolysaccharide ) 7= 4 @

#o Rl Tk 0 PS-F2 L7 LAL test 38 5% Bl Tk & ¢ ) & % 013

l“‘b
&

.im

T3 e & & 7 £4%%.0.03 EU/mg 12 < © 4+ polymyxin B & £ LPS «hlipid

A 2R

n\\—

&igm prd|H i¥* (Morrison and Jacobs, 1976) » # il jclm e pF > & 5
w e B & z&“ 7 4c 1 LPS #4uE| polymyxin B (10 pg/mL) > % % &+ TNF-o
A 4 4 % % polymyxin B #7#47#|( B 2-15)- @ LPS tolerance » & (Nomura et al.,
2000) & 4p e $43 % = =00 LPS {2k 3 @< % o Flpt L LPS {5 RAW
264.7 fm¥e 5 | BE{s 0 g PBS ik mee (5 £ 12 LPS AILinz 20 | B o £ LPS
tolerance T B 8T 0 % 2 X eh LPS fljcdoipdp 2 £ 2 4 TNF-a (B 2-7);
@ 12 PS-F2 & LPS L a2 m?e 5 | F¥{s » £ 2 PS-F2 g2 m?e 20 /| pF » TNF-a
g 4 F A F) % - = fgem £ ) 8o PS-F2 7 £ 5 LPS tolerance »xJ& > PS-F2
flgctsdls & LPS 2 > 7P AR T S EM AT %R PIEZ TKE 5w

e A E A kg SR T AR LIPS S AT IR o

6. PS-F2 {1 RAW 264.7 m*z 2 4 — § i“ §

- F 1% (NO) i&Fd iNOS#& & § Eviimee £ 3|l jpr » § i
iNOS +~ & % 3, » #Lit arginine # = NO % citrulline > #r& 2 A NO & 5425 5 7
BEENAaFREofd A FE R RIABAATELE AT LG AR
Fobizponi 4 o F udrglimre 8EA £ B R R 0 2 AT E B R

o X F AR E R gtk — (Kwaketal, 2005) » Ergiim? #7& 4 7NO =< %

69



40

%% *k
35 - — 1

30 A T T

25 A

20 -

15 - - _

TNF-o (ng/mL)

10 -

1st - LPS LPS LPS PS-F2 PS-F2
2nd - - LPS PS-F2 - PS-F2

B 2-7. PS-F2 # E LPS tolerance < &;

Figure 2-7. LPS tolerance not existed in PS-F2-treated macrophages.

RAW264.7 cells were treated with PS-F2 (15 pug/ml) or LPS (0.5 pg/ml). After 5 h,
cells were washed and restimulated with PS-F2 or LPS for an additional 20 h. TNF-a
levels in the supernatants were assayed by ELISA (n = 3). Data shown are

representative of three independent experiments.
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AR PR T ARBARR > FI R e AR LA KR (NOY)
JER kS & o ¥ PS-F2 1% RAW 264.7 m® > PS-F2 (2-16 pg/mL) % 24 | p¥
s A P BT e A 4 NO; @ §1 5 48 0] BF 15 T &8 % 11 RAW 264.7 ‘w% &
2 NO (®2-6D)> = 22 BAEF AL 2 2R & i 5 AR LR
el o 1t 8 ug/mL PS-F2 2+ Bl 3 PP AEHE 4 NO o

4 5- PS-F2 ¥ cEPS = B i & 5@HMALY F£5 % (5581£297%) %

the BeF (R 2-6B) Flt 2 7 8 e 3 i 2 PS-F2 2 #5132 % 2

SEEREZ AR E A S ] X E R H RS

7. PS-F2 ¥ 3 5% RAW 264.7 %z e Rl
BT i R T F R AL LR SR E R we A 3 o BB

3
BT PR E RME e R B 4 i et M enit 4 e 5T
Bi f& PS-F2 endL B 3d &% i > & F4F 31 PS-F2 4.7 ¢ 3 % RAW 264.7 ‘w*z 4
FITC-E. coli sh% viic + o % RAW 264.7 'm? 82 PS-F2 35 % — X {5 » 4o » § ¥ %
ot hE. coli B B> % FILNEFE PS-F2 1A £ (0-8 ug/ml) 3 4e @ 1

RAW 264.7 ‘m*2 & 4 { HFenavimt (B 2-8) 0 B RAW 264.7 % % PS-F2

Pligcts #1205 oidem 3 R A > 9 Lshend i 4 o

8. PS-F2 ¢ #li RAW 264.7 % i3 4

5 7 FEE01 PS-F2 1 RAW 264.7 m®2 2_F € ¥ RAW 264.7 ‘m¥e |53 4
# 1 3 > % PS-F2 (0-30 pg/ml) AJZE 7 RAW 264.7 fmse » Jx4e MTT 4] 1 il
RAW 264.7 ‘m¥s éndf 2 25> 327 PS-F2 HEvlim™ e R A &5« B % AT
14 5-20 pg/ml 7 PS-F2 & £ 2 RAW 264.7 'm?2 2 7 ¢ 5 T RAW 264.7 e
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Figure 2-8. Effect of PS-F2 stimulation on phagocytosis of RAW 264.7 cells.

RAW 264.7 cells were preincubated with PS-F2 (0-8 pg/ml) for 20 h, then challenged
with FITC-E. coli particles at 37 °C for another 1 h. Phagocytosis of FITC-E. coli
particles by RAW 264.7 cells was examined by flow cytometry as described in the

Materials and Methods (n = 3). **P < (.01 compared to unstimulated group.
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PS-F2 e 4r i & § & RAW 264.7 im¥% 3 2 i i 2 52 % (1 2:9) & ¢ 12 15 pg/ml
PS-F2 {8 4 crvc % Bods > 3 4 »c % iE 15% = 13.35 (P=0.004) > ie & % ¢
F| R 2% P48 0 F A E (30 pg/ml) 1 PS-F2 F RAW 264.7 'm ¥ e 2 s %
(97.4%+223) Rl W& E chi » 87 5-15 pg/ml 7 PS-F2 & 4 M ¥ M| E

EELE ERE R

9. PS-F2 §i & = B AR e 2§

BRI 5k h Y AR 2R E R ol AR A AR b
2 A PARF L Bt & ARl PR A IR X BB I H
TR o R ERE T wier Bwe » NE AT - KR FOLAF
(Lanzavecchia and Sallusto, 2001) ° % 3=/ » % 7 5 pE I3 £ 5 {1k R wre
FH2G A FERPSF2ITE AR GHLT Tl d A K Hwe L5 A
L AR e > £ 2 PS-F2 i (7 ) o

CD40 ~ CD80 ~ CD86 2 MHC II 3 #t% ‘m% % & + ¢h2 34434 (maturation
marker ) > § AR dwre & BPF > © Foipdt & RERIRSEA IRE § L2 8 4r o § PS-F2
(8 pg/ml) i 4e v 3f $ 4 K 3 fi2 BMDCs - 4238 % > & & X {1 fch BMDCs
Pl et fieo g 3 PS-F2 it 42 CD40 ~ CD80 ~ CD86 2 MHC II iz#* BMDCs
oo RARGEA R E R 4 (B 2-10) 0 37 PS-F2 & 5 TR miz 5 2 #

it ARRBV I PS-F2 (T4 A A2 T o

<

HALF A2 M e R

10. PS-F2 € 3% 8P % LF &
P A - R E o et R s 4 R
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Figure 2-9. Effect of PS-F2 stimulation on cell proliferation of RAW 264.7 cells.
RAW 264.7 cells were incubated with PS-F2 (0-30 pg/ml) for 20 h in 96 wells plate,
then added MTT solution at 37 °C for another 4 h. The absorbance of the DMSO
solution was measured at 570 nm (n = 3). Results represent one of three independent
experiments with similar results. Value are expressed as mean = SD, *P < 0.05; **P <

0.01 compared to unstimulated group.
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W 2-10. PS-F2 € ¢ % C57BL/6 /| 8 % %4 "R w4 6 S B2 2 R

Figure 2-10. PS-F2-induced phenotype changes of BMDC.

C57BL/6 bone marrow cell were cultured in GM-CSF (10 ng/ml) for 7 day, then

stimulated without (dot line) or with (straight line) 8 pg/ml PS-F2, or 1 pg/ml LPS for

1 day, and cell surface markers on BMDC were stained with mAbs. The cell surface

expression of CD40, CD80, CD86, and MHC II was then examined by flow

cytometry as shown by fluorescence intensity. DCs were gated on CD11c" cells. The

results are representative of three independent experiments.
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PS-F2 & F ¢t it ) QM) Evgiwre 50 > A8 P S8 LF & %

PS-F2 (50 mg/kg) "go%ix 843 CSTBL/6 | & > 16 -] PFis & 47 L3R ek ¢ i
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Figure 2-11. PS-F2-induced acute inflammatory responses in mice.

C57BL/6 mice were challenged i.p. with 50 mg PS-F2 in PBS. Mice challenged with
PBS used as negative controls. (A) Representative dot plots of Ly-6G (Ly-6G—FITC,
BD Biosciences) and 7/4 (7/4-biotin, AbD Serotec) expression on peritoneal exudate
cell in C57BL/6 mice injected 16 h earlier with PBS or PS-F2, the Ly-6G" 7/4" gate
represents neutrophiles. (B) Neutrophil percentages in the PECs (n=5) after i.p. with

PBS or PS-F2. The results are from three independent experiments.
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Figure 2-12. PS-F2 induced phosphorylation of MAPKSs.

(A) RAW 264.7 cells were stimulated with PS-F2 (8 pg/ml), and cell lysates were
prepared at different times after stimulation and subjected to Western blot analysis
with antibodies specific for phosphorylated and total JNK, Erk and p38. (B) Amounts
of MAPKs in panel A were quantified by densitometric analysis (Imagel).
Phosphorylated MAPKs were normalized against total MAPKSs. Bars indicate the ratio
of phosphorylated MAPK amounts at indicated time points to those at 0 min. The data
shown are representative of three independent experiments. (C) Effects of MAPK
inhibition on PS-F2-stimulated TNF-a in RAW 264.7 cells. RAW 264.7 cells were
pre-incubated with various MAPK inhibitors for 30 min and stimulated with PS-F2
(15 pg/ml) for additional 20 h in the presence of inhibitors. TNF-a levels in the
supernatants were assayed by ELISA (n = 3). Data shown are representative of three

independent experiments. *p<0.05, **p<0.01 compared to control.
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Figure 2-13. PS-F2 induced I-kB degradation and NF-kB translocation.

(A) RAW 264.7 cells were stimulated with PS-F2 (8 pg/ml), and the cytosolic and
nuclear fractions were prepared at indicated time points. Lysates were then subjected
to Western blotting with anti-I-kB and anti-NF-kB monoclonal antibodies. Data
shown are representative of three independent experiments. (B) Amounts of [-kB and
NF-kB in panel A were quantified by densitometric analysis (ImagelJ). I-kB amounts
were normalized against actin and NF-kB amounts were normalized against HDAC-1.
Bars indicate the ratio of I-xB and NF-«B amounts at indicated time points to those at
0 min (n = 3). (C) Effects of NF-kB inhibition on PS-F2-stimulated TNF-a in RAW
264.7 cells. RAW 264.7 cells were pre-incubated with NF-kB inhibitors for 30 min
and stimulated with PS-F2 (15 pg/ml) for additional 20 h in the presence of inhibitors.
TNF-a levels in the supernatants were assayed by ELISA (n = 3). Data shown are

representative of three independent experiments. **p<0.01 compared to control.
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Figure 2-14. Effect of mannan on the TNF-a production in PS-F2 stimulated
RAW 264.7 cells.

The RAW 264.7 cells were pre-treated with or without mannan (0-200 pg/ml) for 1 h
and further stimulated with PS-F2 (10 pg/mL) for 20 h in the presence of mannan.
The TNF-a levels in the supernatants were assayed by ELISA (n = 3). Data shown are

representative of three independent experiments.
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Figure 2-15. The inhibitors of dectin-1 receptor and Syk suppress the TNF-a
production in PS-F2 stimulated RAW 264.7 cells.

The RAW 264.7 cells were pre-treated with or without various inhibitors:
neutralization mAb of anti-Dectin-1. (R&D, MAB17561) (A), laminarin (B), or
piceatannol(C) for 1 h and further stimulated with PS-F2 (10 pg/mL) for 20 h in the
presence of inhibitors. The TNF-a levels in the supernatants were assayed by ELISA
(n = 3). Data shown are representative of three independent experiments. **p<0.01

compared to control.
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Figure 2-16. Effect of piceatannol on PS-F2 induced phosphorylation of MAPKSs
and degradation of I-xB.

The RAW 264.7 cells were pre-incubated with or without piceatannol (25 uM) for 1 h
and cell lysates were prepared at 30 min after PS-F2 (8 pg/ml) stimulation at 37 °C.
Total lysates were separated on SDS-PAGE and immunoblotted with specific

antibodies, as described above.
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Figure 2-17. The blocking antibody of CR3 inhibition the TNF-a production in
PS-F2 stimulated RAW 264.7 cells.

The RAW 264.7 cells were pre-treated with isotype control (IgG2a, eBioscience,
16-4321-81) and neutralization mAb of anti-CR3. (eBioscience, 16-0112-81) for 1 h
and further stimulated with PS-F2 (10 ug/mL) for 20 h in the presence of antibody.
The TNF-a levels in the supernatants were assayed by ELISA (n = 3). Data shown are

representative of three independent experiments. *p<0.05 compared to control.
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Figure 2-18. TLR4 and Dectin-1 receptors participate in the PS-F2-mediated
TNF-o production.

BMDM (5x10* cells/ml) from C3H/HeN (WT) and C3H/HelJ (TLR4'/') mice were
pretreated with the laminarin (0.3 mg/ml) and piceatannol (25 puM/ml) for 1 h and
then stimulated with PS-F2 (15, 30 pug/ml) or Poly (I:C) (10 pg/ml). After 24 h, the
culture supernatants were then collected and TNF-a levels were measured using

ELISA (n = 3). Data are presented as mean + SD. **, p<0.01 compared with control.
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Table 2-3. The monosaccharides compositions of various polysaccharides from Ganoderma.

Mannose Galactose Glucose Fucose Rhamnose Arabinose Fructose Xylose MW(KDa) Reference

PS-F1 50.13 13.1 17.47 2.71 9.21 6.94 0.45 — >2000
PS-F2 4491 38.64 8.26 8.02 N.D. 0.08 0.09 — 14 This study
PS-F3 33.35 30.84 20.52 4.44 1.33 8.78 0.74 — 2-4
(Wang et al.,
F3 15.1 13.5 58.1 7.1 0.7 g — 3.1 >788 2002; Lai et al.,
2010)
PL-1 — 21 73 — 6 — — — — B ‘al
aoetal.,
PL-3 100 - _ 2002a)
PL-4 7 — 93 — — — — — —
(Cao and Lin,
2002; Shao et
GI-PS 2.9 1.3 60.2 6.0 22.3 7.3 584.9 al.. 2004: Chan
et al.,2007)
_ - o (Cao and Lin,
GLPP 3.8 46.6 3.7 21.4 24.5 512.5 2004: Ho, 2007)
GLPC — 66.2 16.2 17.6 — — — trace 12 (Ye, 2008)

W-II
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£23.(F) LAKGTHML SEUEBES

Mannose Galactose Glucose Fucose Rhamnose Arabinose Fructose Xylose

Lot 11.1 2.5 36.0 — 2.4 41.8 —
EXP 48 .4 3.9 40.9 trace e 3.0 —
GLP. 1

GLP;2 3.1 5.7 91.2 — — — —
GLP — — 12.8 — - — 14.4

96
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1.7

MW (KDa) Reference

(Yue et al.,
461.8, 1.7 2008)
(Jeong et al.,

2008)
5.2 .
15.4 (Liu et al., 2010)
(Yang et al.,

2010)



(M > 2000) > ‘G d "B s i &~ 2. PS-FI ~ PS-F2 4v PS-F3 7 pEfd » 38 3
i 42 113 RAW 264.7 fm%e 2 2 TNF-o (] 2-6B) > & 7 #2%% fljpciad ke p 5 ok
BE gy JRG o 8- o 0 e KRR R R R D PR fged TING o AR
T B e im e s e B %k p > 5 pEREI > (B 2-6A~2-6B)° % p A 52 %
ERE R Bod TN 15— 4% § Tl Con A R i 2 Mm% > i - im e 3 2

g (Wang et al., 2002) > 3o &3 a5 130 8% pEl e % o
P

Wang % A #FIFE -0 ¥ & fucose €47 % PR A Fia b2 R o > 1Y
o-1,2-fucosidase 'k % % 4 *t = eh fucose FOF3 e A & € X F|Fr] (Wang
etal,2002) " ;#% ¥ % PEA = 464 3] PS-F1+PS-F2 4v PS-F3 4%% 7.4 fucose
Higled (£ 2-1) J 82472 BT 5 #% 2 5 Bl b fucose » LB 47t =4
R H A (4 2-2) 38R fucose i A ¥ SR T I BEHAED AR &

PR s o BN T I Mg e (& 2-1 4 2-2) 58RI PS-F2 g

%12 mannan i #Fe0 S ERSH A& L SRR (B12-19) » FEF D
AR AR w2 MY 50 mannan » BT € Tl A s H 2w 2 2 TNF-o

(Bajtay et al., 2000; Mizuno et al., 2000; Cutler, 2001; Tada et al., 2002)> & 7 & %3
§ 34 A o AR PS-F2 end Hn g S pa g ank o F % ¢ B3k B-1,3-glucan
G e B EBE L ¥ ok fE B-1,3-glucan 4t % 0% — (%% laminarinase ( Sigma,
L-5272) -k f% PS-F2 » {& laminarinase % E/)I* ¢ % 2] 11 RAW 264.7 iz & 2 =+

£ TNF-0> £ 2 FE3nPS-F2 chi £ 8 § 5 8.3 TR fap & AUl s m R i< B9
B-1,3-glucan &é.ﬁé.ﬁéﬂf#%#ﬁ}jﬁﬁﬂi § o A RIrEER AFET 0 RVHT A SR

g B % - MarkizpE4 > 4o a-1,2-fucosidase & a-1,3/4-fucosidase (Wang et al.,
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Figure 2-19. The backbones of Reishi polysaccharides (Wang et al., 2002).
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2002) %4531 5 PERE 2 S S LA D FIEL M 4 o

R mre £ R & Bwve (antigen-presenting cells ) » ¥ 1 gxds L X [ 5 i 2
R % - s A LR o A SRR R w4 #3020 T w s (nonlymphoid

tissues ) ETFR T EE v 1 0 FASHOBPRBARZ S 0 R g F
7

?

o33 Tk BF A ¢4 2RI MER FEIRIETF LA
g 4 ehimee (Cellaetal,1997)° 7 I kihen s gl 9 o SR w2 5
AL AEBEH I HR@ET FLHET P RRM SRS NEET S
(Chan et al., 2007) o 4 PS-F2 2 js_ | K% #gimrz & 1t @ Kk ehk £ RHER w2 »
FIA S HAR e b 4 2e CD40 ~ CD80 ~ CD86 v MHC class 1T 4 £
B a4 (B 2-10) 0 B s 3 IR PS-F2 i 38 2 3R % 4 6 TNF-o
IL-10 ~ IL-12 p40 4r IL-6 % ‘% jic% (Pi, 2009) » &fn - 4% 5 5 548 PS-F2 &
TR mie 2 LR D& FEMod SR wie il F IR PEET B SRR
K+ %‘r;ﬁ e w1z (vaccine adjuvant ) > A ZEF A T 3 b4 TR~ GuE o
7 M PS-F2iva LA Z®an* piF3ds o d R FHB S PFEFREINF
24 PS-F2 (% 4 i (8 eh™ (T4 F ¢h3aip] 5% 57 5 PERE PS-F2 i /& 1 R fm
s FOLE T e o iea B et d B BAAHN 0 M PS-F2
SRR A ST BT - ARG o

FLF A A MALG B2 & L (irritation) PF¥TA 24 chd LR i o

LI AR o Wi ARE @ X G A Por eIty A

NA-

< e

)‘1\

v oo H PRIE 0 R Sk FF REE B R MR frinre d g i i

o Bdshmre hoal R s - BRGS0 R M RERE 2 4R s
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(Aggarwal et al., 2006) » % & ehik % & g2 F PS-F2 i fljgis “ Eeiim®e » 5 7

FIRP DA TS §AFFLF B F I Ergiwre o F % PS-F2 "L 6
Flgel B 16 ) B {65 ILOE it i ) ek o fhsk 2 B Pisg o o PBS flgesiiy
Fles BEEFasse (B 2.11) 7 PS-F2 REF LA B LK e (B

fmre ) BE IR LRl § A2 F Lk o AF A MOFULF Ko

i E e ¢ - 1 8 NO him e F| 3 o B e Benficd d 2 m
N & 2 Fuk (Watford ef al., 2003) s NO e84 82 3 (v B it im 2 ch A 17 4
F1F M B F 3 MBS g i (Kwak er al., 2005) < ¥ % ¢ 2 PS-F2 (2-16
ug/ml)ASE RAW 264.7 'w*e ¢ B ireng + NO-» 24 AR ez sl % (H
2-6C )o + *b » PS-F2 it 4 4 3 E v im*e ch B a2 (B 2-8) & ‘w2 5 4 (B 2-9)
il RMp &g LF & (B 2-11) e R %5981 8% 2 5w

PS-F2 £ 4 %3 & st it o

E #Uf mEFE LPS chim4da F P %% F%7 PR TE 0.06
EU/ml 12 T e LAL Pyrogen kit iB|3# % pE#E® = LPS = 4 enifa) > BliE S % B
% eh % PERIHR S8 LPS s €414 03 EU/mg (1 EU 4p 4 *° 100 pg 7 LPS)
T o polymyxin B @ fr i p & #% LPS sdkdd] (Duff and Atkins, 1982) » S
PR AR RS BN A F iR RS Lipidd A 56 a2 B 7 e
LPS e #| polymyxin B (10 pg/ml)** % pEfEtk 5~ % ¢ *% i< PS-F2 {]j% RAW
264.7 im*e A 4 TNF-a c9& o ¥ — = & » LPS tolerance 7 % —fLa‘% 1 LPS £ =k e
Frg g Lwre ek A 2 chR % (Nomura et al., 2000) > » ,Tk{i r LPS 1%

Eviimse 5 o} P ks B 02 LPS AJZ 20 h ¥ > % = % enLPS fligh § fIE
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vEime A 4§ § enlwre e o f1* LPS tolerance izdF: > L2 LPS 2 PS-F2 {1

# RAW 264.7 'm®2 > 5 | pF{s 12 PBS ‘Jjﬁ"i'f”o.f‘zm’i’é » g 2 LPS & PS-F2 % = =X )

dcim®e o PS-F2 €47 AL RAW 264.7 im¥ ki 45§ chig i 24 TNF-a; @ LPS

tolerance »x s e77F ¢ 7 LPS % = st fljpcix 5 { 5 0 INF-a 22 (B 2-7)° &
$ 12 Dectin-1 % $8Fr4]& laminarin 7@ gJ2 > & PS-F2 enf|jgatdr4] > LPS #

Fllepz 22 X 2E (B 2-14B) - &% %‘FK”“F” A ATR Y S PR &

114 v f. LPS i 4o @ AT 4 Shis & o PS-F2 flj RAW 264.7 me &

4 TNF-a a5 = > "$ H_LPS 5 & #7342 e ¥ i {4 o

FERR PS-F2 25 BB &5 avfs 0 18- ¥ BB f2 PS-F2 {5 RAW 264.7
wie 2 4 TNF-o chis 4] > F 5% ¢ A B4F2 PS-F2 Tl f £ 2 &5 1 2 75 1 et
LBERT2 Bwre g XMIEY 2 72 F]pt > F Y 2 HFHEvillmbe P ot
PRRs %27 7 PS-F2 j& it cri 42 » 45 3 Dectin-1 (B 2-14) ~ TLR 4 ( §] 2-16) %
CR3 (H 2-17) % %4835 PS-F2 tlj RAW 2647 w®% 24 TNF-a F B -
B-glucan £ E ]~ e fo- L Siper i gL 4 > P e R LG

i

FlEm 2 £ 2 K e i 0 AR o @ Boglucan safuiig A - A AR

?

B LML R A o doH e R BB Y IR B B

¢4 2 &4 i} . TNF-0 ch’w? %% (Tsoni and Brown, 2008)  }* “t » E ¥ m?e 22 B
Flo a2 Beanie® 225 %0 S XM 4o CR3~ 4 X #{- B-glucan < ¥
%> Dectin-1 £ #8 ¢ 4% F 5 B-glucan e 2. — (Ariizumi et al., 2000; Brown

and Gordon, 2001; Brown et al., 2002) » [F ¥+ FEiu B 7% B B-glucan ¢ {15 A

AR Y b s R HECR AL X B LA R PR E R bk ¢ (Slack
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etal.,2007) -

F B¢ & w i * Dectin-l £ P feidd ~ ¢ v B-glucan X 8 ¥ 3 L
laminarin (Brown et al., 2002)% Dectin-1 % %8 F #5015 — drd & » F£22 PS-F2
¢ & d Dectin-1 £ #1¥* RAW 264.7 % 2 2 TNF-o ¢ 14 Dectin-1 ¢ fof2df -
laminarin {r piceatannol £ &J2 RAW 264.7 (w2 > #-Dectin-1 % %8 4p b §2 /2 3148
A ¥ U FEEs TNF-a e g 4 4 g Bgdrd] (B 2-14) » 2t ¢t » RAW 264.7 ‘w2 L 12
piceatannol EJd2 {8 » £ % & * #EF PRI L RS X P RO E- HF
24 PS-F2 5 d Dectin-1 % #8735 i* enF 255 /% o 4 Dectin-1 % $8F 250 5 X 1| $r
#1PF % T ERK fr NF-kB cid it 40 B8 55 (] 2-15)  4p 17615 % + 4 Parsa
F A4 hig % 5§ I Francisella th% 5 17 % X 3| Syk v ERK 732 5% (Parsa et al.,
2008) ; zymosan f|j#] BfF% e 2 4 IL-2 v IL-10 % & %538 Syk 4 ¥ ¢ ERK
B (Slack er al., 2007) » $iT 5 S zymosan 1 4 45 F vifim® & %61 ERK
BT 5 1 e calcium-mediated 3 4 BL T (Kelly ef al, 2010) ; @ CEK1 4 ¥
MAPK 322 %22 7 E fF) B-glucan chf ek s » F2 58 & dF Dectin-1 & & fw ¥ ihy%
@~ Sky ~ Raf-1 v ERK /% it 2 [-xB %% j# (Galan-Diez et al., 2010) - iz& %
5 R AR T % pERE S 18 Dectin-1 X 8|4 % m? > @ Dectin-1 X %8 pFeys b

B2 3 & d ERK 4r NF-kB 8/ @ > 22 PS-F2 e it oo s % 4a e o

Thornton % 4 » ¥ k47 a0 % FERE > 3534 CR3 X $82 B-glucan % & ehE
- Mo PR A R < % kiR Boglucan FRac &2 CR3 XM £ o @
mannan P & ;% &2 CR3 X %% & (Thornton e al., 1996) » ¥ ¢t § 4F & 45 217k %

']ﬁ_ﬁ%‘_—‘? B-glucan 5 d CR3 T% E i B g mPe V’F.Jk L ERE 'fr' NK %2 > 50 = iC3b
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A IT chpk A foi % o P2 (Thornton et al., 1996; Vetvicka et al., 1996; Xia et al., 1999;
Yan et al., 1999; Hong et al., 2003; Hong et al., 2004; Li et al., 2010a) - & 7 %
%2 PS-F2 ¢ 55d CR3 M E i (K 2-17) > #r7 £ mannan #r|H
% (Bl 2-14) #giu » 3aR] PS-F2 0 B-glucan S 4E+ it &2 RAW 264.7 'm® } eh

CR3 £ 4% & > &a {ljcm 4 4 TNF-o

C B mie ot R me P BB T ?’J%Fﬂfifll%'fiff%i P mie 4w
1% pERE > & IR lipoglycan #uf 2 4 w2 %% (Stahl and Ezekowitz, 1998) » 4 4
Fru b g ® % n g % BEE# 0 mannan i PR R 0+ % & B4 (Preumocystis
carinii) B-*g P E vim?e > fr 7 F2 8 TNF-o ch A& 24 5 e § 202 B-glucan edZ pF o
x,ért TR BRSO B SRT B b o » & ] TNF-a 0§ diipl
% f o B-glucan = A4 B4 B B Aag 4 (Hoffman er al., 1993) o @ 4 & #E8e &
PS-F2 e & H 42 (4% 2-1) > mannan ¥ it §_PS-F2 ¢ & # 2% > fry A% E'J‘J,’J?
4r mannan @ 533 B 1% RAW 264.7 w2 s 4 (B 2-14) > 48P mannan # §_
PS-F2 §1i RAW 264.7 w¥e cE (42 24 - Zymosan A% 7 PB-glucan {- mannan £
374> > Brown < ¥ %% CR3 A Eem®e i £ v g A » a7 24 BBS A

(Brown et al.,2002) > 2282 * 3 chE Rl o

fmie I R ST LB R mre Ap e A 4 F ik 0 MAPKs 23 B
2P RERDREL — PP BRAFRER TR LR DL o

MPAKs 7 = i%3 4 @ 52 c > & W 8 ERK1/ERK2 ~ JNK {r p38 MAPK - iz =

FREGE XA R B R OE S o SRR NFUF RPR e AR

(Turjanski et al., 2007) e MAPKs §& /5 e/ - 35 - 1@ ¢ gppa i it % > MAPKs
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£ tyrosine {v threonine residues % ¥| + #57 MAP kinase #f& (* @ 75 (v > & F E 1

T P ]S > 4o NF-kB 4r AP-1 B 15 % JAp B ¢p £ 3¢ (Ninomiya-Tsuji
etal.,1999) d Bk it A2 B ¥ M A ETE T enfiA) o @ NF-kB #4 %]+ &L £ 3B
e L F s PR E R & d > NF-kB B /L% 1 8427 15 3] [-«B shgific
0 F4RF 1B i pOS/pS0 dk @ Ak i FEAREfR - 5 p6S/pSO e e
NF-kB ¢ #& =3 fmrz f% > EE w0 3 AP M A Flerndddse o F % P ,T*LJ‘! oG

% # Bl RAW 264.7 ‘2 &£ PS-F2 J2pF » %2 b MAPKSs B it = NF-«kB % 4%
P A, Kk 4 2 PS-F2 75 1t RAW 264.7 ‘% cen 5, (b 8k = o % % 4 12 PS-F2
a2 RAW 264.7 % » = i MAPKs 3t 4 i # 5 5 ERK ~ INK fr p38 5% ¥ ¥
Perghpe I g (B 2-12A) 5 gtk o dmre Y kB eATR S o A kPR AP
P 51 NF-kB & % 5 4c (B 2-13A )0 B8 7 [-kB ALB5HE 1 42 548 Fov o s 28 2

Fe P NF-xB # i+ 3] f'm 2 % p B 4% . TNF-a °

hE &% %5 ¥ bl NF-kB v MAPKs # 32 F & — M andb e 4] 3
1 'm¥e > 3531 % PS-F2 A2 RAW 264.7 ‘m%z & % TNF-a #_F % | §. %8 B 2-12C
{8 2-13C 4~ B &7 & & f& ERKSJNK-p38 % NF-kB j f5 4] 3| &2 15 > PS-F2
Tl% RAW 264.7 m?e & 4 e TNF-o P 3 e & — Mandrd | & frdrd] 5 ¥ 12 Jev
fis B8 crdr 4 & MG132 &k $rd)] [-kB 6% f2pF > B &3 4] NF-kB a5 (Y 229545 = »
MG132 » P &g #r4] 7 RAW 264.7 sm?% A& 4 TNF-a (B 2-13C ) s5& 1 F &% 4
3 ERK ~ JNK fr p38 § i< f? B ppe i ~ I-«B "# f227 NF-xB 5 # = » & PS-F2
£* RAW 264.7 fm?2 & 4 TNF-o #21 § & 3§ /¢ £ 5 d MAPKs v NF-xB /%

oA mEkE At B3 £ & 04 ¢ o Chan ¥4 3 % peptidoglycan §
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%18 NF-kB 2 p38 & it f13c F i in® 4 I COX-2 (Chen ef al., 2009) ; f & %

Y

(Myristica fragrans) % P~ % FE48 macelignan | 2% 0% (microglia) ¢ i
NF-kB 2 MAPKs e j& #r41] LPS 314205 LI % (Ma et al., 2009) ; B>t
AEME R ¢ § § 3k (Staphylococcus aureus ) » B ‘¥z k& peptidoglycan ~
¢ 11 RAW 264.7 m¥e & 2 1L-6 iz 428 1% 3§ PKC~p38~p65 #ifs i* v NF-«B
% 14 (Chen et al., 2006) - fi* 7w k=¥ 7% BERE zymosan B i% i p38 MAPK
o NF-xB 9% it &2 4 IL-8 (Friedland et al., 2001; Young et al., 2001) > 3¢ ERK
MAPK 3% % & # IL-10 (Dillon et al., 2006; Kelly et al., 2010) « %54 % e 5 pEAY

< AR € 5d MAPK{oNF-xBeiE v & 4 & ffw% k% (Hsu et al., 2004; Kuo

et al.,2006; Chan et al., 2007) o

S& 1} &% PS-F2 4 &4 Dectin-1~ TLR4 4v CR3 £ 4 % PRRs fi

AN —_—

A

RAW 264.7 m?z » (5 d MAPKs v NF-xB 30 & @342 /2 & 4 w2 ek o> b PFs
€ 11 RAW 264.7 ¥ & 2 NO ~ 852 RAW 264.7 %2 3 2 ~ 3 5 RAW 264.7
wie ihE AR TR e S R E LA & E M o PS-F2 Akl ot ihimre

BosV Ao i Y R kS @ R by € AW LR e e B o 48R PS-F2 AR

Bits B3RP FLNLEATNG B CAIBAREF RO ERFILLIREL
FHMELARORF P EL C FREIFTHN IHHAFMFLARS K

£ 3 iR 2 # 2 (Wasser, 2002; Sanodiya et al., 2009) » F]* & T — F #4534

PS-F2 f | BURE N E_F a5 1Y LB % 3030 PS-F2 iRy 2 sk &2 H iv % 5410
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(Zjawiony, 2004; Masuda et al., 2009) > & § 3> % 5° % pE cndord By in (e 2 2 iF

“~

<

AR LB R o S RS R BT PS-F2 fin vito %Y B3 R
LA & BT PSF2 AN A R LA R S B R Ak o JR]E
AL RS B BT AR F R B F LR
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35 F P % % 80 % (Wolchok and Saenger, 2008) - *8; fm#e F] 5 §.d & ¥ ‘w

gt BA A~ LR d R R (immunogenic) £ o H FR

—_
C

FRYme DL RS A RIS E AR G AL FRAERRE T L

lj,}éiéé é’ug{\,;‘ L‘Eﬁlﬁ /E £ I{‘? lL ) F )g,?q&mp

e
s
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[
Y
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=
(\.ﬁe
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i
&
SH

F 0 R E ks a8 (Leachetal, 1996) - — 4km = 5 2 RPN YR FUR A%
FIG R G prs §ERH L F o io? R4 ¥ L2 49 b % 1 PRRs cypat

PRRs & _‘w?z % 5 } Lﬁiﬂmiﬁ&\i , aﬁ%’;] P\_:,ﬁj‘gmg?;}%;r% , HL'FJYF:’ﬁ éf-lE
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FEELOLAEFRT o AR ] €41 %P @ 4 (Chen et al., 1994) -

AP F AR g G T AL PRS CRAML NG R
LERBHE AP ERA B ML AERE T o dofl i RS  ER
FARAE LA KT S LA AFES W Hokm R AR M A S i i
» 3 F B 3 & # 5t (Wasser and Weis, 1999) o @ & 3 pER & & it 42 i &
PR TR i r ARG 2P F RRARPLLEY LB R T RS
BF et gt > S AGED FURic R B MR F g o Fla VR R
Bperyaf vk o 4 & p 3g#g c PSK -~ lentinan fr krestin % pER G5 4 4 F 12 AR
Ao P A GRFEY ATRE SRR IR 0 B E ISR P F ok sm
iof o &R F R mE{opA B % ddsdnd (Akagi and Baba, 2010; Chihara ef al,

1970; Masuda et al., 2009; Tanaka et al., 2010)

kR RN S S PSF2 ) M ALE R ML R AL

RS

WA AT B R R A BLE LA R SRR R 0
R EBEES o YRt PS-F2 3G B8R e ] B 0 2R PSF2 Ak
2 %8 (allogeneic) % F #& (syngeneic) /|- BUME B Hio5S cndudiig s 1 o e P2 47

B BRI I PS-F2 H) BRI AR & a2

o

PR 2B ELE By R o BN T I BRI AAD EH ke

R A P R RS AR YRR SR 2 B R o
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SR

1. At~ etk 2 f 5

Sarcoma 180 (S180) -~ C26 F %; %m*2 22 B16 melanoma (B16) 2 ¢ % 7 'wme
th 2 S180 (CCRC 60337) d #T+ @ 1 ¥ HFBEFA T A F FThAFEFEFAT P
PEIE 2 S180 2 BI16 " m*e k3t %3t 7 10 % FBS 22 DMEM *® ; C26 ‘m¥ k2
%2 RPMIIO ¥ » 32 %303 5% C0,2 37°C % 45 ©

& * ¢ C57TBL/6 v BALB/c /| &G>T & % o CSTBL/6 | R4 {8 p
CS7BL/10J cd 8% 2 4% 18 7 db 15 15 MIRH # 4 fi ervdgy > 2 8 18 5 % 4p
fo CSTBL/6) B & &+ 7% ifi i f it 5 4 77 7 - BALB/c /] &% * DMBA # #

# g R & e

AFRABLAF BT
4 & C57BL/6 v BALB/c -] & PBS & 5 %% 7~ 5 pE48 PS-F2 (50 mg/kg) >
FHROTREMER &S - B & R BEFEEL R A I BB
Lol Y IgM 2 IgGafliz 7 & » ¥t mie RA 1795 T-B #

o sp g NK fm% 2 1 6 5 B 810 o

34 e 2 3R
R % LT L SRS | BLA BEA 2% 5 24 ] i A 1t PBS 2 5
%:;*?ﬁg:,géﬁ PS F2 (50mg/kg> —gE‘_f—y?éﬁi‘\cﬂiﬂwliﬁ/‘]”Aﬁ%é&a /'—T'&/‘]"- :" ’

FHRPTRPEMELR 2 05 SR IR AU Fo i E S A o e
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g A AR T ATE o F N e kA TSR T Bk T R NK dave 20t B

WL ) E AN A L (REE D) X (BEE D)2

4. 5 A2 Bl R

PR R R R S N B A BB R0 B 80 °C &
& 17 e w14 ELISA j2 i (7 4248 7 £ 4 17 (Bethyl Laboratories, Inc., Montgomery,
TX. E90-101 §= E90-131) -

96 3 ELISA T & # @ 4r » 100 pl capture antibody ¥ ** % ;& © 1 he 12 wash
buffer ;7%= = » 4r » 200 pl/well blocking solution » % g & &£ -] fF » £ 17 wash
buffer jjiew =x > e » i § #fF 2 FiRla 2 2% 7% (0-2000 pg/ml ) 100 pl -
WERTFE K- L 0 14 wash buffer riEw oo FF 4~ 100 pl detection
antibody > ¥ £ T f¥% 2 ] (s » 11 wash buffer jj-i2w =t » 4c » HRP conjugated
affinity affinity purified antibidy 100 pl » % € €% 30 & 4815 > & {5 4 » TMB A5
R E o0 R MR ARG BIAE 650 nm Rk B 0 B SRk B M

B > RFLGF FMAER -

5. e ) %

R FE TR NEE ) KNS LS ES 7 RPMIIOZ 6 cm T 0 1
R R R B e RE R BT 1S ml s R S min o
By b K dmre e o 1 300 xg Bt 5 min 0 BTt o2 2 1 ml ACK buffer 2 “,/TT i

w Ik o 4 r 5mlIRPMINO # ok F & > & 8 £ 12 PBS ‘;‘;—‘236 v B fs 1 i £ RPMINO

R Emsmie o PSR T me R R o
L
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6. K ImE HFH A5

H B e A W] B2z 2. CD3 ~ CD4 ~ CD8 ~ CDI19 2 CD49b 4l :e 7
Ad o> TR N e R R AAT L e R E 2L BRI A .

B mre (1 X 10° cells) # 12 rat anti-CD16/32 mAb (clone 2.4G2, BD
Pharmingen) &J2 30 ~ 45 # ¥ £ 11 & fa3ut8 (FITC anti-CD3, PE anti-CD4, APC
anti-CDS8, PE anti-CD19 % PE anti-CD49b, eBioscience ) ** 4°C %4 ¢ 30 4 45 > 1!
PBS jji{é » # & 2 FACSCano II Flow Cytometer (BD Biosciences)i& {7 ip] T~ i¢

* FlowlJo software ( Tree Star, Inc) 4 47 #icy ©

7.NK jme 3 BE M2 R 2

1o m e (target cell, YAC-1 )& d +REE | % (7 % 3 #T#& 33 % >t RPMIL0
BEA M wmre s 7% wre (effectors cell ) » YAC-1 # i fie fmre o #-1%%
e gL Ee e 13 fe st ) (100:1 ~ 50:1 ~25:1) SR & F i 0 % 37 °C 2 % 24
] PES s NK w3 YAC-1 ehim#e & 442 MTT ;2 & LIVE/DEAD® Cell-Mediated

Cytotoxicity Kit (L7010, Molecular Probes, Eugene, USA ) ip| z_-

8. MTT ;% £ ¥5 fm % 13 75

HBHT%Qﬁm%é%ﬁigaéﬁﬁm%ﬁﬁﬁﬁ%hﬂTﬂﬁ
tetrazolium Jk = 7> 7 = £ ¢ 2_ formazan i* & ¥ > 4 ﬁ T S e ﬁ % (Yuan
et al.,2006) ° > 96 3L 4 32 & wPe 4c » 10 Wl MTT % (S5mg/ml)> £ 2% 3 /| B
B P igR & ik o 4o 100 pl DMSO #-7% % ¢ formazan % & >
B2 570 nm 2_ vk iE o
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NK ‘m%e F BE M5 2N 4T
NK %2 3 #.7% 14(%) = [OD1-(ODs-ODE)/(OD1)]x100% °

Pl u] L i imre T %6 2 S % (% e E o

9. tmie H HF HEHLH

1245 Cell-Mediated Cytotoxicity Kit i& * = ;& » #-4&¥e 0% YAC-1 (1 x 10°
cells/ml ) £ 7% 4c 4 u/ml DIOC18 % i » ** 37 °C 3 & 20 4~ 4 > ™ PBS jjrik=
T {8 EA PBS FH o B-1TH e 4o w2 10 A ot ) (100:1 ~ 50:1 ~ 25:1)
RETTR 37°C & 24 /) o o 7 mre 35w 30 A f_T v propidium iodide( PI)
T mie > B e N R AT e

L H Pl % T DIOCI8 trfhie mre 3 (T) > £ 11 Pl i 2| ¥rikie 'miz 3

/!

m¥e ch g > B 5 e (DIOCI8 PI' s Td) % &2 (DiOCIS" PI') § ik

Bt

NK m*s 3 #5& 1 % Td = (Td/T) x 100 %

10. % & smPe & it

#- C57BL/6 | BUAL ™ #48 B16 "6 oz (1x10° cells/mice) » 24 -] P& 14 12
PS-F2 (50 mg/kg) "AEddfid® » &4 % - =t &% 6 % 2 % 12 % Fy | 8B

o & fA 4 & dmre el it §02 EasySep®iw e it £ e (StemCell Technologies,
Canada) &7 o 4p/4 * £ 2 fk (¥ = p CD4 (Cat 18752) ~ CD8 (Cat 18753 ) v
CD49b (Cat 18745) fm¥e A W% it p /] EUSHKmve o

W mse 34 B 5 5x107 cells/ml *+ 12x75 mm 34 » % & 476 2 ml > gt

k2 8l cocktail # 4 °C i¥% 15min - jFikis RiF>T3 & 4 (2-8x10 cells/ml)
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4v > 100 pl anti-biotin tetrameric antibody complexes/mL » “v &~ 8 & {5 » 4°C T i¥
* 15 min > e~ EzR 0 4°C T IFH 1S min o BgEE BV AEFE 10 min 0 ik

3-5 0 RN e R A FTREEL o

11. adoptive transfer
AR 6 22 % 12 X ki CSTBL/6 /| RN AL B % CD4 T e
(1.2x107 cells/mice )~CD8 T ¥ (7.5x10° cells/mice )= CD49b NK % ( 1.6x10°
cells/mice ) 14 # #% 1. 5478 _C57BL/6 | Bl = i3 » » ¥ — 9% 3 &f ] Bl 5 (200
pl/mice) > #4122 AdfiEimmee S F > & 25 &) 8524 ) I ] B+ 18

2R T3 b B16 g mre (1x10° cells/mice ) » & & X fodkrhm 4 £ A o

12. SCID mice 2_ $7%6 8 5%

SCID (severe combined immune deficiency ) mice € £ 4# 2 T o B # = ‘m
g HE LR ] R REER o FREARES Y 0 M 2B
% 5+ 4 &5 1 SPF (specific pathogen free) #: 4 &

#-B16 " mre (1x10° cells/mice) A T ;1 %43t SCID mice » 24h 2_ {4 B 4

#Laeit bt PS-F2 (50 mg/kg ) > & & % #Lukit ot PS-F2 — = » 9 i B & A +

13. 3232 ¥

R ERLCREAF = K F A RILIZ LA 0 F RS T 0
A (SD) %71 ;@ ad i F Sl T 2@ R %L (SE) £0 0 T
Mt Student'sttest B T2 F R EF LI B 2o F p<0.05:HEFLER o
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L s AR T SmMHFp il 28R BLEFR

d 5 R RF T SN T SMHPSF2E G AAD SRR 50 -
HiERE PS-F2 W HFHPZ AANEH N E HALADSEPZ PR AiE%k N
PS-F2 4 & C57BL/6 f= BALB/c /| Bl (74734 £ F 51422 23 B L F o
Sl RAEA X FasS S0mg/kgPS-F20 #8- B 7 S B> F%Y T Lk
WERL > A7 EALRF Btk -

12 PS-F2 4 & CS7BL/6 4r BALB/c | &8 B> %14 /| ReM £t ¥ A
TH A BES k) K97 ¢ F i &S PSF2 A HMER S AR AT E (B
3-1) LR T gL R FEEARS PS-F24 ) Rend £27F 72 LR L p &g
Ela o

45 CSTBL/6 -] R4 im e 2 hm iz % ¥ G| % v » 3§ 4 PS-F2 2| B H
4 PBS #rd]e2 %ug? T dwme (CD3) %3t bld 31.91 £0.93 %3 e ] 34.58 +
1.13 % (B 3-2A) 5 2 ¢ CD4 %+t pd 17.61 + 1.10 %3 4c F] 20.90 + 1.31 % >
CD8 'zt t]d 8.20 + 0.57 %3} 4c 3] 9.10 = 0.64 % > ‘m# v & 'F § 4 (B
3-2B) - NK im#2 (CD49b) 2t 5|7 d 7.96 = 0.72 %3 4 3] 9.70 + 1.04 % (F
3-3A) 0 ¥ me d HUEM Y F K 4c(B] 3-3B) 0 e rirdlle oA EE LR o
B2 7% 4 4k PS-F2 2 | B#-%7 B wm#e (CDI19) *#¢ 6] 51.01 + 0.82 %™ % 1
48.62+1.25 % (B 3-2A) » & st iF 7 IgM 2 IgG #Ml ik B 3 35T B F H 4o 2
#45 (B 3-6) > 4Rl PS-F2 ¢ /&1 B iw* & 4 $fll > 5% &7 # 4k PS-F2 ¢ 5142

C57BL/6 /| 2L B 42 ¢ % F Jis > % BALB/c /]| 17 € o
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Figure 3-1. Effect of oral administration of PS-F2 on the body weight in C57BL/6
(n=5) (A) and BALB/c (n=7) (B) mice.

The data are the means + SE for each group (n=5-7).
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Figure 3-2. Effect of oral administration of PS-F2 on the T cells and B cells (A)
and CD4 and CDS8 T cells (B) populations in C57BL/6 spleens.

The date are the means =+ SE for each group (n =5).
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Figure 3-3. Effect of oral administration of PS-F2 on the CD49b population (A)
and NK cell activities (B) in C57BL/6 mice.

NK cell activities were assessed by measuring the killed of the target YAC-1 cells

mediated by splenocytes. The data are the means + SE for each group (n = 5).
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Figure 3-4. Effect of oral administration of PS-F2 on the T cells and B cells (A)

and CD4 and CDS8 T cells (B) populations in BALB/c spleens.

The data were expressed as mean = SE (n=7).
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Figure 3-5. Effect of oral administration of PS-F2 on the CD49b population (A)
and NK cell activities (B) in BALB/c mice.

NK cell activities were assessed by measuring the killed of the target YAC-1 cells

mediated by splenocytes. The data are the means + SE for each group (n=7).
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Figure 3-6. Effect of oral administration of PS-F2 on the serum antibody levels in
CS57BL/6 (n=5)(A) and BALB/c (n=7) mice(B).

The data are the means + SE for each group (n=5-7). *P<0.05 compared to the control

group.
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7 & 17 3 4 PS-F2 ch BALB/c /| B%-%m% » T fm% o B fm* % H 1L ) ¢
it e (B 3-4A) 0 T Mo ¢ oh CD4 iz CD8 ‘w2 % 2 B8 (R
3-4B)°NK ‘m#s 1t (] 3-5A)~ w0 #% & #iE 44(F] 3-5B) 2 o iF # IgM ik & (] 3-6B)

» A E Ak PS-F2 @ 3 o

RN

e PR EF M &S PS-F2 & CSTBL/6 /) BlF #ig crzbd R 8 &

B A ¥ BALB/c | RilF PAEZ 2HBMHLEF G -

2. SN T 5 BERFLSISO0 M2 B

P VRED CEE T IR AR T FEAT R G FRRL kg AR
FALH TR PR 2 B4 05 0 & BALB/c o) LA T 448 S180 Mh R e 5 3 F
fo PS-F2 $5i75 2 £ 2 F2 58 » W AR d 030 B30 e 2 £ 4R & 5t (Nonaka er al,
2006)

% BALB/c ] BLA T 48 S180 " /m*e 24 ] PF{s > B e % — MLt bt
PS-F2 (50 mg/kg) > # & X #Lixid s PS-F2 - = » HFF =% > %Y T Lt &

R R EA L E ) R 3 SRR B A RS R

PR E MRS e F‘«;F—‘é‘ s T FTHERE T dmre 2 B e EE B2 o Bl
XA PS-F2 $30 ) BB E 1V & ipiless PBS éhd £ 4pig > ¥ K2 £ &

BERE (B 3-7TA); & 48 S180 i m™e (4 % - = X » i1 84 PS-F2 ©
BEFEmA £ 2 2ck (B 3-7B)y % -4 24k BpF B E 2308 o
FE S ] R PBS &0 %3 | B PS-F2 & F4~4] S180 2 # £ (p=0.006) » #
Frd| F i 67.5% (B 3-8) & ¥ ¢+ & = fh= L S180 gz ¥ » 43 | B PS-F2

4] S180 4 £ » £ 3] 73.2% (p=0.014) §r 86.7 % (p=0.02) > &5 PS-F2 ¢
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% 3-7. PS-F2 ¥ S180 2. Fuihi iz sx %

Figure 3-7. Antitumor effect of PS-F2 in S180 tumor-bearing mice. The body
weight (A) and tumor size (B and C) were monitored after inoculation.

S180 (2x10° cells) was subcutaneously implanted into BALB/c mice. PS-F2
(50mg/kg) was i.p. administered to mice (n=10) for 3 weeks starting from 24 h before
inoculation (A and B). PS-F2 (50mg/kg), cEPS40 (40 mg/kg) and cEPS80 (80 mg/kg)
were oral administered to mice (n=4) for 3 weeks starting from 24 h before
inoculation (C).Control mice were treated with equal amounts of PBS alone on the

same schedule. Data are the means + SE. *P<0.05 compared to the control group.
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Figure 3-8. Anti-tumor effects of PS-F2 in S180 tumor-bearing mice. The change
of tumor weights (A) were determined after scarified. (B) is tumor picture after
cut off.

S180 (2x10° cells) was subcutaneously implanted into BALB/c mice. PS-F2
(50mg/kg) was i.p. administered to mice for 3 weeks starting from 24 h before
inoculation. Control mice were treated with equal amounts of PBS alone on the same
schedule. Data are the means + SE (n=10). *P<0.05 compared to the control group.
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Figure 3-9. Effect of PS-F2 on spleen weights in S180 tumor-bearing mice.

The spleen weights were determined after scarified. Data are the means + SE (n=10).
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Figure 3-10. Effect of PS-F2 on the populations of T and B cells (A) and CD4 and
CDS8 T cells (B) in splenocytes of S180-bearing mice.

The date are the means + SE for each group (n = 10).
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Figure 3-11. Effect of PS-F2 on the CD49b population (A) and NK cells activities
(B) in S180 tumor-bearing mice.
Cytotoxicity of NK cells were assessed by measuring the lysis of the target

YAC-1cells mediated by splenocytes from tumor implanted mice. Data are the means

+ SE (n=10).
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Figure 3-12. Effect of PS-F2 on serum IgM and IgG in S180 tumor-bearing mice.

The antibody levels were determined by ELISA. Data are the means = SE (n=10).

*#P<0.01 compared to the PBS group.
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Figure 3-13. Antitumor effect of PS-F2 in B16 tumor-bearing mice. The body
weight (A) and tumor size(B) were monitored.

B16 (1x10° cells) was subcutaneously implanted into C57BL/6 mice. PS-F2
(50mg/kg) was i.p. administered to mice for 3 weeks starting from 24 h before
inoculation. Control mice were treated with equal amounts of PBS alone on the same

schedule. Data are the means = SE (n=10). *P<0.05; **P<0.01 compared to the PBS

group.
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Figure 3-14. Anti-tumor effects of PS-F2 in B16 tumor-bearing mice. The change
of tumor weight(A) was determined on day 21. (B) is tumor picture after cut off.

B16 (1x10° cells) was subcutaneously implanted into C57BL/6 mice. PS-F2
(50mg/kg) was i.p. administered to mice for 3 weeks starting from 24 h before
inoculation. Control mice were treated with equal amounts of PBS alone on the same

schedule. Data are the means + SE (n=10). *P<0.05 compared to the control group.
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Figure 3-15. Effect of PS-F2 on spleen weights in B16 tumor-bearing mice.

Data are the means + SE (n=10).
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Figure 3-16. Effect of PS-F2 on the populations of T and B cells (A) and CD4 and
CDS8 T cells (B) in splenocytes of B16 melanoma-bearing mice.

The date are the means + SE for each group (n = 10). *P<0.05 compared to the PBS

group.
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Figure 3-17. Effect of PS-F2 on the CD49b population (A) and NK cells activities

(B) in B16 tumor-bearing mice.

Cytotoxicity of NK cells were assessed by measuring the lysis of the target

YAC-1cells mediated by splenocytes from tumor implanted mice. Data are the means

+ SE (n=10).
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Figure 3-18. Effect of PS-F2 on serum IgM and IgG in B16 tumor-bearing mice.

The antibody levels were determined by ELISA. Data are the means £ SE (n=10).

**%P<0.01 compared to the PBS group.
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Figure 3-19. Antitumor effect of PS-F2 in C26 tumor-bearing mice. The body
weight (A) and tumor size (B) were monitored.

C26 (1x10° cells) was subcutaneously implanted into BALB/c mice. PS-F2 (50mg/kg)
was 1.p. administered to mice for 3 weeks starting from 24 h before inoculation.
Control mice were treated with equal amounts of PBS alone on the same schedule.

Data are the means + SE (n=10). *P<0.05; **P<0.01 compared to the PBS group.
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Figure 3-20. Anti-tumor effects of PS-F2 in C26 tumor-bearing mice. The change
of tumor weight (A) was determined on day24. (B) is tumor picture after cut off.
C26 (1x10° cells) was subcutaneously implanted into BALB/c mice. PS-F2 (50mg/kg)
was 1.p. administered to mice for 3 weeks starting from 24 h before inoculation.
Control mice were treated with equal amounts of PBS alone on the same schedule.

Data are the means + SE (n=10). *P<0.05 compared to the control group.
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Figure 3-21. Effect of PS-F2 on spleen weights in C26 tumor-bearing mice.

Data are the means + SE (n=10). *P<0.05 compared to the control group.
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Figure 3-22. Effect of PS-F2 on the populations of T and B cells (A) and CD4 and
CDS8 T cells (B) in splenocytes of C26-bearing mice.

The date are the means + SE for each group (n = 10).
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Figure 3-23. Effect of PS-F2 on NK cells activities in C26 tumor-bearing mice.
Cytotoxicity of NK cells were assessed by measuring the lysis of the target

YAC-Icells mediated by splenocytes. Data are the means = SE (n = 10).
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Figure 3-24. Effect of PS-F2 on serum IgM level in C26 tumor-bearing mice.

Data are the means + SE (n = 10). **P<0.01 compared to the PBS group.
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Figure 3-25. Effect of PS-F2 on CD44™e expression in C26 tumor-bearing mice.
Expression profiles of CD44 activation marker (A) and MFI of CD44Mieh (B) in
C26 tumor-bearing mice.
Data are the means + SE (n = 10). *P<0.05 compared to the PBS group..
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Figure 3-26. Effect of PS-F2 on CD62LMe" expression in C26 tumor-bearing mice.
Expression profiles of CD62L activation marker (A) and MFI of CD62LMe" B)
in C26 tumor-bearing mice.

Data are the means + SE (n = 10). *P<0.05 compared to the PBS group.

145



3-26B) 7 B F MM A 0 L AR CD4 ofe 5 AR E T o & CD8 m¥e 3R 1> » B2 AR
PS-F2 &2 i1] B CD44 §= CD62L ~ ‘F’Vﬁ e L EEAS e {%”3 L3 EIREFE
2 > 48] PS-F2 %+ CDA4 T Mo enaf| s it 2% v CD8 T fmPz 45 o
Treg 'w? § - H ¢ Frfl LA F R0 T w2 ¥ > JE B 3-27 37 naive & "8
B A5 AE ] Bt bt Gl 5 %1 0 38R PS-F2 endirdiy i m g prd B B s eh

Treg 'm®s X3 40 B o

& 1B WAL PS-F2 %48 E 1) B A & Sudrqiig 4 & o 4 B CD4
CD8 ~ CD49b % -] K u 7 + 32 {7 adoptive transfer £z 2 VRt 45 w2 27 £ & en
§ o R MRS ] BV 8 PS-F2 0 B3k PS-F2 it &2 A B e ¥R
FR g o #-PS-F2 id® 6 % fr 12 % N o o ¥e 9% 1 51 7] /| B L% adoptive
transfer 7 I & % ‘w2 a4 £ hf B o 4% 0 X adoptive transfer £ % ‘wm¥ >
Z 3 % PR | FHZ o B 3-28 £ B16 MR e cnd £ A5 5 PS-F2 Ao
T 6 X hd e B AL BT P AR dm e e ot i (] 3-28A) 0 #27% i1 bt
CD4 fr CD8 @ s w #f (5-9 = ) 3 & F cnfedscsk 5 3|7 (548 » /L5 CDS /)
R el 3 X DlPrdla B4 et o 5 s CD4 /) BaFE S5 Frfid
B A £k (P=0.016) ¥ * Ad st ] 84 R E § g gk
(P=0.031) 477 CD4 fru i@ e | Hyrd /a2 L FRE ki d o

PS-F2 A2 12 % ehf o e 82 A2 63 o L& Jw e engp 4] e v i ps (1)
3-28B ) 4% %% i1 b CD4 fm*s ~ NK ‘m# fru iF e ] Bl 3 Bpr g oc % - B~
CD4 o i@ eyl s ] BFrd|g 2 B A RE & e d » HRJl 6 % chi
Bt % (B3-28A)4pf o gt b EPF PS-F2 endL 4] Bls 357 3 o ek o

NK ‘wm¥e e s+ % RE  fsiscs (B 3-28B)

146



Naive PBS PS-F2

"’4_5 169 4.é_§4 173

1[]3
Q
E 1[]2
<t
(a]
o
| 1ﬂn ™ T T T

10 10 10 10 1[]1‘E|[:I 10 10 10 10 10 10 10
= Foxp3 PE-Cy5
(B) 6
@ Naive B PBS O PS-F2
5 |

AN
T

\S]
T

Percentage (%)
W

Treg

® 3-27. PS-F2 446 C26 | & Treg fw*e b (]2 3

Figure 3-27. Effect of PS-F2 on Treg subset in C26 tumor-bearing mice.

Expression profiles of Treg (CD4"/Foxp3™) subset (A) and Treg levels on T cells

(B) in C26 tumor-bearing mice.

Data are the means + SE (n = 10). *P<0.05 compared to the PBS group.
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Figure 3-28. Effect on B16 tumor growth with adoptive transfer immune cells
from PS-F2-treated mice.

Mice were injected i.p. with 50 mg/kg PS-F2 once every two days and sacrified on
day 6 (A) and 12 (B). On day 0, B16 cells (1x10°) were injected s.c. onto the right
flank of naive C57BL/6 mice. One day later, mice received CD4, CD8, CD49b cells
and serum from spleen. Mice that received tumor challenge but without any cell
transfer served as control group. Tumor growth pattern in mice with or without
adoptive transfer is shown. Data are the means + SE (n = 3-5). *P<(.05, **P<0.01
compared to the control group.
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Figure 3-29. Effect on mice survival rate with adoptive transfer immune cells
from PS-F2-treated mice.

Mice were injected i.p. with 50 mg/kg PS-F2 once every two days and sacrified on
day 6. On day 0, B16 cells (1x10°) were injected s.c. onto the right flank of naive
C57BL/6 mice. One day later, mice received CD4, CD8, CD49b cells from spleen and
serum antibodies by i.v. Mice that received tumor challenge but without any cell

transfer served as control group.
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Figure 3-30. Antitumor effect of PS-F2 in B16 tumor xenografted SCID mice.
B16 (5x10° cells) was subcutaneously implanted into SCID mice. PS-F2 (50mg/kg)
was 1.p. administered to mice for 3 weeks starting from 24 h before inoculation.

Control mice were treated with equal amounts of PBS alone on the same schedule.

Data are the means + SE (n=5). P=0.322 compared to the PBS group.
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Figure 3-31. Ligation of OX40 in tumour-bearing mice enhances antitumour

immunity, leading to therapeutic effects (Sugamura et al., 2004).

158



AYrenE i T4 0 CD3 T iwte o CD4 v et 5 ¢ BEE 7% > @ CD8 fm
et % g 4 b A eniEA) s i@ CDA/CDS ehii ¢ T % > 0 2 M T e i
iEr i@ @ 1B e A 3 PR e (T 4R35 T dmie cft L e
%% EF 3 42M 92 § 4 (Chen ef al., 2008; Li e al., 2010b) - CD4/CDS8 i+ & 3=
R ane g end B 43R — F A PRI H A PSF2 [ BLE = 8RR e 05 2
CD4/CD8 E & it pr (£ 3-1)> & & =387 F I PS-F2 AJZis » T b ¢ ¢h
CDA4/CD8 & 4% 4 2 % » B PS-F2 & T iw%% A #f 24 B % A 4 ikl in
S0 iEE 3 CDAfr B imte ints A AR F 0 28 bk F R P A F B 4

FAREE R AR 4 o

Welt % 4 8 35 170 % fadl e it 20 QR me & & chilf X8 % MR 5%
Fe i 2 4o (Welt et al., 1994) o 1% 65 me & — |4 gl %ﬁr’ LRy & 4F
M kP2 4 = F L (F * (antibody-dependent cell-mediated cytotoxicity, ADCC )zt d
BILEH {oB i (T % K PR ' 7? (Carter, 2001; Marasco and Sui, 2007) o %
PS-F2 @ cr®di | BB » IR ) Kok F¢ IgM § & % 734 4c > A n PS-F2
io Pl it R | B CD4 nve » 2 F A 2 wie kit it B (Bl 14). 5
PEREH 28 fm e LB K F s F AT Jﬁ" r Con A o 73t 5 pERE M = e 3
4 2 5 (Masuda et al., 2009)% 4p Bf m¥e ik & 4 152 (Nonaka et al., 2006;
Yuan et al., 2006; Yang et al., 2007; Masuda et al., 2009) o #7435 pEd8 F3 cr%= 3
IR F3 o flip] BV mie i 4 ¥ ¥ & 4 ‘w2 rZ (Wang et al., 2002) ; ¥ ¢t
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% 3-1.PS-F2 %] & CD4/CD8 * & 2§ %

Table 3-1. Effect of PS-F2 on the ratio of CD4/CD8 subsets in PS-F2-treated-

C57BL/6 mice and tumor-bearing mice.

Treatment Batch CD4/CDS ratio
- P value
group No. Mice PBS PS-F2
number
Oral I 5 2.16+0.08 2.34+0.22 0.465
administration 11 5 1.95+0.09 2.12+0.05 0.095
I 4 2.88+0.17 3.42+0.12% 0.019
S180 tumor 11 8 2.5340.11 2.68+0.08 0.319
11 10 2.95+0.13 3.49+0.15* 0.012
I 4 1.35+0.16 1.54+0.07 0.079
B16 tumor 11 8 1.13+0.20 1.37+0.23 0.057
I 6 1.02+£0.05 1.64£0.10%* 0.0007
€26 tumor I 1 2.65 3.54 -
11 10 2.63+0.06 2.65+0.09 0.897

Results are expressed as mean + SE (n=5-10).
Significance was determined using the Student’s #-test. *(p<0.05) and **(p<0.01)
indicated a significant difference vs. PBS control.

160



Pl B imie s i~ B4 foA i 0 £ in% & 6 4R34 CD71 4 CD25 » 8 4c 42 3%
3-¢ chs ju(Zhang ef al., 2002b) » »F S 24 ¥ 417 PS-F2 8 ¢ fl e | &
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e 5F AL RGNS B IF #8786 % $55% (Yan ef al., 1999; Hong et al., 2003;
Hong et al., 2004)f= ~ 5§ " % R 8 4% 48 #-5% (xenograft models )(Cheung and Modak,
2002; Cheung et al., 2002; Modak et al., 2005; Li et al., 2007; Salvador et al., 2008;
Radfar et al., 2009)??3% T AR amnk o P E T WA A E ST
BB EAILAF o B BT R T e ER 2 £ FRR LA (T
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Brgae 4 0 T E e mie i 4 o 14 PS-F2 i | BV AR F LK 0 R
§Iek ¥ ol st KB ¥ 0 PSF2 25 g | BURFR fee £ 6 CDA0-
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Dectin-1 % #8#r+4|&| laminarin % ¥ {£4r4] > TLR4 4 F= | & BMDM » % i
PS-F2 e o % % &5t PS-F2 it % d Dectin-1 ~ CR3 2 TLR4 X %8 {13 d &
s (B 4-1) o

5.7 PS-F2 j#F i Eeiimee (T% 441304 > PS-F2 i T 2 i v v Jcfi
ERK-~INK {r p38 2_ gifik it ~[-kB 7"% 222 NF-xB 2. 245 12> /f]‘ v ERK~JNK ~
p38 & NF-kB % — {drd| & ¢ ¥ #r4| PS-F2 1) Evfiw?? 2 4 TNF-a > 23l
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Figure 4-1. The proposed PS-F2-mediated receptors and signal transduction
pathways in the regulation of TNF-a expression.

Dectin-1, dendritic-cell-associated c-type lectin-1; Syk, spleen tyrosine kinase; ITAM,
tyrosine-based activation-like motif; Pic, poceatannol; CR3, complement receptor
type 3; [-xB, inhibitor protein kB; NF-«kB, nuclear factor kB; JNK, c-Jun N-terminal
kinase; ERK, extracellular signal-regulated kinase; TLR 4, Toll-like receptor 4;

TNF-a, tumor necrosis factor-a.
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Figure 4-2. The immunomodulation functions for PS-F2 in antitumor immunity.
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