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Expression of Inflaimmatory Cytokines by Beta-glucan in Macrophage Cell Line

Mi Jeong Kim, Han Wook Ryu, Gye Hyung Cho and Ha Won Kim*
Department of Life Sciences, University of Seoul, Seoul 130-743, Korea

Abstract — Immune system can protect host attacking from a variety of microorganism and virus through innate and adap-
tive immunities. The innate immune system can be activated by recognition of conserved carbohydrates on the cell surface
of pathogen resulting in protection, immunity regulation and inflammation. Immunostimulating and anti-tumor B-glucan,
major cell wall component of many fungi, could be recognized as pathogen associated molecular pattern (PAMP) by C-type
lectin such as pathogen recognition receptor (PRR) of host innate immunity cells. In spite of many studies of basidiomycetes
B-glucan on immunostimulation, little is known about the precise mechanism as molecular-level. Among C-type lectins, dec-
tin-1 was cloned and reported as a B-glucan receptor. In this report, we demonstrated induction of cytokine gene tran-
scription by Ganoderma lucidum B-glucan in the absence or presence of lipopolysaccharide (LPS) by RT-PCR analysis. The
expression of murine dectin-1 (MD-1) on RAW264.7 macrophage by RT-PCR showing both the full length, 757 bp (MD-1c:)
and alternative spliced form, 620 bp (MD-1B). Both MD-1c and MD-1p mRNAs were induced by B-glucan both in the
absence and presence of LPS. To explore expression of inflammatory cytokines by p-glucan, RAW264.7 cells were treated
with B-glucan for 12 hours. As a result, the expressions of IL-1 IL-6, IL-10 and TNF-o were increased by B-glucan treatment
in a dose-dependent fashion. From these results, B-glucan induced transcriptions of dectin-1 and immune activating cytokine
genes, indicating induction of immune allertness by expressing dectin-1 and secreting inflammatory cytokines.
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FAFFA O gt AE TP F49F8YE AEE 3
?01] olg¥ A% W &4 9 &3 JHE JAAY

HAEQIT Pleurans 45 AFH $F, Aut &3] AA9x
A" A% Bo)x myeloperoxidase?] 7= SA514]
319, pleurane myeloperoxidase activityS o
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Z Uch. C-type lectins lectin 72 W) Ca®™ EA3}0] gl
3= JAXF-L(CRD)YE B3l BEA 579 dr3lEs) nhe
Foay AgA dukeS §E )5 fﬂoﬂxﬂi 3lods o

2 rlo
ek

e

L

X e

RS ROAY SR
FE} C-type lectins®] CRD U¥olli= EEAEQ EPN(Glu-
Pro-Asn) 483 QPD(GIn-Pro-Asp) A{€o] =4, o] 19=

el AHEOAE ¥l BR=E X8k ol 3l
2= o] HoﬂEo] 5]];]_ 7 Z=2)AF A= o]#3t C- -type lectin
& 7HAL glob HAA SR wheAel detE 9 Ao tis) &
o1& 7L Ytk ARe] BIEATEY o)gl= T, upeA
9] dectin-12 WEb-ZFFH) 72+ g3l 2 1“47 }‘:ﬂ- A “H
Ca* & gewm rs—m &g Wyl olje} EPN =2 QPD A9
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M2 dectin-10] ©}2 C-type lectin®] ¢1A8}A = CRDY
TR wol e Zo® 53 Ut @4RakE) welZ
T XS 842 dectin-10] FE2EFH oM Bapek
< thEF 28,000017 type II transmembrane protein® 2 C-type
Lectin®] A2 opm oAt DL 7Rx| a1 b0 Dectin-1
o] Al 9 Hdole ATt C-type lectin AAF G99 FeE
gy 9 AE Y- Jde]E lysosomal endosomed I3+ AE
WA AgAEE F2gse Al M 95211 AMdom| Al 2
715 7HA AL Q1?8 dectin-19) T-2A] Wloll= YXXL o)
A AER TAE 99 AR ITAM A9 7FaL 9leiA
NTE o Ad & F gl

2 ATelxE GAHAY HEL-ZF o] tlHE 285}
= 71e 7] st il wel2 5t e
dectin-10] *HEH QS-S B3] Fof] wWekFFg =
23] dectin-12] ¥o] ZVRIT ghgt), wEt A4 cytokine
o] S Mg o, Al T W cytokine?] W FAt
T 87l ¥ ustaal s

Mz 2 Uy

Mg 3 Alek
HEREF2RE A3 ANSE AR (Ganoderma ucidum)A1
e FHFZ 7MEEE31 553 T 39 oghe-2 7l

HAAA Bt o] UL A fgte] ARES TR
o §3iA171F AaEelsl B8RS AAS 7R
aem, A 5812 Cehe-S 73te] 7re A
Ao ALg3sttt. Lipopolysaccharide(LPS)*“— Sigma-Aldrich
Co.(St. Louis, USA) A&-& ARg3815ich. RT-PCReY ARE-¥ IL-
1B, IL-6, IL-10, TNF-a, TGF-B, dectin-1, GAPDH primer$}
cDNA 3dell A12-¥ oligo(dT)= Cosmo Co.(Seoul, Korea)l|
A A Zake] AFgak ek Cell cultured] AHg-%® Dulbecco's
modified Eagle medium(DMEM), penicillin-streptomycin®}
fetal bovine serum(FBS)E Gibco-BRL A& AML3IAT
(Grand Island, NY, USA). RNA isolation®| AF&-¥ Tii-zol
reagent:= Gibco-BRL A&E-& ARSI, cDNA 4 ARg-St
M-MLV reverse transcriptase(Moloney murine leukemia virus
reverse transcriptase)™ Promega(USA)A| &S AMg3H4t)
PCRe|| A28+ Taq DNA polymerase= Biotools(Spain) A&
ARZ3I31L, deoxynucleotide triphosphate(dNTP)= Cosmo Co.
AES ARSI

MizzHl Q¥

RAW264.7 AlE+= 10% FBSSF 1% penicillin-streptomycin®|
E%FJ DMEM #iA]ellA wjeFstsict. FBSE (Eshs BAA

5 BE8A3A717] el Aoll4 =3 ¥ heat inactivation
(56°c SHeA 3027 7H)sto] ARgsIgl o WA= 0.2 pm
membrane filter® &7} & AMSIGT), RAW264.7 A= B3
A A=Y 10 ml ¥iAlE 22 100 mm culture dishollA] Bl
a5ich AEZE 348 wl= trypsin-EDTA 1 mk 718l 37°C
oA 173 RRAIZIOEA Ha| MEE Felstal wjA] 5ml
S 21 YAEE(1,000 rpm, 35)E 3lo] AATE 3 A AL
S FeA] dAFel WE BAsIITh AlEE 37°C,
5% CO, #7104 wljekalsict.

RNA £2]

Total RNAT 6 well plate®] RAW264.7 cells= 8] %3}
LPS, PB, Wet-=F7H& A5t Tri-zol reagentE AHE-31od
2313t RAW264.7 cellse 1 ml9] Tri-zol& 22+ 6 well
plateo]] *2] ka1 2] W pipetting3le] cellsE lysis A]7] 1L
1.5m/ eppendorp tube(eppen. tube)el HZTH 0.25m/2
chloroform : isoamylalcohol(24 : 18 37|310] 1521t 50 5
31 ice AdollA 10483t incubation 3}z, 12,000 g, 4°C, 15%-3F
428 3Frt. Supernatantyt A2 eppen. tubeoll $A
32, RNAE FA@A1717] $18iA4 0.5mlS] isopropyl alcohols

L HEHA ESo] vk 2 F 20°ColA 30%3F incubated
3taz, 12,000% g, 4°C, 2077+ YA18a) 131t SupernatantS
A ABIL Hol 9J= RNA pelletS 75% ethanol2 1ml 3713t
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o washing St 8,000xg, 4°C, 15%¢F A4¥-7] sk
Supernatant® A 7|8k31 ol 91 RNA pelletS £7] ZollA
1057t H#F 1 RNase-free water(DEPC-water)ol] =411
-80°Cellx] BTt vet-257hs Helete] wdshe 4214t
o} A% 2944 RT-PCRZ S35},

RT-PCRO|| 2|8t mRNAS| &

mRNAS] ZZ2 Two step RT-PCRE 81911 M-MLV-RTZ
AHE3lo] RNAZS reverse transcriptiondtol ¢cDNAZ dHdshs)
t}. Final volumes 20 W= 3+ 0.5 ug/w oligodT), ddH,0,
25mM dNTE 5Xreaction buffer(75 mM Tris-HCl, 2 mM
MgCl,, 50 mM KCl, 20 mM (NH,),SO,, pH 9.0), 70°Coll 10
£7F denaturedA|Zl % RNA, M-MLV-RT(200 units)Z 3 7}sh
o] 42°Cel 1A17F E<QF oA AL, PCR program® IL-1p,
IL-6, TNF-a= 27 cycles, dectin-12 30 cycles, GAPDH= 25
cycles< A3} Tl Denaturation temperature 94°C, 30,
annealing temperatures= 55°C~65°C, 3073, polymerization
temperaturer= 72°C, 137t a13itth. 5% PCR AFE-S 1% &
T 2% agarose geloll A7195st5l o, A7|dF A9 e
band®] 7}E3= density 4 22 12Q1 Gel-Pro analyzer 3.1
(Media Cybernetics, USA)Z ©]&3&to] 73 °n GAPDH=
control® ARR-51IT)

Table I - Primers of cytokine genes used for RT-PCR analysis
cDNA

Direction Sequence (5'—3)

IL-1p Forward GCA ACT GTT CCT GAA CT
Reverse TTA GGA AGA CAC AGA TTC
IL-6 Forward ATG AAG TTC CTC TCT GCA AG
Reverse GGT TTG CCG AGT ACA TCT CA
IL-10 Forward CTG GAC AAC ATA CTG CTA ACC GAC
Reverse ATT CAT TCA TGG CCT TGT AGA CAC C
TNFo  Forward CGG GAT CCA TGA GCA CAG AAA GCA
Reverse CCC AAG CTT TCA CAG AGC AAT GAC TC
Dectin-1 Forward GCC CTG TGA AGC AAT GAA ATA TC
Reverse CAC ATA CAT TTACAG TTCCTT CTCACA G
GAPDH Forward AGC CTC GTC CCG TAG ACA A
Reverse CAC GAC ATA CTC AGC ACC GG

sy e <+— Dectin-1f

PCR) A48 primeres g4J381o] AME8FS13L sequencet=

Table I3} %t
Z 2}

LHA|MZ0lIM Dectin-12] U3

-8 A A EFQ RAW264.7 cellol| A WERZF7F &
A2l dectin-19] F&-S ot y] s AR Eelet
wleb-ZF2ko 2 12417 A3k Ty, mRNAZ Z2f5lo] ¢cDNA
= A8k ul-A dectin-1 primerE AFE-8R] RT-PCRS &
& 21319t RAW264.7 A|EoA3= full length form 757 bp
2] dectin-10.8} alternative form 650 bpe] dectin-1p 5+ 7}<] <
isoforme <13 4= U UTHFig. 1A). Dectin-lo$} dectin-la
= BT wel23zke] EARA 24T 4 vk a-Form™
B-forme xto} A2 dectin-lai= full length form© % C-type
lectin-like domain(CRD), stalk region, transmembrane region
(TM), cytoplasmic tail%] ITTAM(immunoreceprot tyrosine-base
activation motifyS 7}A1a 917, dectin-1f+= full length formei]
/] stalk region 29t splicing® HelE <A|3cHFig. 1B).
7¥4] isoforme F5- ITAM motifS F&] HANHES Jo7A

ATE A9 5 Ao

HE}-ZF 710 2J3 Dectin-19] &3 S}

2278 sEEE xelsla LPSE positive control®
ARgEle] dectin-19] &3} TLR-2, 4, -65 RT-PCRS EaliA
Felalgich. LPSE 100 ng/ml, HIEFZ57S 100 ug/miB 100)
7} 300 pg/mi(B 300y Ak 12417k Fofl RNAS -2
cDNAZ #4d3ki RT-PCRE S35t} LPS= 15 S794)
2] olutel] Ak AR oEM tAAZE ZEsHA Edst
A]# endotoxic shockd 23 4= §lt}, LPSE ©50F A
Pe 749 dectin-12] L&o| F7FBEA] QAR B 1007 B 300
Z7Rke g1k 4 ISla LPS9F MEE-F7E 100 pg/mist
300 pg/mie o] g 3¢ Weh-ZF0e G507 Xg

rlo

& A H1rl 218k RIEISITHEg, 2).
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Fig. 1 - Expression of dectin-1 mRNA by Ganoderma lucidum B-glucan on RAW264.7 macrophage cell line. (A) Dectin-1 mRNA was expressed
without treatment with B-glucan on RAW264.7 cells. Dectin-1a is the full length form and dectin-1B is the alternatively spliced form.

(B) Domains of dectin-lo and dectin-1B.
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Fig. 2 — Induction of dectin-1 by B-glucan and LPS in RAW264.7 cell line. The cell line was treated with LPS (100 ng/mJ) and/or B-glucan (100
and 300 pg/ml) for 12 hrs. After the RNA isolation, RT-PCR was carried out for detection of dectin-1 mRNA expression in 1% agarose
gel (A) and gel densitometry analysis by using gel-pro analyzer (B). GAPDH was used as control.

HE}-ZR710] 2|8t Cytokine| 28 B2 Az el whE velst cytokined] RHWFS AT &
RAW A| 3550l Wleh-25302 100 pg/mi¥} 300 pgmi& 718t o7t Slodch webx] Azt el tigth cytokine®] & el

o 1273t 2 wiFSt T mRNAS #2]310] cDNAE ke & B3I

Zo]] TIL-1B, IL-6, IL-10, TGF-B, TNF-o. 52| primerS A3}

o} RT-PCRS 88519t} 100 ng/mle] LPS EAI5 M5 HlER AlZHE Cytokineo| &hed oAt
7 100 pg/mi3} 300 pg/mis 7kete] FUs AL Sas) RAW MEFof HERZFIHS X7t 39 1, 12, 24, 48A)3F
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100 pg/mi} 300 ug/ml Aejol] ofsted z4zk 1o9wfe} 5,00 F7F AR Folle 139 SIS IL-69] AL 12417 Folle o
31tk TGF-p] F&fie 2k WUellA Apo)7h vpx] & =9 12002 SRIloH, 24413 Folle il S7HE HER
Sk 12 TNF-af] 332 Hek-Z52t 100 pg/mi7 300 pg/ 12A1RF Fofl A Sl ATt IL-109] 28 1243
m/ 2]l 5ol 13u09} 1480 F71etSIvkFig. 3). olzist A of A< AR WAHAOH, 24871 482 T AL ]
7h= RAW thiA| 0] BEE dectin-10] WER-EF300] A & FE0% A& 07 ddo] fA=%0c. TNF-ad] B9+ 12
St dectin-19] A2l Sl ITAME §3 84437 3o ARk Fofl HUiE veRiglov njeksiA S7leke S vt
2 Adeso] ¥t cytokine®] HHo] S7HE 07 oA iUtk 1224131 o) Fel = AAM3] sk on, 48A1%F el
Fig. 39 A= WEh-322be 1227 A2algls wlo) duje]  dixwe] FE02 BHAsICHFg. 4).
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Fig. 3 — Expression of cytokine mRNA by B-glucan treatment in the absence or presence of LPS in RAW264.7 cell line. The cells were treated
with LPS (100 ng/m/) and/or B-glucan (100 and 300 pg/ml) for 12 hrs. After the RNA isolation, RT-PCR was carried out for detection
of cytokine mRNA expression in 1% agarose gel (A) and gel densitometry analysis by using gel-pro analyzer (B). GAPDH was used
as control.
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Fig. 4 - Kinetics of cytokine mRNA expression by treatment with
LPS and/or B-glucan in RAW264.7 cell line. The cells were
treated with LPS (100 ng/m!) and/or B-glucan (300 pg/ml)
for 1, 12, 24 and 48 hrs. After the RNA isolation, RT-PCR
was carried out for detection of cytokine mRNA
expression. GAPDH was used as control.
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gk zel ARE gAY &R Saccharomyces
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Adel B 2435t Mieb-Z 27k AN A BT co-
stimulatory molecule®] L3S F7FA 7=, o= APCoA T-
lymphocyte(CD28HZ 2312 ¢85 ddsh=t] 7]oi83lth B7-
H19) 3 Z7H= Tymphocyte? FA0) A4 AN3E AT
B HERF S T AES] 84 9 AAlel] 25 #ofdg X
oJF ek

GRloN &3 HER-ZTFHE AAET Hsisls o,
IL-1p, IL-6, IL-10, TNF-02] f-dxpd@o] A==}, TNFa
o W07 Wol g Aol e AoE /ME 5
th 23t o] AFA el AR B ), T A9 AHEF
g ol ARl ZASH, Aol TNF-o8h IFN-y2] 3l
Z7VVdoR Ao FEF WERSF] ke gigt
2871748 AEE 4 vk E=3k Ho] v d7E e st
A, JRje F=25 Wel-ZFKRE SF7A anti-apoptosis &
= tpehl= A Y8 o® GM-CSF2 ) 723
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FH7kA| gzl Aol Qlshd, Ao FEe ER-EF L
& AR FRAEA & v ST St 3
Ao Thl ¥88-9) el o3l /ixEo] e, Az g ol
Jo = F9¥, tolllike receptor(TLRY: B2 893 vIBES)
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AR} vjorst B8 viehdith ANk TLRs7F YabA 2
2 ZARIZIRI NF«BS 848 F3f dofdth. TLRo] A5<
wrom adaptor proteind! MyD88oll A&t 3~ serine-threonine
kinase?! IRAK#} Atele] &4 AT S ALdehh® 18 wid,
HT A7Aztel o3k, olEst AlzAe AAZE FA|odM F
%3 wehgF71o] M) TLR-40] Agge) JsiMw
o] A= ARS gk ATE? Adaptor proteing! MyD88S:
E3 N5 AYERE 72 PIBK/AkSt MEK1S: S8 NF-
kB, ERK, Jun/FosE &/d37]7]i= MyD88-dependent pathway
9} IkK/TBK1, IRF3Z £3+ MyD88-independent pathway’| &
24 kS TNFo= dAIEe 71501y A2 F4, 23},
Apdel FEES vjAE AEH A 9RE-2) ARAR) vigljeltt, o]
£ caspase® BN OR APEE FEE % JAT, NF-
kB2t AP-13} 22 AARIARE 3t dAUZ o3 Abdg o
Aoz G5 S APAAE F= Ut

B Aol thAa ol dectin-10) TEH 3 0 H, WE}-
252+ Aol 23t dectin-19] o] TR Aol B
i}, vgo) wleh-a27te] 838 F7MI7IH dectin-19] Hd
T SokEe] SEs HadS RISk St W=t
of 2Jslo] Kt cytokineo] WHIEHARE £ IL-13 IL-69) 4
AL e FAsHA Skl tlEA R F71hke cytokine.
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