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ABSTRACT

Fungal B-glucan, known to have immunostimulatory and antitumor activities, can be recognized
by host immune cells as one of the pathogen-associated molecular patterns (PAMPs). Although
there are several reports on the diverse immunostimulatory activities of 3-glucan, little is known
about the intracellular signal transduction of 3-glucan. Stimulation of RAW264.7 macrophage
cells with B-glucan from Ganoderma Iucidum induced the expressions of dectin-1, toll-like
receptor 2 (TLR2), TLR4, and TLR6 at the transcription stage. Treatment with 3-glucan also

ﬂ OPEN ACCESS induced inflammatory mediators such as macrophage inflammatory proteins (MIP)-1a, MIP-18,
MIP-1y, interleukin (IL)-1B, and tumor necrosis factor (TNF)-a. Treatment of the cells with
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htps://doi.org/10.4489/KJM.20180019 polymyxin B, an inhibitor of lipopolysaccharides (LPS), blocked the induction of inflammatory
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mitogen-activated protein kinase/extracellular-signal-regulated kinase (MAPK/ERK) kinase
(MEK)1/MEK?2 inhibitor, led to a reduction in the induction of inflammatory mediators in a
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M2

o] e Aof] EAste] 920 HAN| AL} HkS-SHA| Fli= ARFAIQl HA| fal =2
o] FRE dHo] YA EAxFFH(pathogen-associated molecular patterns, PAMPs)2k1!
Btk oS el @R, W WeBRO] A B EAck 2YZ B-glucan,
flagellin, lipopolysaccharide (LPS), lipoteichoic acid, peptidoglycan, CpG 5©| HI= 12
gt =oldi{1]. ol21gt PAMPse]l thgsle] Whgoh= «o] Wilido] FEjlA-8A]
(pattern recognition receptors, PRRs)©|™ toll-like receptor (TLR), CD14, LPS binding
protein (LBP), mannose receptor, lectin'F 5-0] HIZ o7]of| s HTH2]. AYRES-2 o]5
PAMPs®} PRRs 2] A2 Q12|15 St ZF—’Oﬂ Ofsf) A%/ M Rkgo] ZHAI= AL, of7]ofl 71e
She tAAIE, SAVFAIE, 71 9] 5ol ofs) 2H]E= miziE ol AAE el
o]l B-cellsh T-cello] BHAISIR= A4 Be712] ololaicks)
YN Glycobiology) A o] 21 W1 Gl A2 Hofolck. Haet Fakat
o] i EHo| A= ofF -8Aet 2 /= £HsP |k skl 5HhE 5=
40717 % Fh4]. 1L FolA B-glucan2 B -D-glucopyranose THE 7120 2 SHFHA| T
R 7S 2= Sl H == Alt, T+, x| o] AE0] Al o] ZAfsk7 & jik. -

o

Glucan = ] ]E}E}‘q@hﬁ} 7)'6-& g3Yol=t, F EAFFS] zymosan i -2 749 213 A
o= Mg S FYSA7| 0 A mil 22 Q] AA8S FRITH5]. W, glucan phosphate
9}715"%&.}% RAEE] B-glucan> 2R AkO] A2 &A]S YR ™ At -5-9] LPSoF 22
2] Aol theh -5 S7HA17 1AL, A1) BE-2 7RIt 6]. B-Glucan®] 7]
T2 ARt Bo Ak, oF oA, ikt B A o] el thet Woj2k8-S vt &

24 A 7).

PAMPs©|| thadgt <7-0] §F-8-9121Q1 PRRs ] §F F-7<l &€ (lectin)> {H=2] E5Foll
w2, P-type, C-type, S-type, I-type. 22 LFFATHS8]. ©] F0llA] Dectin-1-= Z &4 a3}
£ UEH= C-type #E 9] 3t Zefjoltt. C-type HEH 7= 2E 15 Y Ca2+ Ol B
3}z Q14 FH(carbohydrate recognition domain, CRD) F-9]& 5ot 7ol o 2lit=
£ Ax[te = HAAN| = stog A A HHRE-& R SITH9, 10].

Dectin-1-> TLRY} 283t #at olu2} syk kinase2He S-S}, o]m] Dectin-1/Syk2}
Dectin-1/TLR2 A e 4G H2 = A2 Z514 0 2 2851 ]11]. Dectin-1< B-glucan®] 5~
BA=EAN AN AFFE A ShAY EARES ok, vR/gAAE
(reactive oxygen species, ROS)2] A 2 AFA A|EZIRIS] s do7]|7| % Shct,
Spleen tyrosine kinase (Syk)+= tyrosine kinase =24 B cell %} T cell -84, Fc 58415 &
A SHE-S HF o 24 2544 Huk-Zol a8 Ak g 12]. Dectin-19] -2
TLRZ &3t NFkBO| &2 7Kt EgE izt 2P Aol A Dectin-12%
TLR 9] @528 interleukin (IL)-122} tumor necrosis factor (TNF)- 2] 2@ t] S}
Al7]4, Dectin-1-= ROS 2] A ol = Trofsh=H], o]i= TLRO] 2J§F AEHFSoNA = dofid
TH13]. TLR= F3SF MyD8s-2]=2]¢l NF-kB ﬂiﬂﬂ ARE= myocardlal ischemia/
reperfusion injurys Y27|Z|Th PI3K/Akt ASHE2 HE2E-& YERATE Glucan
phosphate ] A 2= TLRO| oJgt &4 A25 A6k, PI3K/Akt Al29-2 /ot X]
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Th A2 HTH14]. Dectin-1 584 T2 O] A1 HQJo]| Qli=ITAM-like motif2] 15¥
A tyrosine©| Syk kinase 2 2145} H Dectin-12] A1 S 7Eo] 7HAHTH15].

Dectin-1-2 TLR ¥} §F85}0] QJubt ZA13} T cell 2] B}E G551 &= el 16]. A7}
2] Gl AR5 E=C TLR ITtofA = 138, rR-AE 1050] €A 9lon, B njAy
= QAG-8A| = A3 T ellM 5290 HES et TLRO| )IX[sh= 2RE=HE Z]
AFAFE LPS 5), Tl AR (flagellin) @} SAAER(DNA, dsRNA, CpG) 50| &aiA it
[17]. &% 7212 zymosan= TLR2/6 heterodimer®} BH-g-51] B34, Saccharomyces
£ TX Candida?s 922] mannane TLR4%} WRS3ICH18]. E3F TLR29} TLR6S
Dectin-17} 917 2185107 B -glucan®] A2 7go] o3t 19]. ol &% TLR22} TLR6
°] zymosan®| == O NF-kB7} @/J}=]|1l TNF- o 7} FH]==H| °]= TLR2%}
TLR6-2 heterodimer” | FTH20].

B AN = Ganoderma lucidum 212 8 -glucan©] THAM| EZF0J| 4| Dectin-12+ TLR
7O IS S5 oM, tiAA| oA B -glucan©]] Sfsto] Wdo] S71E= F57d wif
=221 macrophage inflammatory protein (MIP)#2} TNF- « 5-2 PI3K/Akt 7422} MEK
Ao =25 Zfote] W E-S HHl

FSEXZA A B B2 B2 Z(Ganoderma lucidum ASI-7004) AHAAo| A B2l £-
glucan =22 ARSI ARA] E2% AHEA| 1 kg2 w22kt Fof| 4= 8~12417F
= 9 ot SN S F50to] v Ful o] YellekEZ 71ste] B-glucan 8= AL ©]
H3]-5 DEAE-cellulose (Cl form) ZHol| SHT2 FAIR] 7, 3u[2] WolehE&-S 715t
13 g©] HAES AUrh 1152 g8 Sephadex G-100S ZF752 S7HAA AA5H] 1.8 g2
B-glucan 25 AUt o] E2-2 phenol-4HHT} Lowry-FolinFof| Sloto] 249t Axt
95% 2] T A|2} 5% 2] Tt = A& SRlstgl ow o] 285 2 A g ARESISIT

24 A1
LPS2} polymyxin B (PB)= Sigma-Aldrich (St. Louis, MO, USA) A& A5
PI3K AAAIQ1 LY2940022F MEK 1/2 SAA|$1 U0126 <IA] Sigma-Aldrich Al#-2 AFES

&t} RT-PCRO|| AREH IL-173, IL-6, MIP-1a, MIP-13, MIP-1y, TLR-2, TLR-4,
TLR-6, TNF-a, GAPDH primer2} cDNA 3Hdoll AR8-H oligo (dT)+= Cosmogenetech
(Seoul, Korea) A& AF8-5FAT. Secretion proteinQ] TNF- a & S7517] $lolA AFHH
ELISA kit2] OptEIA:= BD Biosciences (San Jose, CA, USA)ollA F15to] A1&51ct
Cell culture]] AF8-% Dulbecco’s modified eagle medium (DMEM), penicillin-streptomycin
T} fetal bovine serum (FBS)< Gibco-BRL (Grand Island, NY, USA) AlE-& AH8-o13ich
RNA E&]o]] A& TRIzol reagent+= Gibco-BRL A& AF86H L, cDNA @40 AR
IFM-MLYV reverse transcriptaset Promega (San Luis Obispo, CA, USA)AIE-2 AF-513

52 738t3|2| Vol. 46, No. 2,2018 - 163



Han Wook Ryu et al.

t}. PCRO] AR85F Taq DNA polymerase+ Biotools (Madrid, Spain) A& AR8-61 3L,
deoxynucleotide triphosphate (ANTP)+ Cosmogenetech (Seoul, Korea) A2 AHE-SATE

MIZ HHQF U RNA 22|
Mouse monocyte-macrophage RAW264.7 (ATCC, Manassas, VA, USA)S DMEM
medium®l] 10% GA2] B2A3K56°C, 30 min)AZ] AHOFEA(FBS; Gibco-BRL)Z}
penicillin (10,000 units/mL)-streptomycin (10,000 units/mL)= 347 Foto] AlTulQF SHA,
37°C, 5% BiF7 1ol A viFSISATt. Total RNAE 6 well plate©]] RAW264.7 cells= Hl|%Fo}
o LPS, PB, S-glucan= #|2]o}1l TRIzol A|2f2 AHg-oto] B2|5t3I Tt RAW264.7 cells=
1 mL 2] TRIzol& 212} 6 well plate©]] 2|5}l o2 H pipetting 51| A5 Eo)|A]7

1.5 mL tube® AT}, 0.25 mL2] chloroform:isoamylalcohol (24:1)2 Z7Fste] 1523t

=
al
S0} 1 ice AJolA 1027 BB} 12,000 xg, 4°C, 1537 Qe s}gie. A5t
l-?_
%

N

M2 tubeol] &7 B, RNAE IAA17]7] $J5l1A4 0.5 mL 2] isopropyl alcohol-S &
THA 5] FUk 15 -20°CollA4 3087  incubated 5F17, 12,000 xg, 4°C, 2027+
AR shglet A g AL Fot Y= RNA H%E-8 75% ethanol-S 1 mL 7}sto]
AIAIBIAL 8,000 xg, 4°C, 15127 YAHE] P eda A7 skal "ot 3= RNA H3d
=2 37] FollA 1027F 2311 RNase-free water (DEPC-water) ]| =%111 - 80°COf|A]
Hsteich

¢

RT-PCROf| 215t mRNA %

Two step RT-PCR= 5} 11 M-MLYV reverse transcriptase (M-MLV-RT)E A8} RNA
£ Jurfste] cDNAS sttt 2F F9E 20 L= Skl 0.5 pg/ul oligo (dT),
ddH,O, 2.5 mM dNTP, 5 x reaction buffer (75 mM Tris-HCI, 2 mM MgCl2, 50 mM KCl,
20 mM (NH4),SO4, pH 9.0), 70°C, 1027t =&/d2}FA%] total RNA, M-MLV-RT (200
units) S 71510 42°CollA] 1417 52t ARSI, PCROJ ARES primers= &7d51o]
ARESIAAL H714 E-2 Table 13 2ot

Conditioned medium®2| A=

6 well plate (total culture medium volume 2 mL)o|A] RAW264.7 cells& A< 1 x 10°
cells/mLZ seedingStal LPS, PB, (-glucan 300 pg/mL-2 A 2|5kl 6A|7F 12A417F, 18AI7H,
24|17 Sof| vt vl 2] S HLOoFA conditioned medium © 2 ELISAE 24510t 18]
LPS +PB, PB + LPS 9| %-%- LPSHY PBE 1 A7+ o]l ] A=fetarl 1 A7F Fof| thA] LPSH
PBE 2|51t} LY2940022} U0126-S 10 pME A 2]5to] Addstaich

ELISA 24

Coating buffer®]| capture ZAIE 1:250 2.2 545131 96-well plate 2] Ztwellof] 100 pLA] ¥
1 plate’S H5510] 4°Cof| A 51524t viFsI9IT). T2 coating buffers Al 75k 2} well
300 uL2] wash buffer= 31 A3 5, 200 ul/well assay diluent= plate-E blocking o}
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31, RTONA] 1A)7F S<t vljekslaint. Assay diluentE A|7A51L ZF welld 300 uL 2] wash
buffer= 3 A&l Tt 2t welloll FH]H standard 2} A =S 100 uLA Eo] 31 RT9l
A 2A1ZF B2t vieFstal, 2A17F F standard@t Al =S A|ASKL ZF well 300 pL2] wash
buffer= 5 A5} T}. Working detector (detection Ab + SAv-HRP reagent &5 1:250
07 SM% ZHE Zh well & 100 LA o] 11 plate S sealing$t & RTOIA] 1A]7F 52t
incubated SF3ITE. 1 A7t % working detectorE A|A5HL ZF well 300 uL2] wash buffer=
7t ?F 5, substrate solution (TMB substrate reagent set)= 1:12 401511 7} welld 100
uLA E 31 plate”} Lol &% 7] ¢ 5] RTOJA| 3047t incubated F3Att. 305 5 2]
well®f] 50 uL.2] stop solution (2 N H,SO, T 1 M H;PO,)= 20 17, 450 nmollA S8
= SIS 3% 22450 nm ] S°3%= 0] 570 nm 9] FFE WA A4S

Table 1. Primers of immune-related genes and TLRs genes

Accession no. . Sequence
cDNA (NCBI) Primer 5" —3)
F GCAACTGTTCCTGAACT
IL-153 NM_008361
- R TTAGGAAGACACAGATTC
F ATGAAGTTCCTCTCTGCAAG
IL-6 X54542
R GGTTTGCCGAGTACATCTCA
F GCGCCATATGGAGCTGA
MIP-1 « NM 011337
- R TCAGGCATTCAGTTCCAG
F GCACCA ATGGGCTCTGA
MIP-173 M35590
R TCAGTTCAACTCCAAGTC ACT
F CGGGATCCATGAGCACAGAAAGCAT
TNF-a NM 013693
- R CCCAAGCTTTCACAGAGCAATGACTCC
F GCCCTGTGAAGCAATGAAATATC
Dectin-1 AF262985
R CACATACATTTACAGTTCCTTCTCACAG
F TCGCCTGTGCCACCATTT
TLR2 NM 011905
- R CTCCACCCAATGGGAATCCT
F TCAGAATGAGGACTGGGTGAGA
TLR4 NM 021297
- R CACAATAACCTTCCGGCTCTTG
F GCGCCCTGGCCTTAATAGTC
TLR6 NM 011604
- R CAGGCATCCGAAGCTCAGAT
F AGCCTCGTCCCGTAGACAAA
GAPDH NM_008084
- R CACGACATACTCAGCACCGGC

The PCR for IL-1 3, IL-6, MIP-1 a, MIL-1 8, TNF- « was 27 cycles, that for Dectin-1, TLR-2, TLR-4, TLR-6
was 30 cycles and that for GAPDH was 25 cycles at the conditions of denaturation (94°C and 30 sec), annealing
(55°C~65°C, 30 sec), and polymerization (72°C, 1 min). PCR products were analyzed with 1% agarose gel
electrophoresis.

TLR, toll-like receptor; IL, interleukin; MIP, macrophage inflammatory protein; TNF, tumor necrosis factor.
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2 2

CHAIMIZ RAW264.70]IA B-Glucan $-24°1 Dectin-12] 2+

RAW264.7 cell (mouse macrophage)J|4] Dectin-1 ( 3-glucan receptor) 2] &S golH 7]
QoA B2 oA 23 B-glucans 12417F A 2]eh Thg, mRNAE E2lsiqirh. 22
mRNAZ cDNAES FAISIT vk~ Dectin-1 primerS AFE3SH RT-PCRS 55}
Dectin-12] &&-& E45}1Ic}, 71 23k RAW264.7 celloflA] 757 bp2] Dectin-1 a 2+ 650 bp
O] Dectin-1 8 5 7FA]9] isoform 2] &2 2151 THFig. 1). Dectin-1 a 2} Dectin-1 3=
D% B-glucan®] F~8A|ZA| 283 4= QJtt. Dectin-1 a+= full length form 22 C-type
lectin-like domain (CRD), stalk region, transmembrane region (TM), cytoplasmic tail?]
immunoreceptor tyrosine-base activation motif (ITAM)E 7}4]1l 2111, Dectin-1 8+ full
length form©{|A stalk region F-=%t splicing™ FEf= ZA|HCH21].

720 bp — Dectin-1ea

650 bp —» Dectin-1p

Fig. 1. Expression of Dectin-1 mRNA by stimulation with Ganoderma lucidum B-glucan in
RAW264.7 macrophage cells. Dectin-1q is the full length form and Dectin-18 is its spliced
form.

B-Glucan®i| 2|5t Dectin-12} TLR2| &5 .=

B-Glucans FLHE A2lelal LPSE Y thEo= ARESIO] Dectin-19] 'Idt
toll-like receptor (TLR)-2, -4, -6 RT-PCR-Z F5l|4] 215ttt LPSE 100 ng/mL, S
-glucan 100 pg/mL (B 100)1}300 pg/mL (B 300)2 A 2|5kl 12A]7F T RNAS &
5to] cDNAZS M5k RT-PCRS £38519th LPSE 1 A479] oJato) ZA5k=
integral component® W AJA|EZ 2] 7323t activatorZ endotoxic shock= -F4a 4= Ut
Dectin-19] 'F@2 LPSE T502 A2|S 749(172.3 AU, arbitrary unit)=

LPS
M Con LPS p100 (300 p100 300

Dectin-1

Fig. 2. Modulation of Dectin-1 and TLRs mRNA expression by B-glucan in RAW264.7 cells.
RAW264.7 cells were treated with LPS (100 ng/mL) and/or B-glucan (100 and 300 pg/mL) for
12 hr. After the RNA isolation from the treated cells, RT-PCR was carried out for the detection
of Dectin-1 and TLRs mRNA expression. TLR, toll-like receptor; LPS, lipopolysaccharide.
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(186.3 AU)2] Dectin-1 &7} FAFSHAAIT, B-glucan (1007300 pg/mL) # 2ol <]aiA]
= Z¥7F 19.7% (223.1 AU)2} 43.6% (267.5 AU)7F S715F5Lt. LPS2E B-glucan (1003}
300 pg/mL)S Al A 2I$t 7392 Dectin-1 B3-S f-glucans TH=0 2 22| P 739
Hr} 37F6lelthFig. 2). 1FollA At HYAle] oJoiA A= wred tiaAx=
cytokines< FH[5}AL A7 HA 5420 G3hS Sk=TLR-2, TLR-4, TLR-6°] 2]5fiA]
Hek-go] dojuA| k. B-glucan®] 2J6to] TLR-29] Téd-2 F =] 2] 929K OL} TLR-4
S} TLR-6-2 51 o4 0 &2 Wrdlo] Z71=| 9 ck(Fig. 2).

B-Glucan®i| 2[5t AtO|E7 1012t MIP-12| W& Z7t

B ] A2 WA ) SHAER: Wo] 2482 91.07]7] 9181 cytokine} chemokine
S Hrgdsto] Heuke-S G w5 Fck 124 LPS, LPS 9A|A12] PBL} B-glucan®] A=+
o]l oJallA] cytokineX} macrophage inflammatory protein-1 (MIP-1)2] 3712} Hrdof] 3]
Foki7] gfste] 6AIZE, 12417, 18417, 24A1ZH M2 LPS (100 ng/mL), PB (10 pg/mL)2k
£ -glucan (300 pg/mL)S #|2]5}a2l RNAE E2|5t] RT-PCR-2 53Tt SA] LPSSPBE
o] A2 7, 1 A7 o] LPSU PBS W] A2]atal 147} 5o thA] LPSU PBS 42
5190c}. LPSS} f-glucang TH=-0 2 2]} T IL-1 = 124]7F 0] 52 €] rdo] F7)

IL-1g {300
1 Kb M Contrel  LPS LPSHPE PEBHLPS  p300

1 Kb M Control  LPS =] LPS4PE PBELPS P 300 LP3

3

LPEHPE  PA+LFS

(B)
MIP-13 B 300
1 Kb M Control  LPS PR LPSHE PEELPS  p 300 [ PR

©

Fig. 3. Time-dependent modulation of cytokine and chemokine mRNA by B-glucan in
RAW264.7 cells. RAW264.7 cells were treated with LPS (100 ng/mL), PB (10 pg/mL) and/or
B-glucan (300 pg/mL) for 6 hr, 12 hr, 18 hr, and 24 hr. After isolation of the RNA, RT-PCR was
carried out. IL-1, interleukin-1; MIP, macrophage inflammatory protein; TNF, tumor necrosis
factor; LPS, lipopolysaccharide; PB, polymyxin B.

52 38t3|2| Vol. 46, No. 2,2018 * 167



Han Wook Ryu et al.

MIP=1y [ 300
1 Kb M Control  LPS P8 LPS4PEB PBHLPS p300 LPS ] LPSHPE  PRLPS
6 hrs

- — -

———— — — 0 18 hrs

(D)
TNF-a 8300

1 Kb M Comtrol  LPS PB  LPSIPE PBHLPS P300 LPS PE  LPSHPH  PB4LPS
=::I= m 6 hrs

12 hrs

18 hrg

24 hrs

(E)

GAPDH 300
1 Kb M Control  LPS P8 LPSHPD PBHLPS p300  LPS PB  LPS+PB PBHLPS

G hrs
12 hrs
18 hrs

24 hrs

(¥)

Fig. 3. (Continued)

F7VoE O W 24 AT e o] Al & A = QUek ERF LPS2F B-glucans FA0
Aot AlTto] A5 IL-1 5 2] Fdo] A52H8-& HolHA S7FskltFig. 3A).
MIP-1a, MIP-1 8, MIP-1y ©] 73 LPS®} B-glucans 6AIXFL 12A17HE 2 2]5}& o
2 o] S7Fsltdrt 18RI el A 71 gho] = S0 24 A7 ol A= At A= S
o} MIP-19] HE LPSC} B-glucans BA10 A2fshd A52he-& HolHA F71s1ltt
(Fig. 3B~3D). 3HH, TNF- ¢ H3 9] -9 LPS} f-glucane FAlo] 212|514 1241719
A TNF- o & 7P Bo| Easilar 71 52 A} H4513IthFig. 3E). TP TNF-a <A
LPS®} f-glucane 2o A 2obH d=5-2F-8-& eI}l o] A4S 5ol thAA 2= &
2HE LPSE A8 HeAT Hddshd 7Hy A AHuk-a-S d6te] TNF- a & 245t
T TNF- ¢ = MIP-17} IL-1 8 @S Gttty =) T3 LPSS} B-glucan®] 35
A g]of| ofsted o2 cytokine X} MIP-1 22 A5 HE-gof| Thofsh= Tl do] 5282 4o

- =1
O 3] Sk~
A el 4= Qliet

i

B-Glucan®| 2|5t TNF-q2| CHiH2! Bi5
LPS, PB&} 3 -glucan®] A=l Q]aljA] Tl S0l A TNF- o 2] ol el ot 7] $]
Sl 6AIZE, 12A17F, 18A17E, 24A17F 2 LPS (100 ng/mL), PB (10 pg/mL)2} B-glucan
(300 pg/mL)= A2 gt 59| conditioned medium .2 ELISA assay = AA5}3tt. LPS2}
PBE Zo] &g 732, 1417 Hof| LPSU PBE HA| 22|51l 1417 S0l TthA] LPSU PB
£ A=t
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HA LPS, PBS} B-glucans 24417t 212 5192 o, LPSE *] 2|2t w2 Tt (382.76
17.57 pg/mL)°| HI51 636.5% (2436.39 £ 28.51 pg/mL) 37511, [ -glucan=s A2t
TS 2] 204.69% (783.49 + 38.17 pg/mL) Z715FAtE. LPS®} B-glucane o] #|2]
Q0] 7L, 766.03% (2932.04 + 23.01 pg/mL) Z7F5HATh LPS 42](2436.39 + 28.51
pg/mL)°l| B3}, LPS2} PBS SAlo 425 18.9% (1974.79 + 56.45 pg/mL)7F 45}
At 12 o714 PBE WA A2kl 1A F LPSE A 2|3 -2 LPSLF PBE A9
2]t 7of| H|Gte] 67.4% (644.36 + 27.18 pg/mL)7} A4S $HA LPSE 1A17F HA
Aeletal PBE} B-glucans Wl A2fotale 749, LPSSF B-glucans o] Azt
sample?} A 0] H|Z=51A] TNF- o o] Hdo] Z71st{th. 121U PBE} B-glucan= 2] A<
27, B-glucans ©=0 & A3 wiel AL Zfo)7t g1, PBE 1AIKF WA A2]s}
I 1AZE 2 LPS®} B-glucans 20| 23t 74-9+=PB2} B-glucan= o] A3
Bt o=k 1.58) 7101 th(Fig. 4A). TAAIZOIA] 28] == TNF- o o] T2 IalskS 6,
12A17F, 18 A7, 24 A7 2 BR1519I Tt LPSE THE-0 2 A 2lal9iS wf 6 A7k ZFab
A7, PBYF HE0 & 2 2]5S wl= control@} 712 H|Z51A| =1t B-glucan
= T50= A5l the TNF- a o] o] ofehA =1, LPSt B-glucans 2
o] A2f5lele Ml 5282 LA 7oA o] H3ieh ERFPBL} B-glucans 2
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Fig. 4. Induction of TNF-q protein by B-glucan in RAW264.7 cells by ELISA analysis. A,
RAW264.7 cells were treated with LPS (100 ng/mL), PB (10 pg/mL), and B-glucan (300
pg/mL) for 24 hr; B, RAW264.7 cells were treated with LPS (100 ng/mL), PB (10 pg/mL), and
B-glucan (300 pg/mL) for time-course (6 hr, 12 hr, 18 hr, and 24 hr). TNF, tumor necrosis
factor; LPS, lipopolysaccharide; PB, polymyxin B.
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o] A2JsHAl = f-glucang =02 A2|5t%a wiet IS5 TNF- a 7F EA = Slot
(Fig. 4B).

MEK1/2 Axjof| 2[5t ALO|E7 19| Bad |

8 -Glucan A=< 2J3F Dectin-13} toll like receptors 2] 3-8 415 HE 2-8-0] MEK1/2 A2
OF ATE| =] FotH 7] flste] MEK1/2 SAIAIRI U01262 0 uM, 5 uM, 10 uM, 25 uM
S AHE31o] cytokinesTH TNF-a O] 5744 @Hel-g JobHgith LPS (50 ng/mL)e} 4
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Fig. 5. Inhibition of cytokines by MEK1/2 inhibitor in RAW264.7 cells. RAW264.7 cells were pretreated U0126 and treated with
LPS (50 ng/mL), PB (10 pg/mL), and B-glucan (300 pg/mL) for 12 hr. A, RAW264.7 cells were pretreated U0126 in various
concentrations (0 uM, 5 uM, 10 uM, and 25 uM) for 1 hr and treated with LPS, PB, and B-glucan for 12 hr. After isolation of the
RNA, RT-PCR was carried out; B, RAW264.7 cells were pretreated U0126 (5 uM) for 1 hr and treated with LPS, PB, and -glucan
for 24 hr. After isolation of the RNA, RT-PCR was carried out; C, TNF-a concentrations of the conditioned mediums were measured
by ELISA assay. IL, interleukin; TNF, tumor necrosis factor; LPS, lipopolysaccharide; PB, polymyxin B.
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-glucan (300 pg/mL)& A 2|5tal 12417t F-of| RNAE 22]5te] RT-PCR 519t} LPS$} B
-glucan= ] 2]517] 1 A17F Aol M U0126-2 A 2|5k 1 A7+ ) LPS2} £ -glucan2 #]2]
SHLE. IL-1 8, IL-6, TNF-a 2% MEK1/2 2AIAR] U01262 #4234 w, LPS, S
-glucan A 2|3E 79 of2|3h 3711] §2F sk = AR Ieh T13u U0126< 5
uM A3 o) 254 A5, 10 pM oVde] o= Azt o] A= ]lck
(Fig. 5A). 1AIZF Aol 5 uM 2] U0126= 3| 2]5kal 1417 &, LPS, PB, f-glucan= A 2|5}
11 24A7F o] RNAE #2561 RT-PCR2 F5l TNF-a o] 72} Id-S SRIstark
LPS, PB, 3-glucan, LPS + f-glucan, PB + -glucan 25 72} 2F&d o] ZhA-skal oA
S 315}t Fig. 5B). 3 MEK1/2 27} TNF- ¢ 9] o] 0] 2= ok ol 7] 9]
Slo] ELISA assay S Sofl <1512k U0126 0 uM, 5 puM, 10 pM, 25 pM-& AF&5}o]
TNF- o 0] Tl 23S QopE Itk LPS (50 ng/mL)2} B-glucan (300 pg/mL)S #1e]st
31 12A)7F 59| conditioned medium= XOFA] ELISA assay= ottt 44 @y} vl
SHA| 5 uM= A 2]6F TNF- @ 2] 3 o] A5, 10 uM oVd=& #2517 =¥ TNF- «
o] &rdo] JAE-S 2FI5ItHFig. 5C). [-Glucan A=l 2J3F Dectin-17} TLRs 2] 5-5
A&7 dPgofli= MEK1/2 7271 Hofstal 9le-2 & 5= AT

PI3K H{[A[of] 2fst AlO|E7 1] Ehed AA|

8 -Glucan AF=0]] 23t Dectin-12} TLR ] 2% A5 4dd Z-8-0] PI3K/Akt A=} A=)
2] goti 7] 9J5te] PI3K A1 LY294002-2 0 uM, 5 uM, 10 uM, 25 uMS A}-85
cytokines?} TNF-a 9] 5712} TS dolHkt} LPS (50 ng/mL)2t S-glucan (300
pg/mL)= A2[ekal 124]7F o] RNAE +2]5te] RT-PCR oF3it. LPS@} 3-glucans A
25l7] 6AIZ ol A LY294002-& 2[5kl LPSS} f-glucane AE]5HL). 1L-14,
IL-6, TNF- o ©] -2 PI3K SAA|91 LY294002-2 T4 23S W] LPS, 8-glucan®] &J5}
o] §A} o] uf- 7FoHA| Lolwdt). 12Y LY2940022 10 pM7HEA] A2 e o IL-1
B, IL-6, TNF- a 2] "I A AJ5] A6kl 25 pM O] s ollA= o] 2bds] A =]
Ach(Fig. 6A). 6A17F Ao] 5 uM 2] LY294002-& A3 2]511, LPS, PB, S-glucan A 2|3t 24
AIZE Zol RNAE E&]51] RT-PCRE 54l TNF- « 9] 5342 Hed-S SR1s19]T. LPS,
PB, B-glucan, LPS + (-glucan, PB + f-glucan 5% 47 pF& o] 744519t Fig. 6B).
T2 PI3K/Akt HZ27}F TNF- @ o] 'Aof B3] = F3FS Lot 7] #lote] ELISA assay S &
o) sFI5FITE LY2940022 0 uM, 5 uM, 10 uM, 25 uM-2 A}-8510] TNF- o 2] Thalz wf
AL dolEQdrh LPS (50 ng/mL)?} S-glucan (300 pg/mL)S A5kl 12417F Fo])
conditioned medium< HOF4 ELISA assay& oIt} -2 Ay} HIS=5H] 5 uM= A
2|5HH TNF- ¢ o] 'Héo] A6, 10 uM oVd=2 A 2]sHA| =|H TNF- ¢ o] E3o] t-%
TaEe SISt Fig. 6C). 18U PI3K SAIAIS A 2l5139S wl= MEK1/2 JAAIE
A2f5t3l& Wt cytokinesy} TNF- ¢ &] o] Aoz Fol52] ¢Sltt o= B
-glucan ZF=¢f| ]38t Dectin-13} TLRs 9] -5-& A1 &E 3 olli= PI3K/Akt 2 FHofo}
1 QIA9FMEK1/2 =7} B-glucan A=l 23t 5-5 415209 I ol o TofRittal of A
==
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Fig. 6. Expression of immune-related cytokines by PI3K inhibitor in a dose-dependent fashion. RAW264.7 cells were pretreated
U0126 and treated with LPS (50 ng/mL), PB (10 pg/mL), B-glucan (300 pg/mL) for 12 hr in cell culture system. A, RAW264.7 cells
were pretreated LY294002 in dose-dependent (0 uM, 5 uM, 10 uM, 25 uM) for 6 hr and treated with LPS, PB, B-glucan for 12 hr.
After the RNA isolation, RT-PCR was carried out for detection of cytokine mRNA expression; B, RAW264.7 cells were pretreated
LY294002 (5 uM) for lhr and treated with LPS, PB, B-glucan for 24 hr. After the RNA isolation, RT-PCR was carried out for
detection of cytokine mRNA expression; C, Collected of conditioned medium, ELISA assay was carried out for detection of TNF-a
protein expression. IL, interleukin; TNF, tumor necrosis factor; LPS, lipopolysaccharide; PB, polymyxin B.

PI3K 2|2t MEK1/2 K[| SA| 2{2|0f] 28t TNF-a2| el %15t

B-Glucan Z}=ol| 2]gt Dectin-17} TLR 9] 35 Ao E 2R8-8 dotR 7] $]siiA] PI3K <
AR LY2940022F MEK1/2 AR U0126 5 M-S A 2|510] TNF- o 2] thil 2l 2l
S ELISA assayS 3l ZotEtth LPS (100 ng/mL), PB (10 pg/mL), S-glucan (300
ug/mL), LPS + PB, PB + LPS, LPS + -glucan, PB + (-glucan, LPS + PB + (3-glucan,
PB +LPS + $-glucans #2|5k1! 24 A7t 59]| conditioned medium= HOFA] ELISA assay
£ ottt Zt sample2 A 2]o}7] 6 A7 ol A LY294002-2 A 2fskal A Fof U0126
= A2t ohE, 14K 50l ZF sample= 21 2[5HT}. WA LPS, PB2} f-glucans 24A417F
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A2)slA=t] LPSe B-glucans A2]t 74-2= control (1.72 = 0.81 pg/mL)°l| H|5}]
TNF- @ 2] ¥&o] 212+ 21.680(37.10 + 1.61 pg/mL)2} 4.48(7.53 + 1.13 pg/mL) 5715+
10, LPS9t B-glucans FAlof 2]t 739 o zwtol| Hal 43.94H(75.59 + 1.66 pg/mL) 57}
Sttt B-glucan®} LPS SAA|Q] PBE BA10f A2lohH S -glucan T A4 2](7.53 + 1.13
pg/mL)°]l BI5}4] 1.078](8.06 + 0.65 pg/mL) Z71513Atk. ESHLPSE 1AI7F HA] 225k
PB2} B -glucan= L5oll A 2|3t 21(35.05 + 1.30 pg/mL)°f| H|5t PBE 1A17FHA A2]o}k
I 1ARE Fofl LPS9} B-glucans Al A2]et Z4-9+= TNF-a 7} 76.9% (7.96 + 1.04
pe/mL)7F 45T PI3K A1A191 LY2940022F MEK 1/2 2AACT U0126S 5 pM-2 A
2]5}al Zt sample& #]2]SHH TNF- o &] 'ado] A=tk Fig. 7). o] Ad A& 55l B
-glucan A=9] It Dectin-13 TLR 2] 35 A1 574G 2-8-2 PI3K/Akt 4 22} MEK1/2 73
=27} o] Ao g o]l ofsh= A 0= AR, B-glucan®] AF=ol| ©siA] Dectin-1
& 55191 TNF- o 7} 3/3d wi= F A 27} 25 7ofskARF MEK1/2 =5 &3ll4 TNF-
a7} A3t o A}

]
o

TNF-a Conc. (pg/me)
N w 3 (4] [=2] ~ [=-]
© ©6 ©o © © ©o o
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Fig. 7. ELISA analysis of TNF-q by co-treatment of PI3K and MEK1/2 inhibitors. RAW264.7
cells were pretreated with both L'Y294002 (5 uM) and U0126 (5 uM) for 1 hr and then treated
with LPS (100 ng/mL), PB (10 pg/mL), and -glucan (300 pg/mL) for 24 hr. The conditioned
medium was used for the measurement of TNF-qa protein expression by ELISA assay. TNF,
tumor necrosis factor; LPS, lipopolysaccharide; PB, polymyxin B.

2y
A7) = WMo &S 2R a2 A 2AITE WojA] S A= ity
=, Ftof] 014 o]Ao] AYXARIEA 9] 7]50] Q= Ao =AM PEol= s

= A7t Akso] AX =L ok WY 2 A M2 immunomodulation)< H & H
SEAY STAIZ =4 WA thet B8-S 57t Ta= AAAZ 4= Qlojof it =
2t 715S 2 AR 51 Ql= =4o] HEE glycano|th O] SR
H TEAFEES glucan© 2Rl 5P, ThREO] Zw-7-0] A|ZE 3ol Q= thdAolH, Zot
FoF & ALo] o] Ao Al-gof o gttt TRt A=l Glycobiology) 2] A7 5] %18y
Ho=n Ao] 2t 2|55 215 2H8AIRA 382 Ao 7|HE= Edo|tH23]. 11
2t glucan Sol|A| o571 = SER|RE ol/d2] et RAR L Pl 7hs A glo s
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A BA714-S 8510 glucan®] B4 %2 siish= 2H4o] T Qs |k slt24).

B Ao ME Ganoderma lucidum©lX FE3F B-glucans TFPAO] THAA|EZZR]
RAW264.7 Al3zof] A5t ol B-glucan®] 58491 Dectin-19] W3 o] {I &l O™,
Dectin-17} @52 2 2F851= TLRF %<4 TLR2, TLR4 12]1 TLR62] ¥F&do] SV
<= 9ok T3t B-glucan®] A2je] ofste] A5 mi7i=d7<? IL-1 8, IL-6, MIP-1,
TNF- o 52] o] £X1E-& Sot9irt o Hoprta] & dAofl= B-glucan A o] 2]
St F3A4 w7 E-2] ¥Fel-8 PI3K/Akt 7 29} MEK1/MEK2 A2 g A 25 76510 il
HE 93} Macrophage inflammatory protein (MIP-1)< C-C chemokine | €] &=
CHal 2l = 4 S ok T AA ol 4] 2 =0l SEAE SR IXITHAL DA STk 25].

2% (adaptive immunity)-> Th1 §+-3-2] A4t os)] 7HAIH ). A3/ W o] Lofut
£ 5 TLR2 H YA o] -2 BALE QlAlght}, HRhE-2 TLRO] YA} 0 2 Hh-g-5}o]
71 %of) HARIZRRI NF-kB 2] /g% 5ol T 2/d bt ®dA| 2] Aol A|ZF=]w TLR
2 adaptor protein] MyD88°]| 233t 5, 0] % 2k-8-0] &S 94| serine-threonine kinase
ol IRAKY} AgSHH26]. Adaptor protein®] MyD882 53t A HGHZ = F 7Hx]|2
PI3K/Akt®} MEK 1-2 53] NF-kB, ERK, Jun/FosS SAISIA]7]= MyD8S-0&2] A z2e}
IKK/TBK1, IRF3E &3 MyD88-H| 9|4 7271 L2lA] QltH14]. TNF- a+= HIA| 9]
7V 5ol Mlaze] F-4, 25t AFde] YRS vlxli= AEH A HRG-0] A A1 ni7iAoch
O] = caspase & ST 0 E APES F e e QIA|TE NF- ¢ BLFAP-13F 22 FAR]
215 Fet vAUSo olsf| AFES Ao 2 AT B AIPAIZ Sz 9ltt. 5-Glucan
2= ©J8t Dectin-137+ TLR 9] 3-5 415709 2180 2§ TNF- o o] Idof ofol= 4o
At 7S Lol 7] S PI3K AAIAIQ] LY2940022F MEK1/2 2JAIAI2] U0126S A
2J5to] TNF- ¢ o] Tl &S Fofl okttt 72+ A= Afstr] 6ARt Zell A
LY294002-& #] 2[5}l SAIZE 9o U0126& A 2]gt Th, 1AIXF 3ol ZF Al 25 A 25t
A Avt LPS®t f-glucanS A 2|3 A|HE+= TNF- a 7} 5715193 LPS2} B -glucanS &
o] 2§t Al52] -2, A 528 TS HolH 57T PBL -glucans o] A
25| = GA] Bt F7VoE3IT PBE WA Afstal 1417 & LPSE A 2|5k =[H PB
of| oJ5te] lipid A AFEA7F AFE]o] TLRo|| Q]9 41571 7| 9] Zddo] E]] QroF TNF- «
o] drdo] 7HAgt A 0 2 A7HeTt. LPSE 1417 A Aokl PBE ol A5t 7
-, A2 AR 0 2 Z-85to] TNF- o o] Trdof ke & A o2 Azt 12U PBe} S
-glucanZ 2ol A3t 732, f-glucans 5.0 = A2|qlS wjel AL Zjo]7} glal, PBE
1A17F 2] Zelskar 1A17F 5o LPSE} B-glucanS o] A 2let A-$= PBe} B-glucans
o] e Rt 7 o). £ A4 Aakg Foll B-glucan A=l ©Jgt Dectin-137}
TLRE| 35 A7 2F8olli=PI3K/Akt HZLF MEK1/2 727} 5 Ao 17gof 3
ofsal Qlotal AARIH, B-glucan®] A=l J5iA] Dectin-1-% &5t TNF- a7} /82
= 5 H 27t L5 ISR MEK1/2 p 4 22] AP-12 53 A US| TNF- a A430
Fojglrha o AXIc)
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HAS 28-S vehdo] el QAR Al W Ao ddol Helixl= defrl vzt
A ode}. AR RAW264.7 A|32of| E= oA FE371 f-glucans A& stH=
of] A2t A= g1, toll-like receptor 2, 4, 6] Hdo] Z7HE]9lom, AE YolA=
macrophage inflammatory protein (MIP)-1a, MIP-1 3, MIP-1y, IL-13 12|31 tumor
necrosis factor (TNF)- ¢ &] Wdo] S71Ect. TS thAM|EF] E22%9] B-glucant}t
PI3K T+ MEK1/MEK2 SAAIE 272 A2fstgle wiof] Al Wie] MIP-1a, MIP-13,
MIP-1 v, interleukin-1 8, TNF- a &] W& o] ZHAE| A}, wheba] B2 %9] f-glucan< th4]
AJazofl A MyD889] =<1 PIBK/AKtE 772 {9 ofy2t MEK =5 &4sti 7o s
A TRt A 22 go] 75t o= o AR,

5

ACKNOWLEDGEMENTS

This work was supported by the 2016 sabbatical year research grant of the University of Seoul.

REFERENCES

1. Fraiture M, Brunner F. Killing two birds with one stone: trans-kingdom suppression of
PAMP/MAMP-induced immunity by T3E from enteropathogenic bacteria. Front
Microbiol 2014;5:320.

2. Chow J, Franz KM, Kagan JC. PRRs are watching you: localization of innate sensing
and signaling regulators. Virology 2015;479-480:104-9.

3. McKenna K, Beignon AS, Bhardwaj N. Plasmacytoid dendritic cells: linking innate and
adaptive immunity. J Virol 2005;79:17-27.

4. Schnaar RL. Glycobiology simplified: diverse roles of glycan recognition in
inflammation. J Leukoc Biol 2016;99:825-38.

5. Watzlawick R, Kenngott EE, Liu FD, Schwab JM, Hamann A. Anti-inflammatory
effects of IL-27 in zymosan-induced peritonitis: inhibition of neutrophil recruitment
partially explained by impaired mobilization from bone marrow and reduced chemokine
levels. PLoS One 2015;10:¢0137651.

6. Miiller A, Rice PJ, Ensley HE, Coogan PS, Kalbfleish JH, Kelley JL, Love EJ, Portera
CA, Ha T, Browder IW, et al. Receptor binding and internalization of a water-soluble
(1->3)-beta-D-glucan biologic response modifier in two monocyte/macrophage cell
lines. J Immunol 1996;156:3418-25.

7. Brown GD, Gordon S. Fungal beta-glucans and mammalian immunity. Immunity
2003;19:311-5.

8. Varki A, Cummings RD, Esko JD, Stanley P, Hart GW, Aebi M, Darvill AG, Kinoshita
T, Packer NH, Prestegard JH, et al. Essentials of glycobiology. 3rd ed. Cold Spring
Harbor: Cold Spring Harbor Laboratory Press; 2017.

9. Figdor CG, van Kooyk Y, Adema GJ. C-type lectin receptors on dendritic cells and
Langerhans cells. Nat Rev Immunol 2002;2:77-84.

10. Cambi A, Figdor CG. Dual function of C-type lectin-like receptors in the immune system.

&2 738t3|2| Vol. 46, No. 2, 2018 = 175



Han Wook Ryu et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Curr Opin Cell Biol 2003;15:539-46.

Rogers NC, Slack EC, Edwards AD, Nolte MA, Schulz O, Schweighoffer E, Williams
DL, Gordon S, Tybulewicz VL, Brown GD, et al. Syk-dependent cytokine induction by
Dectin-1 reveals a novel pattern recognition pathway for C type lectins. Immunity
2005;22:507-17.

Underhill DM, Rossnagle E, Lowell CA, Simmons RM. Dectin-1 activates Syk tyrosine
kinase in a dynamic subset of macrophages for reactive oxygen production. Blood
2005;106:2543-50.

Gantner BN, Simmons RM, Canavera SJ, Akira S, Underhill DM. Collaborative
induction of inflammatory responses by dectin-1 and toll-like receptor 2. J Exp Med
2003;197:1107-17.

Lee JY, Ye J, Gao Z, Youn HS, Lee WH, Zhao L, Sizemore N, Hwang DH. Reciprocal
modulation of Toll-like receptor-4 signaling pathways involving MyD88 and
phosphatidylinositol 3-kinase/AKT by saturated and polyunsaturated fatty acids. J Biol
Chem 2003;278:37041-51.

Herre J, Marshall AS, Caron E, Edwards AD, Williams DL, Schweighoffer E,
Tybulewicz V, Reis e Sousa C, Gordon S, Brown GD. Dectin-1 uses novel mechanisms
for yeast phagocytosis in macrophages. Blood 2004;104:4038-45.

Loures FV, Aratijo EF, Feriotti C, Bazan SB, Calich VL. TLR-4 cooperates with
Dectin-1 and mannose receptor to expand Thl7 and Tcl7 cells induced by
Paracoccidioides brasiliensis stimulated dendritic cells. Front Microbiol 2015;6:261.

Underhill DM, Ozinsky A. Phagocytosis of microbes: complexity in action. Annu Rev
Immunol 2002;20:825-52.

Roeder A, Kirschning CJ, Rupec RA, Schaller M, Weindl G, Korting HC. Toll-like
receptors as key mediators in innate antifungal immunity. Med Mycol 2004;42:485-98.
Gensel JC, Wang Y, Guan Z, Beckwith KA, Braun KJ, Wei P, McTigue DM, Popovich

PG. Toll-like receptors and Dectin-1, a C-type lectin receptor, trigger divergent
functions in CNS macrophages. J Neurosci 2015;35:9966-76.

Underhill DM. Macrophage recognition of zymosan particles. J Endotoxin Res
2003;9:176-80.

Heinsbroek SE, Taylor PR, Rosas M, Willment JA, Williams DL, Gordon S, Brown GD.
Expression of functionally different dectin-1 isoforms by murine macrophages. J
Immunol 2006;176:5513-8.

Tzianabos AO. Polysaccharide immunomodulators as therapeutic agents: structural
aspects and biologic function. Clin Microbiol Rev 2000;13:523-33.

Masuoka J. Surface glycans of Candida albicans and other pathogenic fungi: physiological
roles, clinical uses, and experimental challenges. Clin Microbiol Rev 2004;17:281-310.

Alaei S, Larcher C, Ebenbichler C, Prodinger WM, Janatova J, Dierich MP. Isolation

and biochemical characterization of the iC3b receptor of Candida albicans. Infect Immun
1993;61:1395-9.

Ramos CD, Canetti C, Souto JT, Silva JS, Hogaboam CM, Ferreira SH, Cunha FQ.
MIP-1alpha]CCL3] acting on the CCRI1 receptor mediates neutrophil migration in
immune inflammation via sequential release of TNF-alpha and LTB4. J Leukoc Biol
2005;78:167-717.

Chen HS, Tsai YF, Lin S, Lin CC, Khoo KH, Lin CH, Wong CH. Studies on the

immuno-modulating and anti-tumor activities of Ganoderma Ilucidum (Reishi)
polysaccharides. Bioorg Med Chem 2004;12:5595-601.

176 * The Korean Journal of Mycology Vol. 46, No. 2, 2018



