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Macrophage Activation by Polysaccharides from Korean’s Commercial and Traditional Soy Sauces
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Abstract

The varying characteristics between Korean's commercial and traditional soy sauces may be initiated by raw materials
and fermentation techniques such as the koji and mezu process. We have examined properties of polysaccharides isolated
from two different soy sauces which were made by the commercial process (CSP-0) and the traditional Korean process
(KTSP-0) as well as their macrophage activities. Two polysaccharides have not effected the RAW 264.7 cells viability. The
effects of CSP-0 and KTSP-0 on RAW 264.7 cells were demonstrated by the production of nitric oxide (NO), and reactive
oxygen species (ROS). The CSP-0 and KTSP-0 significantly augmented NO and ROS productions by RAW 264.7 cells
under a dose dependent manner. However, the activity of KTSP-0 was more potent than that of the CSP-0 at 1,000 pg/ml.
The productions of IL-6 and TNF-a were determined by real-time PCR and ELISA. mRNA expression levels of IL-6 and
TNF-a by KTSP-0 at 1,000 pg/ml indicated 63 and 71 times higher than negative controls, respectively. Also, the production
of IL-6 and TNF-a by KTSP-0 at 1,000 pg/ml showed 32.1 and 4.5 times higher than those by the CSP-0. To assess
phagocytosis activities, the effects of CSP-0 and KTSP-0 on mRNA expression of Fc receptor I and II (FcR I, II) are being
determined by RT-PCR products. Only the KTSP-0 showed enhanced expressions of mRNA expression for FcR I in a dose
dependent manner, whereas the CSP-0 did not affect either the FcR I or II expressions. The above data lead us to conclude
that the macrophage activations of Korean traditional soy sauce polysaccharide are higher than that of the commercial soy
sauce polysaccharide.
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M =2 2} o 4] H EZ(macrophage), A+ A A ZNK cell) 59 HE
AliZ50] TofgttiHoebe 5 2004). AHH A oA AL
HA= A WA AdH oz BASHAY RAR = o] 7|59l 27| W55 E3dh= A Z+= lysosomeo]

oA 71%1% 2+E o] BdE AlATEA AA| 2] dd (home- 9ot &S A2z A 22 WollA FAZRgo] fAdstar, Ad
ostasis) & FAIA7]= APALGLE o digt Eolidoll WYy THAS 2F st HGA| |tk AN E 1
wh2} X2 & (innate immunity, nonspecific immunity)¥} &3 o] 7|A3 BelE S8 n|WEL 05T A s g
Y F(adaptive immunity, specific immunity)©.2 “-E-% THHoebe Al Zg 914] 4~gH|(endocytic pattern-recognition receptors) %

5 2004), MRS o] HSEAo| T WA Uolfs  WelAo] BHBE 2YSHE A5 A A4 S8 (signaling
Hlgo|n, o Hu}; duky} e 58 F wojuk o] Qo= HA| pattern-recognition receptors) 2 U= 4= 31T Arancibia 5 2007;
Al(complement system) E-A]3}o] F7 2 (alternative pathway) Booth 5 2007). <, g4] Hj9l 214 8o 214H o &
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Z-E A A Z(phagocytes)oll o5t A=, AS sfE <l
Al 2EA o 14" EAE2 TNF-¢, IL-18, IL-6 ¥ IL-12
2L hFet cytokine S-S Ao M AFEY @ 1
A Ao L AAXE Stz ZHE A2 E/d3te] Tt
ThH(Arancibia 5 2007; Booth 5 2007). o3t HY ¥
S-S 233t 3 A A] Al E(antigen presenting cell; APC)
7} 4TSt cytokine W - AA] A Z2RE LS AA
ke ®H 2 TAZ7} YAkst= &Y Eo]3 cytokineo] 2J3}
o] ZA = o] ZtH(Arancibia 5 2007; Booth 5 2007). t]29]
A A Z = ufjo} QB (embryogenesis), AF# ], apoptic cell
o] A|A, ZEA|E ZA)(hematopoiesis) T+ T+ ZZ o] AF
doll= Fojsh= A= AA QlrhLingen MW 2001; Klimp
= 2002).

HPFE FUEE Axsh= da 2r|E<1 7HHsoy sauce)>
o ABL A7 QAL YEAEOE Salte] 4R
Slol| A Fa8HA AR o, H7bol tht Tilo] S7ket
of me} MAAH = AHERA7E WolA 2L 3ltk(Yokotsuka T
1986). 7H-S Zu|R 9] 7% 0|90 E. coli O157:H7¢| gt
St A (Masuda 5 1998), angiotensin I-converting enzyme(ACE)
oA &A(Kinoshita 5 1993), & A A FA(Tsuchiya
5 1999) W 7HAo) $-3-F 4-hydroxy-2(or5)-ethyl-5(or2)-methyl-
3(2H)-furanon(HEMF), 4-hydroxy-5-methyl-3(2H)-furanone(HMF)
oF 22 7] doll o3t ¢ Ed(Benjamin 5 1991; Kataoka
T 1997)5°] ¢RI BAo] HFHIL v} B ML &
24 7P (Shoyn) L 25 E Fojdl tjgo] R g FX &
THKobayashi 5 2006), & =27] A A3 anti-allergic effects)
(Kobayashi 5 2004), ZH3+H Y 33 &A)(Matsushita 5 2008),
macrophage & lymphocyte 7]% £ & IHMatsushita 5 2006)
59 7150l HuH7|E st @A AlHEEs tfFEe
AYE S A A E 21 T2 YRR 5t 5%
olfol o WASH= koji WA LR THEOA L =T,
Juete] AF AHA Y B, T 9 ARgstaL,
2 Bacillus subtilis S A|¢-°f &3] YdaEE= HF YRz
AzxHER 48 13T A5 1 elle 98, A=TH4,

oo o |

Z}zpol| A @olxl 7HF frff thdel EAE Aol AL 4
Ardthlee 5 2009). 22 A 52 AUE F2HgT A
A o2 RE v gt kst EA9 Aoldt
7 RAA AL vwE vie rhPark 5 2012). wiebA] 2
AFoAe dEACRE wEofZl 498 Ha evet
AEHA o2 ghEol7 A4 PFo 2 RE dojF tige]
HAAEZ S-S Bluste sy vt AF A
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2 Aol AREE U8 TS I ‘A’ A E(Korea) A
E = ) 5(Ghrine max)}y W(Triticum aestivum) I+ ARE-51o]
koji 402 WHECR 100% FEWFE oY FEESIA
Fostol AHgsiR o, Selte A B HE &R
of &t FHF A AFAF A=A L AFAF
(Korea)ol 4 HEFHOZ A% U 54T 2HIFS 74

sfol R8stk
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F2He) 2P 100l HFEE7E 80%7F H =5 o 4ujj 9] of
A7rete] s AR &, f4221(6,000 rpm, 30
bl AABS Aghow], of7]e] 23 FRAF 7Foto]
B3 Aeafsty, AFEE oF 60%7} =2 269 ofet
29 Whste] AR AHEL Aol B BARE 37
o] L83t T} dialysis tubing cellulose membrane(MW
cut off 12,000, Sigma Co., St. Louis, MO, USA)S 0|83} 2~
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3. RAW 264.7 MIZ0]| CHEF SM =X

Mouse leukaemic monocyte macrophage -2 A|3Z321 RAW
264.7(ATCC® TIB 71TM) A|Z u]= American Type Culture
Collection(ATCC, Rockbille, MD, USA)o4 HEoFdtol 10%
FBSE 353t MEM H]| X](Welgene Inc. Daegu. Korea)S 37C,
5% CO, v g7]of| A Hjgsto] Ao AME-SHTE. RAW 264.7
HEZE 2.5%10° cellyml] MEZEE2 2435 3 96-well microplate
o 100 pt¥ £33, 2F FE] A 2E 100 wA] A 2fsto]
37 wekelgom, A% YRS 245}r] 918 CCK-8(Cell
Counting Kit-8, Dojindo Co. Ltd., Kumamoto, Japan)< A ZA}
o] Ao weh ALgarAT

4. Nitric Oxide(NO), Reactive Oxygen Species(ROS), cytokine
MAls &F

710 AAIE BHOoZ A5 24A7F vieFsEaL, 900 mpm,
4TCo|A 58T AHE T NZ vjFAZ 3]poto] s g
% AJ4HE NO, ROS ¥ cytokine AJ4bsS ERIstATh Al
uljoFol ) 2] NO+= Griess reagent(Promega Co., Madison, WI,
USA)E o|-&, A=A A3 w2t S4st%ich A= he
ROS+= 2',7'-dichlorofluorescein diacetate(DCFH-DA, Invitrogen,
Carlsbad, CA, USA)7} &A] AkAof 9J3) 2',7'-dichlorofluorescein
(DCFy& 3438t B o8, Wi $9 Al 10 M9

DCFH-DAE Z7}ste] 2417F Bt w7l 3, Al 83
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AA Aol FB3zEe §3t=A 7| (Victor-2, Perkin Elmer,
Wellesley, MA, USA)S ©]8-3}| excitation 450 nm, emission 530
nmol 4l 2743kt AE wjoFel We) IL-6, TNF-ai= ELISA
kit(BD Biosciences, Co., Ltd., San Diego, CA, USA)S ©]-&, A
2Ape] Ao wret ZsHct

5. RNA =& 9 First-Strand cDNA &M

RAW 264.7 A|ZZS 1x10° cellymle] MEZH=2 243 &
6-well microplateo]] 1 m¢# BF3131, ZF =9 A|I85 1 ml
) Aleheick. 4X17k wjoket 5 wjof AFSohS A5}, PBS
2 A& & Trizol reagent(Molecular Research Center Inc., Cincinnati,
OH, USA)E o|&3] total RNAE F=3}%c}l First-strand
cDNA 3-8 1 g9l total RNAS ARE5}o] Revertaid first
strand ¢cDNA kit(Fermentas., Ontario, Canada)E ©]-&3}o] A=

ARS] Aol ket sk

6. Real-Time PCR

Real-time PCR2 SYBR green supermix(Bio-Rad, Hercules,
CA, USA)E AR5} AL, CEX96 real-time PCR system(Bio-Rad,
Hercules, CA, USA)S 0|83} DNAE FZ31%t} Primere=
IL-6(sense, 5'-CTGGAGTACCATAGCTACCTGGA-3"; antisense,
5'-GTCCTTAGCCACTCCTTCTGTG-3'), TNF-a(sense, 5-TAC
TCCCAGGTTCTCTTCAAGG-3'; antisense, 5'-CTGGAAGACT
CCTCCCAGGTAT-3"), GAPDH(sense, 5'-AACTTTGGCATTGT
GGAAGG-3'; antisense, 5'-ACACATTGGGGGTAGGAACA-3")
£ BioneerAHDacgjeon, Korea)ol| A A Zste] 10 pMo] =2
uk2 519t} PCR 2712 95 C-35(27|¥A)sh1, 95C-30%
(A, denaturation), 60C-30Z(Z2 S, annealing), 72°C-30
Z(HAHEE, extension)Z 393] B2 DNAE FESIFoH,
melting curve £412 ZZ314 & 95C-10%, 60C-5%, 95C
1020 2740 F B T mRNAY] WL 27 S
ol gsto] Haalelr.

7. Reverse Transcriptase-PCR(RT-PCR)

RT-PCRE Taq DNA polymerase kit(Komabiotech, Seoul,
Korea)E ©]-&, ¢cDNA 2 (0, 5 units/il Taq polymerase 0.2 /0,
10xTaq PCR buffer 2 0, 2.5 mM 10xdNTP mixture 1.6 10 2
10 pM primer 1 @& 43, 542 AAE 20 10 %H3 PCR
227 PeE mRNAS) FAL SIS Primer A71A
F-& Matsumoto 5(1993)2] AF+& Z135}o] ANE3SIRT) Fe
receptor I(FcR 1)9] &S $J3] DNA thermal cycler(Takara
bio., Shiga, Japan)E ©]-&3}] 94 C-58(Z27|HA), 94TC-30%
(A, denaturation), 63 C-1E(Z &S, annealing), 72 C-1&
(S-S, extension) 2.2 253] ZZ & 72C-102(A A3

2, re-extension) &2 1}F o, Fc receptor II (FcR 119 &
L 94C-58(27]HA), 94C-18(HA, denaturation), 57C-1
B (A, annealing), 72TC-18(AAHHS, extension) 2 2
333 ZZ 3T N2C-102(A9AHE-S, re-extension) S 2 THE
t}. PCR 88 AFE2 GelRed™(Biotium Co., Hayward, CA,
USA)E Z 33t 1% agarose gel AoflA A7) 53 T Gel-
doc system(Bio-Rad Lab., Hercules, CA, USA)oAx £¢a4
W Wl wle AFesch

8. SAIXzZ|

A8 A 7= IBM SPSS statistics 21(IBM Co., Armonk, NY,
USA)E o83t B AFstglon, e 54 &= dit
% H(mean) 7} ¥ HXstandard deviation, SD)E EHA AT
AlE ZH Y AR TR {Fo3 Q) Aol p0.05 oA
Duncan’ test Y¥ujx] EALE Aoz AA)519T)

2o Y DR
.2 el CHEel siety 84

=2 1

1 S

AAE T A A 1H S
A2 AR=l o8l WEE Park 5(2012)] Rl 5Y 2
T2 Table 19 Ut v} Aok A8 1ol A ozl
TFH(CSP-0)2 54T 64.2%, AHT 35.8% 0.2 FA =0 3l
o, A2 7 2 FHKTSP-0)2 ST 73.5%, A
F 25.5% 02 A= At KTSP-0= AAA A A9
AR 9= Eolitel Kdo(2-keto-3-deoxy-D-manno-octulosonic
acid)7} w2k A= Qleh. T3t CSP-0 U KTSP-0S 7}23)
3o alditol acetate F-=A 2 HAEstal TS B35 A7
T 7Y AR BF 959 ATl 4L, KTSP-0
oA iAoz AT FFol A UEsT

2. 28 |l ChEel RAW 264.7 MIZE0H| CHSH A&k

A 2= HAA 2L E st QAo BE 22O &
Zste] WA Fa% 4TS gFste AHHEGA Y o
FHQl AjEZolthCao 5 2008). AUHZ Qg vlolH A, Al
o 5ol Y3l 2493t =W A A A8 (phagocytosis)= 53N
A Q] BLAE AASHHRipoll 5 2008), A= =2
(inflammatory mediators)& EH|5}AY T A2 9] EA3S &
Lok T A A4S}l 7] of3tth(Jiang 5 2008). E3E,
23t A A= cytokineS AASHe] HIGAT AlE, Al
Lo AZY Al 52 AAs=H 583 98 54,
Class I MHC proteing Al FHo|| @dste] HX TAES}
A5 A= 0|27 % Frhliang S 2008). THEFA hAA]
EE ARG B ozl SR RS GAME Erlo|
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Table 1. Yields and chemical properties of CSP-0 and
KTSP-0 isolated from Korean’s commercial and traditional

Soy sauces
Chemical composition CSP-0 KTSP-0 (%)
Neutral sugar 64.2+2.7 73.5+3.6
Uronic acid 35.841.7 25.5+0.6
Protein - -
Kdo-liked material” - 1.140.6
Component sugar” (Mole %)
Rhamnose 6.6+0 9.2+0
Fucose 6.1:0 7.5+0
Arabinose 4.5+0 2.9+0
Xylose 15.6+0 12.7+0
Mannose 10.9+0 18.2+0
Galactose 18.0+0 15.9+0
Glucose 2.4+0 7.1£0
Gaiacglllrl‘;?l‘rz n?c N 358417 255406
Yield 53 g/l 10.7 g/ ¢

Y Kdo means 2-keto-3-deoxy-D-manno-octulosonic acid.
? Monosaccharides were analyzed using alditol acetates.
% Mole% was calculated from the detected total carbohydrate.
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Fig. 1. Effects of CSP-0 and KTSP-0 on viability of
macrophage cell line RAW 264.7. CSP-0 and KTSP-0
were isolated from Korean’s commercial and traditional
soy sauces, respectively. All cells were incubated with
various concentrations of CSP-0 or KTSP-0 for 3 days. The
cytotoxic response of these cells was measured by a cell
counting kit-8. Data were expressed as % control and
represented meantSD of three separate experiments.

A%

A FGFA

>

RANA FAY WelA NE7} R QAT 5 =S E
1= antigen-presenting cell(APC)Z24 2] &= 43§35ttt
(Unanue ER 1984).

FAE 1 9 A e sRE 23 thdo] RAW
264.7 A|3zo] mA = FFS =gt Z3KFig. 1), CSP-0 4
KTSP-0= 2% A E]E X 10~1,000 pg/mlol A RAW 264.7 A
o] tft S-S YeEhA ated, E3] A4 1HelA
23k ThHKTSP-0)2 1,000 pg/ml M 2] A] 9Fzhe] A|ZZ2]
W} Qe Ae shec

o ML

3. RAW 264.7 M|Z2| NO, ROS A OJX= 2t §+
2l Ctekel sut

nitric oxide(NO)+= ¥Hg-4go] &2 A &z F9 skt
2, AkaY superoxideo]] 2]} N,O;, NO,, nitrite L nitrate 5-2]
QA3 nitrogen oxideZ A E-E tHGross & Wolin 1995). NO=
NO $HA] & 4Ax(nitric oxide synthase, NOS)o]| oJ& A|E Uj<Q]
Larginine © 238 HSol2m, A P44 SAE U3t
endothelial NOS(eNOS)£} neuronal NOS(nNOS), &4 1A}
o o} AAFE= inducible NOS(INOS)E E-55 th(Stuehr DJ
1999). £3] iNOSo|| &3 BAitE= NO= YRE2RE FUH
FUANZEY AAS Wolstd] ZaF GTL shul, 23
A A% 4% 49 D g WHT Aol Y= AOR T
Z )thKroncke S 1998; Ohshima & Bartsch 1994).

A AbaF(reactive oxygen species, ROS)2 A|EZ o] A]
Aitels EAE, QA W= Hlold Ay Aldt 59 25 Y
A 9 YREHo] AYstH et WY dFReS F
ot 1 £ RIA|EZ 9] AR Z(oxidative burst)2 YA
AAsH=d Bl Wo=z, A AL ROS F4E 57}
= olgd YREES AASH] St T8 71HeE diy
31 QJtHNewman SL 1999; Guinazu 5 2010). T3+ ROS+= 2IA]|
YRo|A dAgst= MEZ =HE D v NEZE AAS=
A} T Az} IAE A7F WA ASS Wojdirtta By
31 QJthHultqvist 5 2005; Hultqvist 5 2006; Gelderman %
2007a; Gelderman 5 2007b; Hultqvist 5 2007).

AR 7P 0 AR A 20 e theRt SEw
A 2|5ko] RAW 264.7 A|Z9] NO AH4ks-2 5437 2t CSP-0
£ 1,000 pg/mt 2] A th2FETE NO AY4ko] oF 5
92 1kFig. 24), 1 olstel RSN $e112 Rol7 5
itk W, KTSP-02] 749, 100 gt Az) A] ek o
9ul, 1000 pgmt A A o 100 F7Aete] S SEH o=
NO Abe] 7HEE SHIT 4 9IStk E4 ROSS) Ak
(Fig. 2B)-& CSP-0 @ KTSP-0 5 T A4 Z 2 HE ROS YA
<= S7HF T Z22u CSP-0&= 1,000 pg/mb A2 A] tat
stk oF 14u) Z7Ha uhE, KTSPOS 1,000 ugnt 2] A] oF

m
=

i
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Fig 2. Effects of CSP-0 and KTSP-0 on production of nitric oxide, NO (A) and reactive oxygen spieces, ROS (B) by
macrophage cell line, RAW 264.7. CSP-0 and KTSP-0 were isolated from Korean’s commercial and traditional soy sauces,
respectively. All cells were incubated with various concentrations of CSP-0 or KTSP-0 for 24 hr. The level of NO in the

supernatants was determined by Griess reagent. ROS was measured by 2°,7’-dichlorofluorescein diacetate in the intracellular

ROS. The data were expressed as mean+SD of three separate experiments.

1.88) Z7}8te] KTSP-07} ROS AJAte] £4:3F Gk n|2 =

o2 HEHY olyet AAE T3l AN ¢ F o
FHKTST-0)= AA-& 7 2 chFH(CSP-0) ot thA] A=
ZHE NOL ROSE| A §=3lo] HY7)% 43k 7]
o3 7HsAdo] ol FAEU

-

4. RAW 264.7 MZ2 AHAL

s &3

HANz2HE EH|=E= oheFs cytokine
9] 7|e2d Aadg Fa% TS st H*é
A2, WA EZ 7+e] B3 cytokine networkS A dte] W
A AA 9] vhg 9 masle] TR LA ATkStarr
5 1997). 3L, TLR(toll like receptor)o]] HFH-&-sl= EZ(LPS

o A ﬁg>~ A ES Bsiete] THIZS} BAES] 2

| IL-6, TNF-a mRNA g5 ol

)
C—
1

A, AF A4S 9% PARES) B4, g el o
o ol 5o 27 WAL =AY 4 Gl IL-L, 1L,

IL-10, IL-12 ¥ TNF-a%} Z+2 cytokine S AJAFSThl e A
SIThWang 5 2003). IL-6= 7o} Z2&o] The wel =
FRkolx] MRS Fad e AAEELR 11, TNFa
Sol 3l IL-69] §4 Wo] ATe|o] BHAE, 44
=, 700 AZ Sol o) AAtEn], 34 9% g
AA|5H= Aoz &aA] glthHamilton & Adams 1987). E3
TNF-ate 92270] o5 A4 4% A4 cytokine 2,
A WeluhS oA BEA F& IL1 53} 2 cytokined} £
FHom 2gste] o) WUL SANA Ao 3
oF TS SUSAY nARe] o A RS FAA

1 Es

Atk B E|o] QIth(Visner 1990)

RAW 264.7 A|3zof| 774 ) o2 AEete RNAE &
£, real-ime PCRE 4=8)3}o] IL-6 @ TNF-a] AJata} @2is
mRNAQ| TS SAsIA o A vl o] IL-6 %
TNF-a9] 4HE elstaint. A9 178 73l o CSP-0
£ 1,000 pg/mé A2 A] IL-6 mRNAQ] Wgeko] A4 27
of "l of 9.78) F7FstH o, olete] FEoA= FRE
AT S717F FJAHA X E o (Fig. 3A), TNF-a mRNAS]
FEFL BE TRl 7 AolE A R
(Fig. 3B). 31A|9F KTSP-0= IL-6 mRNA & eFo] tj=3td]
HI3l 100 pg/ml A 2] A oF 188 F7FFHIL, 1,000 ng/me 2]
Al oF 634l S7Fsh= w2 WAF S7HE UERHISH, TNF-
a mRNA®] 2HeF E3F 100 pg/ml H2] A oF 254, 1,000 ug/
me X2 Al oF 7] Frbske Ae ST o
mRNA2| HATF M-S 3 KTSP-0= LPS} Zo] thA{A]
O] TLRO| WHg-3}o] cytokine AJAte]l WelE S4AS 2Hd
AlA FFHOR cytokine P4 FEZ A2 A=

o|# gt 7Hd2 ELISAE o|-&3f 1M Ff ohde] IL-6 %
TNF-a AJAF 84S A8 A3k, CSP-0 1L-62] AYatol &
2Rl FFE VA FUA, KTSP-09] - 5=9E
OS2 IL-69] Aito] F7FstE o, 1,000 pg/mt A Al ¢4
izl E3he ke FEstgon, 39 529 CSP-0kR
o OF 32.1H) &2 A4te RrEstAth(Fig 3C). TNF-a E3
CSP-0%= 1,000 pg/m¢ 2] A] TNF-a9] RS S =314 2Tk,
I s ojojslgch ¥hHo| KTSP-0: FZojEAom
TNF-a9] ko] Z7pstgom, 1,000 pgml M2 Al 5 &
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Fig. 3. Effects of CSP-0 and KTSP-0 on mRNA expression (A, B) and production (C, D) of IL-6 and TNF-a by macrophage
cell line, RAW 264.7. 1L-6 and TNF-a mRNA expression level of CSP and KTSP-0 were determined by real-time PCR.
Also, the production of IL-6 and TNF-a in the supernatants of the cultures were determined by ELISA kits. LPS (5 wg/ml)
was used as the positive control. The data were expressed as meantSD of three separate experiments.

=9] CSP-0ET} oF 454 =& AYAHS {3l THFig. 3D).
2 AESE Sl dAAEZE I 9 ool 93 A=
A3, A Pl A £%t o KTISP-0= 45591l |
Azl 74 9 NO, ROS A4kt #HHo] Q1= cytokine !
IL-69F FF IA F2 9 79 AR 4t Bl e
TNF-a5 #9J8HA P4kt %Wi 7 e, AR
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5. RAW 264.7 M|= MK} gks| =X

S| Fc =2 I, Il 7 85 £H

7 gl o2 N EE EAsHAA NO, ROS 2 ¢
24 cytokine®] A F=3 Wt ofuzl, T2 E9] Fe
FEA Y] HAFE T A FAEE 2T Aol o
A

T HAAZE 24 W A9 HAlol ofsf =&A7}

LHAEHA AN Z2A Y] QTS 5HA Hrk(Indik 5 1995).
Fc =8X(Fc receptor, FcR)= A AH|Z o] =LA} FAH
A) M| 322 (phagocytosis) | A Q3 ATS ddets 8
A & U=, 3ol A3t Immunoglobulin G(IgG)2] Fe ¥
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5 1995; Nimmerjahn 5 2005; Nimmerjahn & Ravetch 2006;
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1= leGoh ABk4o] oFs) AL £71517] T Chpat el
A S @3ttty ¥ 5 o] QIti(Nimmerjahn & Ravetch
2006).
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gel electrophoresis. The data were expressed as meantSD of three separate experiments.
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