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Immunoenhancing Effects of Polysaccharides Isolated from Barley Sprout
Through MAPK and NF-xB Signaling Pathways in RAW264.7 Cells
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Abstract

This research investigated the immunoenhancing effect through the intracellular MAPKs and NF-«xB signaling path-
ways in macrophages activated by crude polysaccharides (YBP) of barley sprouts. YBP extracted from barley
sprouts is composed of xylose (25.8%), arabinose (24.1%), galactose (23.4%), and galacturonic acid (11.7%). YBP
did not affect the cytotoxicity and showed superior secretion of nitric oxide (NO), interleukin (IL)-6, and tumor
necrosis factor (TNF)-a by RAW264.7 cells. Also, YBP dose dependently increased IL-6, TNF-¢, and inducible
nitric oxide synthase (iNOS) mRNA gene expression. In the western blot, YBP strongly induced the phosphorylation
of the p38, JNK, ERK, and IkBoa pathways in RAW 264.7 cells. In the anti-pattern recognition receptor (anti-PRRs)
assay, the effect of YBP on NO secretion strongly decreased toll-like receptor (TLR) 4 and Dectinl antibodies,
whereas 1L-6 and TNF-a secretion by YBP mainly decreased SR and CD14. Therefore, we concluded that YBP-
induced NO, IL-6, and TNF-a were secreted via the MAPKSs, while NF-xB pathways through TLR4, Dectinl, SR,
and CD14 receptors existed in a macrophage surface and were involved in the immunoenhancing effect.
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2 o)) Al ¥ (macrophage)$} 7+ thsE A A EE0] A
saggoy JRERE F98 BAY FUo =R
8 B2 nEshn gk olF WAMEE A W A
o] RE A B2l glon, ojgd e A4 W &2
83 ME T& AL AASI A Al Hestar
(Kwon et al., 2016), WS ZH 1 =}F2] nitric oxide (NO),
reactive oxygen species (ROS), IL-1B, IL-6, IL-12 ¥

tumor necrosis factor (TNF)-a2} 722 t3t cytokine 2

chemokineS #H]sle] AGREe-S Stist AT U= 5
Q3+ w7 9&-& 3t} (Adams & Hamilton, 1984; Nathan,
1987; Sung et al,, 2016). 53], 25 HAA 7} AA ] =
A3tH A E FHol|= Toll-like receptors (TLRs),
CD14, scavenge receptor (SR), dectin-1 ! mannose receptor
(MR)$} 22 3|l Q14 4=&-|(pattern recognition receptors,
PRRs)7} EAsk=t] o] 2 &A1& Fal PA=EAA)
S 214 4= 2 tk(Schepetkin & Quinn, 2006). qwxau
o] PRRsE 3l A= Aee YAEE 2
o}t cytokine ' chemokineS
AAG B of} 9 3§ ?_%
sletal 2o RN TH WY

ha)

[e)
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#H A 9 thMacMicking et al., 1997; Forman & Torres,
2002; Jiang et al., 2010).

AR 2] (Hordeum vulgare L) U E W& 3}
ol ot Feljdol 2R BelE dFetL At 1520 em
Aol o]AYS WS (Chae et al, 2019). AR HZ| = B
g, BEd e Bejdolgtae EEw, HEjde] o
oz ZAMrLE JEoE F dHA o Edore
‘Gersten-gras’, YA = ‘Agjirw'ghe FEHOE F55
AT AR EEE BE 3§ 25 ool g of

E97] sl st A2 ELES o ek
Aoz dHA glo] Bele] Aok, 79 7
SET AR o & A4S FaL AFE s
TH(Sattar & Badshah, 1995). A|&H 2o+ H]EMT C, Y€}k
Tl E, B-carotene, lutonarin, saponarin, polysaccharide 5]
71574 =20l v sHrE ol Slof ol5e] 71F Antst &
g, A B Fe] AR, dF SYsEHE e 2 A
AHG G a7 de A7 RiEoe] Ut
(McIntosh et al., 1991; Yu et al, 2002; Markham &
Mitchell, 2003; Kim, 2006; Ferreres et al., 2009; Yamaura
et al., 2012; Ikeguchi et al., 2014; Kim et al., 2017).

upeEbr], 2 Aol M= Tl A M EF RAW264.7 cell ©]
gt AR RYERE FEIT 20T AE AEE,
cytokine ¥H]5, &AM X EA3E B M E AeAL
BRE AT RN AR R fof v WS 854
2 2hE 7S sk, MYkl a9E 7 AdE
A1) T 7/ & Elskarat eFqie.
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NeHeS A7kste] 2417wk F 12407 WAse] A4
22 Agith, bl AYRE/1E ol gstel FEAS A7
lom, 58 B o] Bol Agssel 4

o] FAAES 24381322} Honda et al. (1989)9]
HE A #Esto] Ao A8tk A8 1meoll 2M
TFA (trifluoroacetic acid) (Sigma-Aldrich, St. Louis, MO,
USA) 1 mLE H7iste] Ay $F 121°ColA 1.5A17F 744

dake] N, flushing® 2 7133 ¥, 0.3 M sodium hydroxide
(NaOH) 100 pLeo} W gt&o] &€ 05M 1-Phenyl-3-
methyl-5-pyrazolone (PMP) (Sigma-Aldrich)S 120 pL% &
Fote] A" F 70°CNA AT F9F Al stsk T v
o] =A% 03M hydrogen chloride (HCI) 100 pL=
=3} &, o] A3 AZ3 H, chloroform®} distilled
waterg ©|-&3te] 2% SmiAIR FElsta 25 35t
= AL 48] vHES T 2 U, 022 pm filterE ©]§
3te] o433 & C18 columno] “&2FE high performance
liquid chromatography (HPLC)-UVDZ #43}%th. HPLC
2 EA437] 918 AFE-E 89+ 0.1 M phosphate buffer
(pH 6.7)9} acetonitrile (ACN)S Z+2} 82:182 &3tsle] A}
g3t on, $HE 254 nmolA 6087+ ST 7
4] mole%= =A3}E internal standard (glucosamine
ARE) thH] Al 58] peak WA} 7} @e] EAFOETH
SHiksto] ALkttt

RAW 264.7 cell0ff CHEF cytotoxicity, nitric oxide %!
cytokine MMs LIt

Ao ARE3E A A S RAW 264.7 (KCLB 40071)
MNEE =4 523 (Seoul, Korea)ollA] £ who} ALE
BFth A o] thalk A& 9] cytotoxicity, nitric oxide
(NO)9} IL-6 2 TNF-aZ Z743}7] S8 96 well plateo
RAW 264.7 MIEZE 2.0 x 10° cells/well2 233 100 uL
A 7FslaL, 37°C, 5% CO, HlF71oA 2A17F &<t A EE
EZANAT o|F o8 L& 34 te] AJEE 100 ulL¥
A7V 37°C, 5% CO, W F71o141 247171 vl Fstsith
(Janaeway, 1968). A5 F=o & AX 545 &)
el dsds AAT F 2 wellol] 58] 343 EZ-cytox
(Daeil Lab Service, Seoul, Korea)E 50 uLA wellol] 37}
3kaL 37°C, 5% CO, #F71oA 302 RESAIA 450 nmell
A FFEE SHEAH
BFE, NO, IL-6 B TNF-05 FA3t7] 918 919k 2o
A3k O = RAW264.7 cellS 2447+ viFeh &, €
H2](900 rpm, 5 min, 4°C)3}e] Al2Zu S 50 uL 3]~
ste] A5 o =% NOZE Griess reagent system kit
(Promega, Madison, WI, USA)S ©]&3}o] =43} t}.
IL-69] 73-9-oll= 45dS 2vl, TNF-a8] Z-9-oll= 35S
5u 8]413k ¥ enzyme-linked immunosorbent assay (ELISA)
kit (Mouse IL-6 ELISA, BD Biosciences, San Jose, USA;
Mouse TNF-a kit, Invitrogen, Carlsbad, CA, USA)E ©|&
st cytokine®] A3/ &S S 6k3Th

qPCRE =& REIA 2dlgk 55

mRNA expressions 2213}7] 915 HA RAW 264.7 Al
EE2 60 1 disho] 1.5 10° celly/dish® Qg 3 37°C,
CO, wiF7100A 12417F v Fstith. o] %, Al&5 DMEM
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Table 1. Primer sequence

Primer Sequence

B-actin 5-ACCTTCTACAATGAGCTGCG-3' (sense)
5-CTGGATGGCTACGTACATGG-3’ (anti-sense)

NOS 5-ACATCGACCCGTCCACAGTAT-3' (sense)
5-CAGAGGGGTAGGCTTGTCTC-3' (anti-sense)

1126 5-ACAAAGCCAGAGTCCTTCAGAG-3' (sense)
5-GTCCTTAGCCACTCCTTCTGTG-3’ (anti-sense)

TNF-o. -GTACCTTGTCTACTCCCAGGTTCT-3' (sense)

5-TGGAAGACTCCTCCCAGGTATATG-3' (anti-sense)

o &aliato] 1-100 ug/mL Akeloll BeFet s=2 228t
37°C, CO, Ml 714 3A17E vl Fskdtt. o] %, RNeasy
Mini Kit (QIAGEN, Valencia, CA, USA)S Al&-3fo] A%
Atell A Z el mel RNAE F&313L nanodropl 2 7 &5h
<, ReverseAid First Strand ¢cDNA Synthesis kit (Fermentas,
MA, USA)Z A|ZALE] protocolel|l Wl cDNAE 4 31
t}. Power SYBR Green Master Mix (Applied Biosystems,
Foster City, CA, USA) &3 94 AlFS o] &3,
quantitative real-time PCR (qPCR)S &3l iNOS, IL-6 %
TNF-02] DNA 23 &S S48tz aiich. olmf AR
Z} primer sequence= Table 13} 7o}, o] % Ao F4
2} S F(relative mRNA expression)< Step One Plus
System (Applied Biosystems)& ©]-&3lo <15t

qPCR Z7& IL-69} TNF-a 735, 95°ColA 15% —
60°Coll A 122 40 cycles (melting curve), iNOSS] 73-%-
95°CollA 15% — 58°COlA 20% — 72°CellA 30%= 40
cycles (melting curve)7kA] F%HA]A A E9] comparative
C, @S 738 %, housekeeping gene?l B-actin -7 &}
cDNAE 2 WHos F3sfo] 20 o s st

sirt.

Western blot

qAAE ) tEH ] Asdd =220 mitogen-activated
protein kinase (MAPK)®} nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-xB) A2 & &<lsl7A}
RAW 264.7 AIAZE 60 = dishol] 1.0 x 10° cells/dish2 %%
& F 37°C, CO, WA 12417 WAL ol F, A
55 DMEMY| &3fiste] HF5%E7} 0.05-5 pg/mLo] ==
5 AHZgk §, 37°C, CO, vi71olA 30i-7+ vl ettt
g = 2 iR E 8] Al A ] 18] TBSE Al st
3L Ripa buffer 400 pLE 371std Al2E &siA]7]7] <
3l dishE ice el 30 WAt & & AE §Ed45
st £5d T Ee AAE2](13,000 rpm, 15 min,
403ty 453} Laemmli sample buffer (Bio-Rad,
Hercules, CA, USA)E 3:1 H] &2 &3 & 100°CoA 5
E7F SEHS &, Ao BastHA ARSI T

Western blot2 213J3}7] 13l 10% polyacrylamide gel®ll
A ZH AFEE 20 uL loadingdte] 120 VoA 90&7F 7]
AE3ATE A719Fo] ¢5H gel> PVDF membrane
(Millipore, Billerica, MA, USA)el 0.45A°lA 80&7t
transferst2Z, PVDF membraneS 5% skim milk (Sigma-
Aldrich) =+ 5% BSA (bovine serum albumin) (Sigma-
Aldrich)®ll 2A]7F blocking SISt =2 &, 1% TBS-T (Tris
247 mM, NaCl 1,370 mM, KCI 27 mM, Tween 20 0.5%,
pH 7.6)5 ©]&3t] 1087 23] washing3lt). o] % 1}

A E ztzte] AAQulgR F4ste] H2d F, 4°CoA
12A17F BFS-A17] B 1% TBS-TE ©| &3t 1087+ 33

washing8}iTh. )% 23 GRS Z7e] AAu g 84
sto] AejstaLl 2417 ¥EEAIZL F, 1% TBS-TE ©]-8-3}o]
1027F 33] washingdlith. &AIHES-0] $+5 % membrane
2 ECL (Enhanced chemiluminescence, GE Healthcare,
Buckinghamshire, UK)3 ®H-§A|A X-ray film (Agfa,
Mortsel, Belgium)oll &7dst & &R1}a12} df= a2 o]
2 vlaskloh

Confocal2 0|68t & LHZ2| p65 B=Z &0l

AAEZ ) ASAY AE NF-«B (p65)2] 3 W=
Az AG o3 o E 013} A} confocal laser scanning
microscopy (Carl Zeiss Microscopy, NY, USA)S ©|&3}]
AYS YA Th 24 well plated] 12mm cover slip
(Paul Marienfeld GmbH & Co. KG, Germany)S %L
0.1% gelatin (Sigma-Aldrich) 500 uL® 3 7}ste] 37°C,
5% CO, Wi%F710A 3027 WA g 5, A5 d S 25 A
Atk o710 2.0 x 10° cellsymLE Z4 3+ RAW 264.7
AEZE 37°C, CO, HF7IolA 5A17F &t AES F2HA]
T, AEE HFEE7F Spgmlo] HEE A2d F,
37°C, 5% CO, ¥iF71o1A 2417k 53t Al85 A skel
Alg2A2] £5 T PBSE 13 washingslZ 4% formaline
(pH 7.2) 500 LA 7Fste] 1587 A& wx|ste] hg-S
SAAN A, tA] PBSE 18] 5% 5 shakingdlHA] 33]
washing3} 3L 5% BSA (in 0.1% Trion X-100/1x PBS)E
300 LA A Elshe] 25°Ce] A 1A1ZF WA T
-8 F5 F PBSE 13| 5% 52 shakingdtHA] 23]
washingS}3L 12} 34| (p65) (Santa cruz)E 1% BSA (in 0.3%
Triton X-100/1x PBS)°| 1:2000.% 343k ¥ 250 uL A
Al ate] 4°Coll A 1247 WA o] PBSE ©]&-3t
o] 18] 5% &< shakingslHA 33] washingslal 23} &
A (Alexa Flour 488 goat anti-rabbit IgG) (Thermo Fisher
Scientific, Seoul, Korea)E 1% BSA (in 0.3% Triton X-
100/1x PBS)°ll 1:220002.% 3]X43F 5 250 uLA =] 2] 3}
25°Ce] HdellA 7087 BE-E-SI3I T o] F- PBSE 13] 5%
&<t shakingdlHA] 33] washingdl2l 24 well25-E cover
slipS #23}l] mounting medium with DAPI (Vectashield,
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Burlingame, USA)2} $H4] slide glassoll *12]8F 5 confocal
laser scanning microscopy (Carl Zeiss Microscopy, NY,

USA)Z o]-&3}o] cell morphologyS #2313t}

CHAIMIZS] pattern recognition receptors (PRRs) 251

WA EZE -] EA et 7849 & f55 &<
3171 918 2.0 x 10° cells/mLE ZdE RAW 264.7 X E
96 well plateol] 100 pLA 53} 37°C, 5% CO, ¥l 7]
ol Al 5AIZF Hj%F3st H, TLR-2, TLR-4, SR, CDI4, MR,
CR3, Dectin-1 =8| (pattern recognition receptor antibodies,
anti-PRRs)E ZHF5 =7t 727} 10 pg/mLe] A A2 3t
37°C, 5% CO, HlF7]elA 1A17F WA &F3At). ©]F DMEM
o ANlgE &3l % At HFEE7t 5ugmle] ==
5 A3t 37°C, 5% CO, ME7INA 24A17F A 55 A
stk A58 £85 F, NOE Griess reagent system
kit (Promega)E ©]-&3}% 3, IL-6= Mouse IL-6 ELISA
kit (BD Biosciences)E, TNF-o= Mouse TNF-a kit
(Invitrogen)E ©]-&-3te] A|ALe] 2ol w2} o+aks 54

st

SAHXE

BE A Ades FHeRTHAE ‘/}E}LH Nem, IBM
SPSS Statistics 21 TAZEZIHS
multiple test2 &3 Al 7+ %—/] dsp
oA 77g skt
2o oz
MMHZ[2RE 226 RO YBP2| T4 24

AMAEY2RE deFEste] 42 209 YBPY 74
F B8 213)% Z3KTable 2), xylose 25.8%, arabinose
24.1%, galactose 23.4% Z12]3L galacturonic acid 11.7%Z
TAE] ATt o] AFARFH 2 A7 A=A 2 F

2 EA 3= arabinoxylan¥} ¥l -2 rhamnogalacguronan-I
2 arabinogalactan®] ZAJ3le] EAE Holgt FA A TH
(Kim et al., 2017).

Table 2. Sugar composition of crude polysaccharide (YBP)
isolated from Barley sprout

YBP (Mole%)

Mannose 2.2+0.0
Rhamnose 7.2+0.1
Glucuronic acid 2.6x0.1
Galacturonic acid 11.7+0.0
Glucose 2.0+0.1
Galactose 23.4+0.0
Xylose 25.8+0.4
Arabinose 24.1+0.5
Fucose -

MM ] 72l Z=CHet YBP2| NO, IL-6 2! TNF-a *"V}Qi

A 2= AR S Fdsle tHEH] A2 o7
25E AP A, vlelg & Yl o] 2 d S S—’Fo}l &3}
e AAIE ZHe-S 3k, tFd3E chemokine®] Y cytokine
< EHsHAA 2] WolE &l ®Eth(MacMicking et al,
1997; Forman & Torres, 2002).

A EZe] A3t A X F 52l nitric oxide (NO)=
HANNL A Q3 A EATAY B2 AE U 74
= dodl= mAEd YHES 1117%0}” TEHE T
A THKwon et al., 2016). NO+= A|E Ujd] &A3l= L-
arginine® 2] nitric oxide synthase NOS)EH= Fd a4l
93] A=, ZA endothelial NOS (eNOS), neuronal
NOS (nNOS) 2 inducible NOS (iNOS)7} vt LA
SJ+=H(Stuehr, 1999), 53] iNOSel 23l A E= NO=
QoA At HAAERE AE BRIk, ol
oS A A5 2 9 o o] aRAelga By
o] AUTH(Kroncke et al., 1998). ¥HA, A 24 3}o)
o EulEe gt cytokine F, IL-6= THEASI
multifunctional cytokine® ZM4 7+ %7] Wh-g-of Foishy
Mo 2 28 FES ST ¥ o olg 3 Wl
03 o9& dckSimpson et al, 1997; Izadpanah et
al., 2014; Tanaka et al., 2014). TJE-9] TNF-o= WA E
z-ol T3 AAEM, Ao A NS E FEdtA
w ute]g 2o Al ) BAlE Asliste] AAHS w3l
ZA #ost= Az EAe] dFo|tKwon et al, 2016;
Sung et al., 2016).

webA, 2 A7 AR f 2ud YBPY
RAW264.7°] th3t 2 H Al AE=AS Fel3la1x YBP

A& 0.06-1000 pg/mLe] T4 F=E A E A 2542
RAW264.7 A| 320l 22]ste] Al E25d5 20T 2, Aﬂ;
42 1HA] ggken, 23]8 3.9 ug/mL o] F=

AME 3 AE S5 lio:]—zr?iE}(Fig. 1A). &3
RAW 264.7 A2Z] NO ¥ W3} #HF cytokine IL-6
4 TNF-a9] #4H]5S 81s A3kFig. 1B, C), NO<| 7
$ 024 pg/mL FERE FANET tH] 50% ool ¢
T NO #H|5S HAFoH, IL-6= 0.98 ug/mL,
TNF-o= 15.6 ug/mL o]’ A =3k cytokine #H] <
BolFonh 9 A2A=FY AR ff 2ohd YBPE
NO, IL-6 3 TNF-a¢] #Hl5& S7HA A A 2
EA HAME] AN EZE SAstete] 95 a3

of AT Ho =z FAF AT

MAMHEE| F2i Z=CHEE YBP2| mRNA gene expression

7% NO 9 cytokine A4HsS UERA YBPO] W9 %
d B-E FHA [L-6, TNF-a 2 iNOSe| &8 A=g %
AFSF3LA} quantitative rteal-time PCR (qPCR)ZE #4181t
72 A3Fig 2), A”RE fEl 20T YBPE IL-69
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Fig. 1. Effects of YBP on cell viability (A), NO (B), IL-6 (C), and TNF-a (D) production in RAW 264.7 cells. NC (medium) and
PC (LPS, 1 ug/mL) were used as negative and positive control. Bars with lower case letters (a-h) indicate significant differences
between groups (p<0.05) as shown by Duncan’s multiple range tests.

(A) 25000 (B) 2 30 ~ (C)8 100 .
N = = d d
c a = a5 = T T
S 20000 - s S g0l C
@ ? be @ d = T
[ 7] L b FY i
a 2 20 l - —

X 15000 - s £ 2 60}
Y b b o d :—J
© s 15| °©
2 b - d >
S 10000 - s £ 40}
t c
© c c < 10| ]
3 S 3
=3 2 T
£ s000f o o 20|
b= 2 5t 2
L] =] =
& < e T
d i ] x L.
NC PC 1 5 10 50 100 NC PC 1 5 10 50 100 NC PC 1 5 10 50 100

Concentration of YBP (ug/mL)

Concentration of YBP (ug/mL)

Concentration of YBP (pg/mL)

Fig. 2. Effects of YBP on mRNA expression of IL-6 (A), TNF-o: (B), and iNOS (C) in RAW 264.7 cells by real time PCR. NC
(medium) and PC (LPS, 1 pg/mL) were used as negative and positive control. Bars with lower case letters (a-e) indicate significant
differences between groups (p<0.05) as shown by Duncan’s multiple range tests.

mRNA @& o] 10pgmL TE=FEH FHAHZE tiv]
50%°l Fote THAHFS UERNA ST, TNF-a°] mRNA
AT 5 JFS BT} INOSS] mRNA
7% 50 pg/mL ST tH] oF 90% o)
o] FHTFE Ho

=
LofEA

e
2 ek

o8 T3l AR # vt YBPE IL-6, TNF-a
2 INOS FHAE DRAAIA HEFHSE NO, IL-6 B
TNF-02} 752 chemokine ¥ cytokine #H] & 9402
AReto 24 Ao Agste AW A L] &3}
zZAol| ot HASHaAE Jepdds AS Azt

=i}
=
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glsi.

MAEZ| Feff RO YBPL| CHAIMIZ =24 Z=Z &2l

A ®E FWHolE TLR-2, TLR-4, MR, CR3, SR,
CD14 ¥ Dectin-1 59 th&st 8112484 (PRRs)7}
ZA5k=dl, ol lipopolysaccharide (LPS) 232 B-glucan
I 22 AAdE FE O 2AE A2 HH AEAHA
Qrtslz al] AlxY AEHdLS FEsHA Hrl o] F o]
S & Y& E9)7} transcription factorsS A 3FA]A F
2O 2 T}t cytokine B chemokine2] AAHS F=3H
o A AtkLewis et al., 1998; Rice et al., 2002;
Taylor et al., 2002; Yang et al., 2003).

2 AR AR f Z2ohd YBPZF A A E £
Hol| EAjsl= 784 F ofH F&A e ddtste] A
g5 f53 F NO % IL-6, TNF-0Z2 EH|a=x] &l
S22 3+t RAW 264.7 Ao TLR-2, TLR-4, MR,
CR3, SR, CD14 ¥ Dectin-1 receptors-blocking antibodies
A g)ske] NO % IL-6, TNF-o ¥4 &8 =439t
A7HFig. 3), NO& 7%, TLR4 ¥ Dectin-1 =3}34)
E Mg FAdA A5l AL YERA e kth(Fig.
3A). WA IL-69] 7 -$-(Fig. 3B) SR 3342 A2 3k
A ARE Aol gk A ERlE e, TNF-afl
7d-%-(Fig. 3C) CD14 Z3FAE H2|g Fol|A YA 5o
71 A s AS FR1ES ). wEba] AfRtEe f2
ztg YBPE AAME EWo] EAdE TLR4 %
Dectin-13} A3ste] AX UZ E0(7} NOE #H|51H,
SR} Agtsted IL-6, CD143%} A 33t TNF-05 #H]3t=
Zo g HF gelstir

¢

(i

MMEE| Rl RO YBPL| CHAIMIZE L MAPK 2 NF-
kB A=2| &5}

GAEA o hAME FH| EAeHE FEAE 9l
2)3le] BAdslE A E W MAPK 2 NF-xB A=29} 7+

S ANZAGS B A%HHoR F53 F(Rice et al,
2002; Taylor et al., 2002), 3 W= E]7} AP-1 (c-Jun)
2 NF-«xB (p65 2 p50)9} 72 transcription factorE 43
SIAIA FHFHLS=E cytokine I NO 52 A F=ghch
3 B Eo] lth(Lewis et al, 1998; Yang et al, 2003).
A A ] tEH A AsHE A2 MAPKse thgeh
Axze] 2, 3t % AbE 5o T8 28R T s
olgtoll cytokine A3/, & A A M A (antigen-presenting cell,
APC)®] 755 AR 2N AHUY g T35 o
g sl Fe® d#A JthkLiu et al, 2007). MAPKs
£ ERKI1/2, INK, p38 52 X3le= Asdd7dz=a &
HA 2lom o]0l I YR o]H =] vt HAARIAE
Z3He AP-1 familyE €/3313HO 24 NO % cytokine &
o] BulE fE3le AoE WaA UtiCorre et al,
2017). WFH, NF-kB2] 982 & skl pese Alxd
el & et= IkBarZt ¥4t JE| = A strhrt
ligand 2=l 93l kBag QI4FsIAIA i3l (degradation)
HH, p65E ) WE E017} transcription factorS 7NA1 g
O 2 thFe cytokine®] A FEFCI dHA ATt
(Liacini et al., 2002).
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Fig. 3. Effects of YBP on treatment anti-PRR antibodies on NO (A), IL-6 (B), and TNF-a (C) production in RAW 264.7 cells. RAW
264.7 cells (2.0 x 10° cells/well) were pretreated with inhibitors (Dectin-1, MR, SR, TLR2, TLR4, CD14 and CR3 10 ug/mL) for
60 min and then stimulated with YBP (5 pug/mL) for 24 hr. Bars with lower case letters (a-g) indicate significant differences between

groups (p<0.05) as shown by Duncan’s multiple range tests.
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Fig. 4. Phosphorylation of MAPK and NF-xB pathways by
treatment of YBP on RAW 264.7 cells. NC (medium) and PC
(LPS, 1 ng/mL) were used as negative and positive control.
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Fig. 5. Effects of YBP on the translocation of activated p65 in RAW 264.7 cells.
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