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ABSTRACT Activating macrophage cells play an important role in the host immune defense system. In this paper,
immuno-modulatory activities of polysaccharides separated from Jubak (JPS) in macrophage cells were investigated.
Immuno-modulatory activities were estimated based on cell proliferation, nitric oxide (NO) and cytokine production,
degree of mitogen-activated protein kinases (MAPKs), and nuclear factor (NF)-kB phosphorylation in RAW264.7 macro-
phage cells. JPS (62.5 to 250 pg/mL) did not induce a cytotoxic event. Additionally, NO and proinflammatory cytokines
(tumor necrosis factor-o. and interleukin-6) production significantly increased in a dose-dependent manner. Similarly,
phosphorylation of MAPKs and NF-kB increased upon JPS treatment. Therefore, our results suggest that polysaccharides
separated from Jubak can induce macrophage activation through MAPK and NF-kB signaling and induction of Thl

polarization.
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A EZA YA EE pro—mﬂammatory cytokine?!
necrosis factor(TNF)-aq, interleukin(IL)-6<} nitric ox-
ide(NO) & 22 thfst 248 #H|sto] A7] A2l =

AEAGAAE FEsls THEZTFE A SA7IHHR).
A= AA el A M) 2448 5o vhFet A
34 @] A EN Fad TS FYste AoR
g A vk HE AALANZFEH EEg 7158 trRA
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1080 Mg A

I} FH o] 57 oA 2|3} peritoneal macrophage®] pro-
inflammatory cytokine(IL-6, IL-12)2] #H| & S7IA1#A
HAAAE A= o2 BuErH12).

2 ATe FatelA FE3 thdAlY A E HY 24
ol o8l ot ] flske] mlg-2 gIAAE fefo] AlEF
Q1 RAW264.7 M22Foll A W Z3 uj71+:1 NO, pro-
inflammatory cytokine®] ¥4H]%5 3 cytokined EH]'T<
z4d3s= 24919l mitogen—activated protein kinase
(MAPK) 214+8} 2 nuclear factor(NF)-xB2] 3 &9
ol MX&= FEkel #sto] Polr qiTh

FHb ZLOHEUPS) F&
2 AFNAM AEH F

A A Fol A&t AxE Tk AgAs
(NSG-1002SS, Hanil, Seoul, Korea)® #4&3}x £ &
= 50 goll 400 mL9| distilled waterZ 7}ake] 100°Coll A
22X B 5= St & ES Filter paper(No.4,
Whatman, Kent, UK)Z o] 3}sla1 o3} ool] 70% o eh-2-2=
7Fakel 4°Cell A 12413F &9k WA -, 423,200
rpm, 20 min) &o] AAH Z2HIFUPS)S st o=
TANZ 3o AP AL ojuf Lo xrhRe
F2 2.2%(g/2) At

L.
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wp9-2~o] A M EF9 RAW264.7 cell A X+
& (Seoul, Korea)oll A #Futo}l AL-&atl om, M Euj S
218l 100 unit/mL penicillin 2 100 unit/mL streptomycin
¥} 10% fetal bovine serum< X% 3hi= Roswell Park
Memorial Institute(RPMI) 1640 vjA](Life Technology,
Carlsbad, CA, USA)E AH&3F3len, Mxe 37°C, 5%
COz incubator(Thermo Fisher Scientific, Carlsbad, CA,
USA)ell A alj st Sl T,
=4 & "ot

JPSe] W=4 gk Limulus Amebocyte Lysate assay
kit(GenScript, Piscataway, NJ, USA)& +38to] =435}
gom, JPSe| &4 g2 15 pg/mL(0.1 EU/mL) ©]3}
2 SAHA
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RAW264.7 cellS 96 well plate®l] 3x10" cell/well9] &
=2 B33 3 37°C, 5% COq incubatordll Al 12A]7F F<t
st MEE Hds] F&A7)3L JPSE phosphate
buffered saline(PBS; WelGene, Daegu, Korea)oll £33}
o] 62.5, 125 % 250 pg/mLe] FEZ 2447k <t A5}
At} Welld 30 uLe] 3-(4,5-dimethylthiazol-2-y)-2,5—

ERCE
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diphenyltetrazolium bromide; thiazolyl blue(MTT; Sigma-—
Aldrich Co., St. Louis, MO, USA) €2(5 mg/mL)& 7}
sto] 4AZE 9t HEEAATE. MTT Aleke] H7k= A
formazans *°]7] 9814 dimethyl sulfoxide(DMSO,
Sigma-Aldrich Co.)Z 100 pL® H7}sFa 1A17F & mi-
croplate readerZ ©]-€3to] 517 nmollA EFEE =AH&}
a1, Control(medium only)9] F3 % 7S 71507 AE

AEES v

Cytokine 2H| =5 H7t

48 well plates] RAW264.7 cell 5x10* cell/well 2
F3F 3 37°C, 5% COs incubatorell Al 12A17F F<F vl %5}
WA AEE 48] F2A17]3, PBS &3 %E JPS(62.5,
125 % 250 pg/mL) == A ZF+<] lipopolysaccharide
(LPS, 200 ng/mL) X2 A3t 24413k 5t vl gt -
g G aS FEelt. el vl s Al A IL-6,
TNF-a 2 NO° &35 =74sklth. Cytokine &3
ELISA kit(eBioscience Co., San Diege, CA, USA)S A&
3to] S35, olu cytokine?] FEE kitol] EgHE o]
AT AT EHOZRE A& REFHoZHE ALE

.

Nitric oxide(NO) SE5 T}

29 v A 100 ploll %9 Griess(Sigma-—
Aldrich Co.) Al¢FS A #3te] 10 &< WHSA1Z $ mi-
croplate readerE ©]-&3}¢] 517 nmolA S3 =5 SA3}
At NO9| &%+ sodium nitrite(NaNO,, Sigma—Aldrich
Co)E A3t 92 nFA A7 vwste] 4H&E318l).
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Western blot analysis

RAW264.7 tIX A X E 6 well plated] 2x10° cell/well
o] FER 58] 124131 St ¢ 8] FAA7| 1 JPSE
62.5 2 125 ng/mLe] =2 A2kt wiko] & AlE
£ F3ste] PBS® 33] A3 th, NP40 Cell lysis buf-
fer(Biosource, Seoul, Korea)S 7}3F % 13,000 rpmell
A 1587 GAEE A cell lysateS E2]3HTh & W
9 AS FElskr] Y8k Al e Aol A8 s
M[10 mM N-(2-hydroxyethyl)piperazine-N'-(2-eth-
anesulfonic acid)(HEPES), pH 7.9, 1.5 mM magnesium
chloride(MgClz), 10 mM potassium chloride(KCD, 0.5
mM dithiothreitol(DTT), 1 uM leupeptin®} 0.2 mM phe-
nyl methyl sulfonyl fluoride(PMSF)]& 207t A 2]3F &
12,000 gl A 123t el skl Alxddt 38 Felst
gom, FelE S 1 ¢4F9[20 mM HEPES, pH
7.9, 25% glycerol, 420 mM ethylene diamine tetra ace-
tic acid 0.5 mM DTT, 1 uM leupeptin, 0.2 mM PMSF|&
A 2l3ke] 10,000% gol| Al 201t LAl sfo] & dhuld
S FEFFY. ¥ cell lysates BCA protein de-



tection kit(Thermo Fisher Scientific Inc., Rockford, IL,
USA)= ARg-ste] dild Aehs AAshalal, welld 20 ng
9] cell lysateE 10% polyacrylamide gel®l| Z}Z} loading
3to] SDS-PAGEZ WA 323t ©]& polyvinylidene
difluoride membrane(Millipore, Merck KGaA, Darmstadt,
Germany)2 2 transfer 3}%13l, membrane< anti-body
o H]Eo|¥ AgS WA3L7] 13l blocking solution(skim
milk 5%) 20 mLellA 1AIZF &b A8kl t). o] & TBST
(20 nM tris-HCl, 150 mM NaCl, 0.05% Tween-20, pH
7.5% 104 33] A8t e, p-p38, p-38, p-ERK,
ERK, p-JNK, INK % NF-xB9o| #azS =437 94
12} @A) (Cell Signaling Technology, Danvers, MN, USA)
£ 1:2,0000.2 3238} 4AI7F F<F WHgA| 7] 3L TBST=Z
5%37F 33 Atk o] 3 2xF & A(goat-anti rabbit
1gG, Calbiochem, La Jolla, CA, USA)E 1:5,0002. % 3]4]
sto] 2A1F &< REEA17] 2 @S 98k electrochemil-
uminescence(Millipore Merck KGaA) reagentZ AF-&3}

o ds}sqint.

o] e] AdoA dojR A} Statistical Package for
Social Sciences(SPSS, 10.0, IBM, Chicago, IL, USA)
softwareE ©]-&3%}] one way ANOVA test® #4138} 2
™, AlRE 7F] o)A Student's two tailed —testZ /X
0.05, “/X0.01 ¥ "™ /0.001 &l Bt}

Zdnt ¥ nF
JPSe| MZ MZEZ I}

JPS7F A A9 A2 g w A= FFS H7teH]
QAste] 2 A E RAW264.7 celloll 528 JPSE 2 2] 8l
JPSell ti3h Al o] AEES MTT WS S8te] Hrtelsd
tHFig. 1). JPSE 62.5, 125 2 250 pg/mLe] sE2 g
140 e
1204
1004

804
60+
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20+
0
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Fig. 1. Cell proliferation activity of Jubak polysaccharide (JPS)
in RAW264.7 macrophage cell. JPS were treated at the concen-
tration of 62.5, 125, and 250 pg/mL. Cell proliferation was con-
ducted in triplicates (n=3), and the results are expressed as mean
+SD. Statistical analysis was performed using the Student's two
tailed #-test with a significance level of P<0.01, 7" P<0.001.
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S o BE FEoA AEEAe] YehA] gkl vk
EHO R NE AEEO] T Ao AEHA w
A JPSE A A Ee] AESA o] FeFS n XA Fgo
], 33 JPSe] A 2]7} cytokine E NO A %o ojw gt
BEFS W A=A Loty $138te JPSe] FEE 62.5, 125
9 250 pg/mLE A te] At
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ol A pro-inflammatory cytokine?l TNF-a, IL-62} NO2]
Ao diste] Lot gkt b Ao A AlEsAdol JEF
S A A &= FEQ 62.5, 125 2 250 pg/mLe] FE=
JPSE Aelate] i AE 843} 21421 cytokine(TNF-q,
[L-6)7 NOY A4S st 27 JPSe] AHEle s% o9&
Ao 2 TNF-q, IL-69} NO9| #H]5S& S7HA7]& AR
HEE A (Fig. 2A, B). IAAE A3t Fa3 4
3 3}= NO+= nitric oxide synthase(NOS)$} 447}
ate] L-arginines AHsHA|A A==, Rl AE 724
H AxY GAEE Aojsts oZ Hasal oi(16).
SHAIRE T EHlE NO= 83 594, 8% 59 d5vs
S sl A5 ER S AFAE S S8 =
A7 Aem &3 dvk17). wEkA Al
|4 NO9| F7He HY7sS A& 3oz
Atk B AF M= 62.5, 125 E 250 ug/mLe]
galis v AE=4E g + gldlen, NO
FTE oEXH R FUtetE AoE #EE JPS
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Fig. 2. Nitric oxide (NO) and cytokine (TNF-a and IL-6) production activity of Jubak polysaccharide (JPS) in RAW264.7 macrophage
cell. JPS were treated at the concentration of 62.5, 125, and 250 pg/mL. NO (A) and cytokine (B: TNF-o and IL-6) production
were conducted in triplicates (n=3), and the results are expressed as mean+SD. Statistical analysis was performed using the Student's

two tailed #-test with a significance level of *P<0.05, **P<0.01, and ***P<0.001.
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Fig. 3. Phosphorylation activity of Jubak poly-
saccharide (JPS) on MAPKs and NF-«B in
RAW264.7 macrophage cells. JPS were treated
at the concentration of 62.5 and 125 pg/mL for
45 min. Cells lysates were subjected to SDS-
PAGE and immunoblotting analysis was per-
formed using each specific antibody to MAPKs
(phospho-p38, phospho-ERK1/2, and phospho-
JNK1/2) (A) and NF-kB (p65) (B).

Z7] Aukgo] AZEW HAAE Y Ao
MAPKs(ERK, JNK, p-38) % NF-xBe] 914k
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o] ==
o =
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A chFig. 3). NF-kBE AZ oA &4z &4
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