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CLR
CR3
Erk
FcyR
GPCR
IgE
ITAM
IFNy
IL-13
KLH
MAPK
MHC
MR
NLR
NLRC4
NLRP3
NF-kB
PAMP
PRR
PKC
PGE2
RLR
Syk

Tc
TCR
TGF-B
Th
TLR
TNFa
Treg
TSLP

activator protein-1

cluster differentiation

C type lectin receptor

complement receptor 3

extracellular signal-regulated kinase

Fc gamma receptor

guanine nucleotide-binding protein coupled receptor
immunoglobulin E

immonoreceptor tyrosine-based activation motif
interferon gamma

interleukin 1 beta

keyhole limpet hemocyanin
mitogen-activated protein kinases

major histocompatibility complex

mannose receptor

nucleotide-binding domain like receptors
NLR family CARD domain containing protein 4
NLR family PYD domain containing protein 3
nuclear factor-kappa B

pathogen-associated molecular pattern
pattern recognition receptor

protein kinase C

prostaglandin E2

retinoic acid inducible gene-1 like receptor
spleen tyrosine kinase

cytotoxic T cell

T cell receptor

transforming growth factor beta

helper T cell

toll like receptor

tumor necrosis factor alpha

regulatory T cell

thymic stromal lymphopoietin



BARCKRRZAUHDY T LREEBAL T TS RAERARBROERE L WY
DTHEBEIZCEVWTE, BRARR, LFWE~DEE, BERE, BADOKREE
BRREL Y, R)E(CERBENVRISRILL22H 5, THISH W B, BER.

SomE, FHEELLOT7TLILX -0 Y, HROBRERE T YEZRFHNVEMIC
BRI SRFERZBRETL2RERNEMWERIZH L[1], 2DIBET LI
— 3. BFIZHEEICPWIRAEROE DN E L (, BIZRF L) LERBRT

DEAHL )M REIVWZYNTHEINTWEL[2], 2005 FIZIIHAE2AT DL 30%
MEILHNDOT LI EF—HERBICEREL TOWLYRMEINEND, 2NN LHT NG
F12D 2011 FITIZH50 %Y AR (ML C\W5[3,4], TLILXF—REHED
FC, BRWICHT LT UL (BT LILEY—) 2RITEHWTLILX—R
BHEIE, BRIZCBEWTIZH300 ZAYHEEINTE Y5 6], EHECY =7 L
WEF—YHNLYBEERIIVI TV, Ll TUVILXF—2RIIHBTOERY
FEBRTCTEILWI VL, BIIRENT VR - BEMFTOR THAND 57511 T
T, BFICL-ABONLIERRANVLELTOHORE~NOFENELD
N, ¥, 7774 7% =2 a v Z12L-o(RTTLEFHA LS, DT
LILE—REIZRRNTH L, 7T 74 7F%F—2avy 7 OBFIZoNTIZRA
¥ 5,



BREKR Y XT A
BARFIE AT LIIRANL TS ERREREY O, COBEGLERIZH L
T, Ay L (@ EeITRFINAZAHBE T, EK, <7077 -2,
BREELT YICL > TELA WL, 2RLDOMAERIE, 74 IILA, MR, FE
RORBEOL ) WRRENVFEIZHRA L TV LHEDORREME:RES T /38 —
> (pathogen-associated molecular patterns, PAMPs) % /X% — » 32X AR (pattern
recognition receptors, PRRs) 7 3R#T 5 2 ¥ TRERIeNER I N, 1 M7 A1
V. TEIDAVEBLUVUBEA T 2= — D5k, FHREHTERIZLLIER
WO, T T 2MRBRALYLEZIT I, BARRIX AT LDEND PRRs
7 2 — 13, Toll # % &4k (Toll-like receptors, TLRs). NOD # % & &
(nucleotide-binding domain like receptors, NLRs). RIG-I # % &4k (retinoic acid
inducible gene-1 like receptor, RLRs) . C B L 7 F > % 2 4R (C-type lectin receptor, CLRs)
Th b,

BBREY 2T L
BARIE S AT LS DR RITH L O RE I B X L
BBCHLOITH L, MBRE S AT L LARCHIEE EET 5% X RRICH

L THEOLCRBELES 5, MEARLYZRBEIBLEREFENIZART 5%
HWeBIZTHRBRICL > TERICERBL. BRIC T\ 5, Z DB B

L. BRSPS E-FEBIE, ZhzRL, RICRUERSDERNICRANLEZHEIC
FRE(RRT 220 ) KE 248,

BRREEC<7 707 7 =0 YORRRBTMEIEIZL > TR)2EN, 58S
NrEmRERLT Y OB R (JLR) 12, £ F M8 & 4 &1 (major histocompatibility
complex, MHC) 7 7 Z Il 3T ¥ HFIZ MHCII &k 2k L, fmidkam LI T/
AR INE, ZDOIRIBTDMIC cluster differentiation 40 (CD40) % ¥ D 7
BRI BT DA N4 VOFRIZL -, A =7 T el 7 =7
S —ThEl(IZobT 2, T2 E 7 1 #RED T fmia < 24 (T cell receptor, TCR)



ERBALCHY), RE(HITTCDE »T%E>CD4+ T hafdy CD8 0T % & >
CO8+THEAE73H %, CD4 (L MHCII [Z, CD8 X MHC | IZE WAt % £ 2, 1
THRBTEZZIT L CD4+ T4 —7 Thelad ) LIURFEE L TCR # & > CD4+
FA =T TREIEDOLN, BT INE MHCIHBE SR ZRHFL T CD4+ 714 —7T
fERE NS L7 2 7S —ThER~NY ML L, OB TSI LL)I1I20 5, 28T
SN MHC I BEHRZRBL - CD8+ 1 — 7 Thaklde (laldfEME T i
(cytotoxic Tcell, Te) ~¥ 91t F %, CD4+ + 4 — 7 Tralamhronib L2277 =7
Y —Trafald, PMLFBERFT DR NIZL > T~ X—T f@hd (helper Tcell, Th) £
713 B T k@ AE (regulatory T cell, Treg) (291t 3 4, Thld, S ILFHRE TN
interferony (IFNy) % interleukin 12 (IL-12) LW X DH A A4 VEMAAFET Tld
Thl (2, IL-4 REE X 7+ = — % — ® prostaglandin E2 (PGE2) &ML & & T Cld
Th2 (2. transforming growth factor B (TGF-B). IL-6 H L U IL-23 BALLAFET Tl
Thi7 12, TGF-PPD AMBIHEET Tl Treg 125 LT 2, Thl 4. 112 X° IFNy % &
A9 L4, Teo +F = 7))V F 7 —4mAa (natural killer cell, NKcel) L N= 7 a7
7=V FEAIEL I VICL s TCTANARYICRE L a0k 2
T, Th2 13, IL4, ILS BL I3 LYo A N4 v 2EEY S, Th2 4
M4 vid B raENRE I Zo b - RAL (IR T EET L22DICLELTR
FTC, BrEfEIL B 5 DOTURAE Y CDA0 DB RIS L N Th1/Th2 4 7714 ~
Lo tERILI N, RFEZ7 o7 ) M (immunoglobulin M, IgM) ™5 7 7 2 X
A9 F%2T9. Th DoDHFA M4V IINyGEET ThNILRE 797 v G
(immunoglobulin G, 1gG) EENMEE I N, Th2 ¥4 74 v DLDOFHEE -1
-4 JEGFET ChnIL MRFE L FIE 7 9 7)) > E(immunoglobulin E, IgE)
EEMRBEINL, WR EIZIAT I/ EBS8BOLE h—7HBEEAFEEL. 21
IZXTR L2 IgE WHEREEINL, T A MalRCqmRARDmie &k @212 IgE D
FC3R I AlE 2 T 2B (FceRD) WNBEE L. IgE NI NIZHEES L TRAEN
RIT 5, 2OXBERIZESLERE YRR T LBV L ODDOLDOHENES L
723813, FeeRIl ORBNEZ L, v X MaloHBERelRoRIcIZE L4



WAy (Fig. i)y EW % FeeRIF THIRT 2 T E h—7 2 HFORFEARNVKEES L -
et v A MERCLTIEEIRMIEDOBEID FeceRl Z /B L. > 7 FIVEERE
MEEAL I, CXFDmIENANNR 5, R\\WT, EXY I VL YDFEAN A
T4 T—F—, MN) T —LLYDOBEBMNY VX7 E2RHBL, o423 b))
VXOPGERR WY DREE AT 4 2 — 8 — Gk - B#EET S (Fig.ii), I L DEIE
SEWEICL ) TR RC AT R BELE, JGEBRETLELYNR ), B
B, BELYOEREFRT 2, Th17 12117 2 £ L B, Skt
FARL., 4FFERD RIE 7 1R ?é'%giT@wauoéFiLme\mz
BPLUTh17 o = 2 #MH L. DREBERICEZFWR RIS LERE 2 RET,

IL-2, IFN-y

mumNy <:>
TA= “I4.PGE2 IL-4, IL-5, IL-13

IL 6, IL-23, TGF-
IL-17
TGF-ﬁ
MHC class I
TGF-B,IL-10
hEE 4R
MHC class I

Fig.i ¥4 —7 Thakad o1t



Fig. ii FceRI Z2 45 1~ A% 3L .
FRLAN S o7 BB I NL W,

Fig. iii FceRl 2245 Ak L .
FRNS VN7 BB IN D,



T UIVX—DRE
TUILX -V IRIBEFOEF CHREBT 2B8RERRICES (28 L 214

BATBIRNEETH), 7TULILXF—DORBFOEFIL_2IKRFIIN5S,
—2BIl3, GgE NEBRDEFER T LILX—T, BHT7LILXF—D%12ZIDFA
TrY XD, gl ABRERENELET LXE ST o1 5TC7]. AERNE S S
FRIZBVAT LI LEAR L ZBERIBEAT LIZEENS, BT LILX—TIRT
LIV v DI AENY VNI BETH L, RuBRINES VX7 H o, JEiL
BET 2L UIZL > THFRIZHELINT ICREXTF FOLEHBE TRR I
EHEIZT VIV T e 2805, LR T7T LILXF—KREDHEMRRAD 1
Sr LT, AFDOBEILDOFILICL - THILEBENRBELRETT LILT v
S UNTEIZEBINLZUNRETHLLE TN TVWE, BRIRSINET L
Wr 8 R BIIBERERIZL S TEHY L (REBESI L, BRERC< 7
U7y = VR EDORRRTMEEICR)2EN TSN, TLILT VR YA
L, 2OT7 VIV EARIITMIICER SN, THEAEY Brai@omRIER(IC
BN 7T LIV VR gE NEEI NS, BEEINE IGE N R e
FACHTBERR LY D LT 27 ¥ —f@la k@ FeeRI 12 & L TRIEARILT 5, 2
DZBERIESLAIGEIZT LIV RS L CIgE WV RBINL Y, <A Ma
e i RimlE N o LAY IV, v 2 N) DU R Y DORBEMNMEE S N, B
B, BRELYOEREFIRS 5, £/, REZAELU CEE (BRERME) Sk
TWHENDH L7 T v 7V ATLICLIREERENEE YL -, 77 97 R
TLBERICLIBERERE, WA, 7T 747X - 2RITERAEL D L8],
WWYERDOYWE TCH L7 T v 7 ADTRIIEYVNF SRR T F N T, 2D
BX7F R2E8HT LT RYDT7 L=V 2BXN2Y, ulfNOBERERS
R (7 LVILX —E@RE), A, 771 7% —%28ZIF, E—F v
YT7UILFX—d, E—F v A AN ERELIE—F Yy VIMENSEICHEAET
LIRBTCEBIL2%HE, BREBAEVRILL, E—F vV ERLAEYSIZT LIV
—HEREZREI T LW EDTH S[10,11], #BECEEG LY, V) THRENK



TLERENPSIROCBEYNENT L2, REOBRMEIEIZER )2 E N LM,
L RmREE RO A N A 2 TSP DFEIRANIE T 4, TSLP L ATIK fa g x> AE Js 4
LY ZRB L, TR RIC2FHET 5[12,13], Th2 @@ E £ T 2 IL-4 14 B faf

JIgE EEEZR L, IL5 Y13 3 EmMoOELE Y BB~ ORE 2R L, ki
BNEELINTERY I VR Yo REREWE 2RET 2,

ZoBId, BPeE R C L CIgE (TIR& L W WIERPEE R 7 L)L ¥ — (JE IgE $Lik
MNEME) ThHo, FFRTIEIZLAYDHE, TUVILTZr 28R OCHLE+
DAENTERVDBENLOIZH L, JFRPEA CIIRBEMRICEIZES, BE, &F
NYDODEREFEERNRZO LN S, BPEFR I L (BB YR INLE N, ZOFT
tRBNELLZE0NDH L, Tc <707 7—VIZL 28R LalBREEDOR

LM, BPER T LY — ISRV TR I 2880 EEILIZL 5 UK
HINDKREEDEICL 27 LIV —RIeBEOMIZ, LREIECARERE L
Y ORBIAZ NI ZIE R B ICRIAT 5 IL-33 AR L - (2R L, BERE A

MEIFIZZ R MalIZER L CILI3 XY A M4 v #3E X4, 4FBERIR
HEREZERI S LRICEEND 5 [14],

1966 F 12 IgE WAL I N THL[15]. IgE MEEDBIER 7 L)L X — (2T %
S RDOEEIISZ VS FIGENER T LLEF—DOREA N X LIIFTRAL LN S

o JFIGE ME®ET LIV X — TIIEBEE ZADMIZBRTIE RDEEANK S L
b2y FHRINTWEY, ZOFMIIAL NIZI N TWLN[16-18], IgE 121K
HBLALWIEIGENEREDOEY 7 LILX —Y L C, Niggemann 513, "hET7 LIL ¥
—2RILAETVILVLXF—BRELFPIONZTLILS VD Ige 2 REE LN /2
YIREL TS99, LAMBETMERIRIZLIL L VABRZERZADOITENKE (H
boTWwarYrBpbNLRIcyr LT, Koller 513, FREDIBRDERTRY
HLXFUVENPBRRIEARADTIRZ # ML TRKIEZFRT 2 2 #E L T\ 4[20],
XLI2NWRs A5 T 24 777 —LD—3d, BENDH L\ ILHEZEIC
NF-kB # /&AL L, BREREIRZXZFISRI T, RKEESA A4 2D IL-1IBY
IL-18 12, 2 Thl MO RIERIRCRERPT~DFFIROIEE 2 FH T 5[21, 22,
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7+ 7 4 7 % ¥ — (anaphylaxis)

BRes 7l (Ige MAEM) 7ULXF—I2L >3 SHBIINL2H5EDORE T, &
kR ERENT LI L v IRE (TH 71 7%=y 7) ILRAE%HE
Whb, 7774 7F 2 —DERERY L CIL, B WEFRE[23]), FRIGERRE
AL YN H L, £ BWEERLARIZEH T L0771 7% —%
RETL2EMRGEHEESHNFZR T -7+ 7 % 2 — (food-dependent exercise-induced
anaphylaxis, FDEIA) Y =PI dMN LB & H £[25,26]e 7+ 74+ 7% 2~ — I3 Ige "E
5T LRBFOEFICL o CRET LY INTWDEH, FA L YRECKE %
MLEFRENETZIZLLEDNR7, "FTERURBEORZEIZL S E D[28]14,
IgE NBEE L L WREBRFOORFOHENH ), ZORIEBRFICOVTIITAL L

7%\ [29],

HRET LILX—

BOEOEY T LILX —HERDOEE (LI 10%.3 R A4 5% [30]
BB PTIRA 5.1 %[31]. FEINK 4.5 %[32, 33]. MAIZHET T 12 %EEDHIE
RTHLYEZLNTWE[34], TLUILEF—DREEBWD I H, BREBRNS W
oI, 43, MNETHL, CNLOBRROREE I RNS (., B
(ERNEE - TRBONIZLLRE) PEBEYEICTVWERTH LD, BA
2T LI =PRI —AND L, —F, BREBOFENENSIC
ONTHFRE, BHE, RWBEOTLILX—RBRAEZNE DT 5[34], FIZKRATI
FRENT LILX —DRRATH L EHNZ\[35] (Fig.iv, Table D, FRET L L
F—IZOWTHNED T — A2 kb, Y UoAR—INTEIRY T LILF—% ¢
DFED ) H39%[36] AN,V TIHFRET LILXF—BREBEBROEWNE L
1995 F OB S TRFROEBY T LIL X —BRED 8 %37, A —ZX~7 1) 7Tl
2005 F DB & T87%[38]IZ LA YMEINT WD,

FREBT7TLVILVX—DERTULILT Y L, BHRBHS VX7 ED hok 3
AL UANREIE I NTND[39-41], Z DRIZ I A4 2 B E[42], BIBE LY T A

11



oY XV HE[M3], TIWX v X =ML YN REINTCH Y, AF TR
ITEDO~NEY V7 (@) VX)) FIZEETNEI~NTEL T VIZOoOWTEFERET

LILX — B % mF X ORISENIRE S 17 [45-47),

g0 TOMS
VN 2
P NOES )
BFRE 3

gl 4
R k
E—7v '

|

(\

X590 39

hE12
449, 22

Fig.iv @F®ICBITA27 LVILXF—RREREY
(BT VLX—DZRDOFIE 2014 HE)

Tablei F#@7 7 LILX—RREY (B 7 LILX—DZHEDOFF S 2014 2KE)

0 & 1R 2-3 & 4-6 1% 7-19 &% 20 A b
1 $890 56.5% #8590 43.7 % #8590 29.0% 90 33.0% #90 15.8% NE 364%
2 4+ 256% 44l 213% 44l 256% 49l 229% 449l 12.8% FRE 13.9%
3 NE 131% WE T78% & 10.0% E—+y7 11.4% HREA 122% B 113%
4 B 73% B 76% WNE TT% E—+y7 11.9% EWE 79%
5 t'—+y7 45% E—+y7 7.0% EWE 56% W& 10.6% V% 6.0%

~% 7 = (hemocyanin)

NEVYT VA A A A, BRYEDEREEY, T, VL CDOFREA

CREORRLYDEBRN TBREERZIT IHEFNEEY VXV EChEE

YEeridng, ~E 7 = 24, 5% F 2 330,000-450,000 0% 7= hNEE
12



ek L, ansracEe L (HEBZBEAT 2, &4 72 =y MIZIE,
EFI N ML 2B BAE DAL N A 1 >~ (4 50 kDa) V@&V R LBET S5, &
T2=y MI2MBEDOREA A L EERML, ZDRETHIZEE 1 5T #87(C
BET 5, 2NBFEXEETHLN, BMEANKEESLARETIEFES T v =1
YLD, NEYT ZVERT LEYDOLIRITEF O,

A7) v B~F Y7 =" (keyhole limpet hemocyanin, KLH)

A 77> B (Macroschisma sinense) D~ 7 = VI —#&YIZXF—FK—)L )~
~ 'y N ~E 7 = (keyhole limpet hemocyanin, KLH) ¥ =F|df 41, % 400 kDa @ +
T2 =y 105 208 THER SN S[48], KIHIZEZWRIEREZHF - Z ¥
CRBEREDOX v ) 7Y VX7 By L TREIZCAVWL L A[4951], v / — R
BRECTI-ABZKXIIELIUNL CRLZF 2B EMNL TKH AT Y R
YA b= A23] 3R L, IR BRSNS T VEEXEORTZLL TV
TR D H ¥ X 41 5[52-55],

NF-xB (nuclear factor-kappa B)

NF-xB |2 p50/p105 (NF-kB1). p52/p100 (NF-kB2). p65 (RelA). RelB. cRel
77N oL L BRICL VBRI, RERYA N OA V. TEAA
W7 RN=2 AT, BERTLLYORALHH T L2EFRTL LT, BRL
. R RIE, KRERIS, Mg b OB Y\ - 2EAWE e IR R O 2R
b L BInT % FE T % [56], T & D NF-kB |4 inhibitor of NF-xkB (IkB) ¥ &
TLIYTHEBITY 7 IV ER S, NFxB (ZfElREANICEE - (W5, )R
T4 v 72774 K (lipopolysaccharide, LPS) W ¥ o f@ia g k71, FEEHEILRE To
(tumor necrosis factor alpha, TNF-a), 1 % — o {4 X >~ 1 (IL-1) WX DH A N7
AL 2R BNIZZEINL Y, kB ¥+ —+ (kB kinase, IKK) #3:EPEIL L kB
W) VEILIN T, kKBOZEXF UL Tu T T —LICK BN GEEIN

13



Z—% T, NF-xB ZFRE Y Vo7 B0 L BB L, ZICHIT L UESEIZTORIR
%3] X% 2357

AP-1 (activator protein-1)

AP-1 13 Jun 7 73—, Fos 773XV —FFAIIATF 77 I —05LBK3I N,
ZEEREERL TCEIZDNAIZKESES L CWA[S8.MAP X+ —t D 1% TH % c-Jun
N-terminal kinase (JNK) ¥ p38 (2L - TV Y EILI N TEMEILL, V1 M7 A
YRUYPRBEINL, AP-1 BIZTEIEAEO (L - EIE - TR b — 2 ZZES
b 2% Xn 559,

TV RF¥AL b=T R

fEAE N R 2 NENICRRNS E OMEEZER L, MIEANYYE LR 2L
BREORHEZ Y YA F—2RAYp ), RO)X2EWEOREE, K53, R
NLDOMEDE VNS, 7 7 T A h— X (phagocytosis) ¥ E/ #4 k—
A (pinocytosis) IZKFIZIN L, =¥ R¥ A b— 2 ZAI5kHEDIRY AL 21T
T, MEEOBRERZDGBC) A7) v 7y, e ERBBREROK
2 REL WD, TYRTFA N—=2R2AD)ERIZT 7 TH 4 b= L, 7
IANVARHMALEDRBEREY 2 HRIRT 520, ERTEEBY L (TERD
BE|ZE ), BE, 77 IV, PP RARREREEZE D, ABROBHED

BIZAROLNLE TR M= ZMIEOR )AL TIE, RELFRINDL,

JEWEF v >~ X+ —+ (spleen tyrosine kinase , Syk)
Sykli=7w77—=oD7 7IH 4 b= A, BEEOGILCERILIZE T

ER LI
YX T =X RAA VA VI = AL VA YBIZL-TRMLNLBE 2RO,

s

| % R 7= 960, 61], Syk £ 2 2@ SH2 K £ 4 > (Src homology 2 domain)

fERE R E LT LY 2 ODSH2 NAA VIIRERDZBEMARY 72 =5 MCTH
WY 5 RBEZEMEREIHEILF oL v EF — 7 (immonoreceptor tyrosine-based

activationmotif, ITAM) (24 & T 5[62], Syk Tla, HE D) VERLIML AR E X 7
14



TH N, SykDFxXF+—E A, VIZHLEEILIL—T LD 28O F o riEE
(Tyr525. Tyr526) #3Syk O ¥ + — £ E M (2452 E B Y X M 5[63], SH2 ¥ % + —
Y RAA V20 )y —%ER ([ V9 —KXAA4 2 B) I2H % Tyr323 |4 Cbl
(Casitas b-lineage lymphoma) Rz bE X F ) - roa&I2L ), Syk DX+
—EERDOADRE IR ST 564,65 1 V7 — KAAYBIZH S Ser297 127

o7 A4 %+ —+C (proteinkinase C, PKC) 2L - T YEIL XN 5 [66],

297 323 525526

S Y YY
N — SH2 SH2 c
I L ]
Interdomain A Interdomain B

Fig. v Syk D18 i&

rapast v 7 VB X + — -+ (extracellular signal-regulated kinase, Erk)

Erk 3B N LE NETCHEIIREINEDRIRERTERILY VX7 B X+
—+ (mitogen activated protein kinase, MAPK) 7 7 3 1) —® 1 2T, MAPK 2% &
BRI F v v X+ —+ (receptor tyrosine kinases, RTKs), 1 >~ 7 7' V) v, 4 F » F
Y AN EELHY AR LREBEOXEEZE L, st o ORIBIZIS U
THMEE~NYAZE L, MEBECHERE L, 7TRF—=—2ZAL YDA ML AR
BRIG x5 5#82 4, Erk 422 EXFFEIRE R T (epidermal growth factor, EGF)
CEILZ ML AL YIZL ) I 5(67], LERWHEIRERT B (epidermal
growth factor Receptor, EGFR) % ¥ D RTKs [Z) /7~ R\&E& T 22, 79 78 —
SUNTE, TT =V X7 VA F RRBATELOBELZR, kT 77/
Y Z) VB (GTP) #& % v/ X7 HDRas 27 TV EizEST 5, X412 Ras I
MAPK 77 27— R~ 7 F )L 2 4x:ZF L, B2 MAPKKK (Raf). MAPKK (MEK). MAPK

(Erk) MR AN AT — REFHILT 5, FHEMILIN TR Y 0 - 7= Erk 14,

15



NF-kB W ¥ DEFRT, 7o 74 v X+ -7+ A7 74 —X @@ gRRET,
THRF=VARBRFT LY, 2CD5FT2) VERILS 2 222X ), v 7F L
IZEHAE L R T %[68].

ERDEFICHE T 5 AL BERNTOE A
TUIWE—VRBRICZESBELETPEMICO DD LBERODEFIZHWT
2, SNETERLELZER AT Y RYDBERNT LILEF =K EIZHANT
2. INLDEMZALRREICL Z2BMICAWT, BHRICKRITCLIRY L
ML INTNW5E[E9], #lZ1E, SNETERLEBALEOHTE T —FICERED
SHUBRRNEETOT /) Le@E LT 74 (108 N 282574 2%
ICATFREENEN L, CHICERBOBRMEEDO Y/ LT Y 2BE&EL TRRAY Y
LEBIZTREOBRBMERET 5, S50, BELTXCERICET 2K, BR
ABRBRLYD TS YRBEL, RALVERTECERLLYEZRET L2\ )
P70 CT R Y DEGT —F L BIZTRECABRRET -V 2BE& L. BER
RT L0 DOFENFETFLNG, BALT -9 2RE - BELYORIBIFE %
BORM TV, BRARABL (RE2RETL5E6, 22— —DF Wk
L ODERIT VWA, SNETCRBISIACEAERHORE, RRBHZROR

B, mIADET 1. GBI IFEDZH T RE

KT OE YRR

AR TlL, B 7 LILXF—nF T, BAERICY > (H L) HiEL M
Th), ZIZRADBRBENDNSZVWENBEOTLILXF—2%2 Y LA, RAIC

STNLRIEL, BBORSICCVWERY T LT —ORERBIZOVWTIL, 2
NETOTh2 X IgE NP Qe LB RIZ D AT LADORNTIIBAN TS L WED
NE N, —F BREZRDHDEIL TIRs X° CLRs L X DX BEHERXC 2 D) /7 v B &
TTIWVIEERRZII LD, 2 FT VNIV TORBRANAFRIEAYIZELEZDEFD—

DYWZ A, AFTULINT VY LIREINE~NE ST = VI3[45]. RIEREN
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S TBMEREFEOX v ) T L UERERENZ WS VXTI ETH LN, ~E Y

T2V YBARARERLOEPb ) IZCoWTDmAIEZ v, £ ED~E) ¥
THEDNEVTZVNTF 74 7F =2 av 72888 LAYV IREL DY
[45-47). 7T 7 4 72X v — Y BARARBEARAY OB N IIoWTORALEE LB
. "NEVT VOBARREBE VAT LIIBEITA2EEB LR EALNICT LE
FIEIRIV, 22T, ~EYT7 Vv ERAERAX v ) 7Y L (—RED
A 71 B~% 7 = (keyhole limpet hemocyanin, KLH) # &KHBT 5L DR T £ ¥
L 7=,

F1ECR, HIITLUVLF—Z2RILCTVRRCEBLEREZIISRIL
CTVWRRY LU RTEFHLVEAERTEIPERINLZE DD L, T E,
A=, TIE, HTNRxeLEMNE (Vb= FhA=, 94, 7uaT
TESL X S T) ONE) v T7HLVWIEARFLYARRIE AT LLDOEH
DV ZFNDL7-8. NFkB/AP-1 DBIZFTEFEMICRES 5 L R—9 —#HIZT %
MLNA e BB KA (THP1-XBlue™-MD2-CD14, InvivoGen, San diego, CA.
AT NF-kB/AP-1 LR —% —f@hd) # AW T RIEBEERTRT DL %R
2o ZOWER, BEMEY CHL7 It TH=, 7304, 777k
D~EY 714 NFkB OEFERELZEIRLT LI UNALNY L 2, —F,
XU TOmFIL NFxB OBEFEELTEILIE LN o7, SLIZAILAA Y
~E Y v 7 % SDS-PAGE IZ & - CH B L 28ITHI%E Tld, BO THIREIZ AN A
Ah~NEVTZ2vnedINTVWELIYVW I RENDH -2 N 5[73], ~ET) V7
FOELBCNTF NLYDBESTERDORELYRET L2012, 7EDTE
5000 DIRANZLBIZL 5 T RH A D~E) ¥ 7 %58 L, NF-kB/AP-1 &4 % 3
fl7=2Y 2%, %97 % 5000 R TDRDIENFKB DEELZFZEL L7 - 7245,
55F 8 5000 A EDRDIENFkBDOEMHILZFEL 2, ZOBE. BLUE~TY
VIDERDTCHLENELT Z DT EIL 5000 L)ERITWI NG,
NF-kB DEFEEZEHILL ZOE~NE L T =V THLYIHEREL =,
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F2ECHE, BL1FEIZEVWT, KEEBFMHY T V7 KS DT 5, NF«B
DEFITRELIRNLLAEOUE~NTL TV THLYBELEI LML, ~E
YT =YD= TH L KH 2 AT NF«kB DEGFFHEDFHEL 2@ L 72 X 2
Z . KLH R A NFxB % 7EPEIL L 720 KLH (24 2 B3R kR D 5L 250
TORATHRIZHE WL, KIH O FTHREIZIA L 7 F U XEWHRD CLRs DY) 77~
FChit<y /) —AXCTA—ANBEIZHEET 528056, ClRs D1 25TH 5
<Y/ — XL+ 7% — (mannose receptor, MR) % 3f 789 |24 d L 7= ¥ 3 #1 5[55],
T, L7 F U2 BEMRIZIE CLRs Dt complement receptor 3 (CR3). toll like
receptor 2 (TLR2). & &£ U Fey receptors (FeyRs)w ¥V 1) [74-78]. 2L DK
HWNRRE 2RBT 2B 7 FIVEEIZLZBEDOY T L CHEBF o> & F
— & (spleen tyrosine kinase , Syk) #3&% %, Syk (3., f@fa " 7 7 LB & D Francisella
tularensis # R L 7 7 IH A N—2D AT B0 7 FHIViaEIZES L[79].
77 A% A F— 2 AIZI1L Syk ot IZimAas > 7 LR E X+ — 4 (extracellular
signal-regulated kinase, Erk) 7 Bi5 9 %(80, 81], # HIRER T EHILY /37 H
* +—+ (mitogen-activated protein kinases, MAPK) ® —7%& & % Erk |4, NF-xB
DEWILICEE T 29 Fo—or L5 M5[82,83], 29 LAZ YL, KLH
RIBIZL D NFkB DE LI, KIHRIE AT Y A b= A %7382 L, KR
W2 DRI ZMNL T NFkB DEREILNFTEINALZED T, 2D KLH Fl#kIC
£ % NFkB DEEALRIZIZSYk CErk WS T 280 vELE, 22T, TV
N A h— 2 ZABEA. Syk FBEA|, Erk PRE A& & TI2H T NF-kB/AP-1 L R
— & —f@ia o L, KIHRIBE 21T -7/~ Y 25, NFkB DEEILNMHE Sz, 2
NEDRERNL, KIHIZ =Y N A =2 A %5582 L, Syk X Erk 2’ H %
BBEEZMNLUNFKB OEREILNFESI N LIHEL 2,

B 3FCIE, KIHZEE NFkB OEHILBERICEAH L Y FRINE Syk D F
RIZOWTBHLNIZT L2012, YkDF T - ERTHICERYINL Fov

18



3% (Tyr525/Tyr526) [631% . Syk X+ —XFE RO ADHEEF ICHE T 42 Fo
v U E (Tyr323) [64, 65] B L U8t ) v 3R¥E (Ser297) 1261 % ) v ERILIZS
W, V2RAY v T7ay T4 v 7I2d > TF@mLAE, ZDER KIHRIEKIZL -
T Syk »F o v v3EE (Tyr525/526) B L U8 ) v %% (Ser297) 12>\ Cld )
VERALN L L, F oy URE (Try323) (2oWTEY VERILWFER TS Wi -
v, Syk DX F—EERIEF oL U EE (Tyrs525/526) H L k) V5K
& (Ser297) D) VELICKL - T LA YHEINE, SI5I2, Sykot) v
A& (Ser297) D ) VERALIZHOW X 7 e T A4 » &+ —+& Clprotein kinase C, PKC)
DL )NH LY INE 2 ¥H5[66]. PKCPEEAR A Syk (Ser297) ') v &AL
5258 rR LY 25, PKC FRFAIHET Tl Syk (Ser297) » V) v Bt
WMHE Sz, 2T, PKC FRFAIAET T NF-kB/AP-1 L R — % —f@hg |2 KLH
235 L. NFkBOEFEHEZRE L /ZY 25, NF-kB DEFE D E AL (27
Ik, 2OZYNE, KIHIZL - THFE I NS NFxB D EEALIZ Syk
LHBLE5 250 PKCIZL L) VEILOEBBIIIYAYLVWEDYHES N,
RN, Syk ¥ Erk PRS- 28R T 2720, SYkEAFETICH WL N Ejfm
A (THP-1) 2/ L T KLH R # % T\, Erk OB RLIZSoWT 7 228 v 7oy
TAYTIZCEHm L2, 2 DR, Syk FREAI G E T Tld Erk DB EALAY Syk PR
FRIEGETICEEXRNTHRINAZ, 2D 2N E KHIZL - CFHE X 5 NFxB
DEHEACIZIL Erk DEEALABE S L, Syk 14 KLH [2 £ 5 NF-kB D & LR (2R
% ErkDLRICMEYT 2 X#HEINE,

% 4 FCla, b FEIRERE (THP-1) (2 \W T KWH ¥ BEER L. NFxB DE
HILZFZET L9 VNI H e RERT L2012, REBZEZAVE) VR - %
BERBENERBITEY G BEENMELMLELE KIH Y BEERT 55 &~
T EDORE R ATz X DAER, BARIERZADZEIENLRs D 12> ThH % NLRCA
WKIH Y REERL TOWLFRENTRINAEED, V2RI Ty T4V
JUZd - TKIH ZZEIZH ) NIRCA DBBEBRIMLIZOWTFML 2, £7/42, 2D
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M IZRIE 3 M7= integrin o4l SR, integrin aSBI#E &R, plexin-A2. guanine
nucleotide-binding protein coupled receptor 98 (GPR98) W X DAR ¥ » /X7 H >
INLDAFICHEET L ACS, 14-3-3sigma WX DY VT H Y KHIZL 527
FIUAZEEBIZOVWTERL /=,

RBEICALDOBRERE L., 2ROMRERBIZOVWTERST L2 (2, &
EORES LRKRORE oW ERA L 2,

TH, AMETCHELNERED—SFIZBRICTROA ) NERAFATH S,

Kyoko Yasuda, Hideki Ushio. (2016) Keyhole limpet hemocyanin induces innate

immunity via Syk and Erk phosphorylation. EXCLI Journal; 15: 474-481.
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E1E REEFMEEYW~T) v 7128 T 2L PERDORERK

BRICEAEINAZBRICELTEHARAIZY > TANMNEIEFALEN TH LA, T
B AR YN EeENL2B8BEAEINAEMIRSIL 2001 F0n5 7 LIILE —RIik
FRITRRY LTOVWITERREFLLNED LN CNWL[72, BNMET LILE
—EFICRAILL > TIOLREL, BEORSIZCVWERY T LILE—TH 5,
ZDORFEAN=ZALIZOWTE, TNETOEBRIIE AT LEFQIZEZ -
EXTERFEANTILWIEDNE (. RETHALENZ VW, AFTEDO~E
VITHRDNEYT I UNBREORERE R I T T 747X~ a v I EH
RTLYMEINEZYNLA5-47. 260N EO~TY) v 7B X U0 aniF

REMRERT YoM ) Z2ANL 20, NFkB/AP-1 L R — % — @l
(THP1-XBlue™-MD2-CD14, InvivoGen, San diego, CA) % FA\\C RIEB#EE TR T
(NF-kB/AP-1) D&M Z3¥fm L 1z, /2. AL AAT~EY) » 7 % 7% SDS-PAGE
FINZL - TCoBET 52, 9380kDa DY ¥ 7Ly ROLAMRE I, AL X
AANE) VY 7IZBVWTEBRDTCHREICNT T2 0FEL TS YW
WENDH -2 vns (73], REERMEHYO~T) V7P DB~ T7F N
RNYEDEGTERDOREL2RETLEDI2, REBRMHYO~T) V7 %
S E ST E 5000 DIRANSBIZL > (@ L, FRDESD~T!) V71250
REBREEFRTORZTEFT T LT L /2,

AREFF CTHWZ NFkB/AP-1 L R —% —fafg|d, 2 HtammEFdkb ¥R
fEAEtk D THP-1 fafla n LIFE I NAE DT, 7ILA YRR T 79 —EDHEET
DENZREMRBEFETONFKB LUV T 7 FN—=F =8 VX7 HDAP-1 DIV
U REIIEEANL, NFkB B L U AP-1 ODRIRICHE - T EAEETIL 7Y
T A7 74—+ (secreted embryonic alkaline phosphatase, SEAP) % %k % & 9
IZREF SNl TH 5,
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1 KEBFEMEH~T) 75 NFB/AP-1 L R—% — @I 2 ITT BT

REBFHSY (7)<, 7=, 7374, 7097 7E) O~T) ¥
THELUKRERMEY (XU 7)) OaFrb NORIERBTIZZRIITHE 23
~N 5% 72 NF-kB/AP-1 L A — ¥ —fafia # A\ ( RAER £ #F R T (NF-kB/AP-1) O
BIZTERFEE LML 2

B S LT

fe B 3% %
JE @ 1AL 32 (56 °C. 30 %) % 1T - 7= 10 % (vol/vol) 4 A5 )R #n 7% (fetal bovine serum,

FBS; Thermo Fisher Scientific, Waltham, MA). 1 % (vol/vol) GlutaMAX™ Supplement

(Thermo Fisher Scientific). 100 ug/ml Normocin™  (InvivoGen, San diego, CA). 200
ug/ml Zeocin™ (InvivoGen) & £ Of 250 pg/ml G418 (InvivoGen) % & & Roswell Park
Memorial Institute medium1640 (RPMI; Thermo Fisher Scientific) #{# A L C.
NF-kB/AP-1 L R — % —f@ha (THP1- XBlue™-MD 2-CD14, InvivoGen, San diego, CA) %
MEHIEREL, RTOREICAVWE, F1ELLVCE 2 FIZEVTUL, XBIH
Z THEFFIE) ¥ oF 50, Z7/)LF » — AR KL (Corning, NY) #{# A L, 37 °C. 5% CO;
W=D TIZHh W TH#RIEERE L 72,

(B R B PIFRMTWEREER] 7 /LR 7)<t (Marsupenaeus
japonicus). (R TEB+HMEB®RETE]Z ) /7 =#7 7 = (Erimacrus isenbeckii) .
(AP REMEBREM| N A LR TAF TN A

(Pseudocardium sachalinense) . [P R AR EMEBEC B I A H I I 474

&7 7 £ (Haliotis discus discus) % . RRHE G REXDEFERIENLEBANL -, [F
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UL EEMAEEMERAEFERIEFR TRARE LB | 7 EB 7
B 7B X 7 (Oncorhynchus kisutch) 122\ Tld, &3R4 B 2R 4 1 B] |2
PWI{HEBEINABERZERL -,

~NEY) V7B L UV aFDORR

JINZZEIZOoOWTROQBRERFMNS, 72 OoWTIZEREHIRN LT
Vo7 2 RBRLE, 7374125 L 070778250 THBRAKR, QBIZ1
mL > Y2 (23G) #® L. ~E) vy 7 2HIRL A, 30 MERIZKER.
330,000xg, 4°C Tl L, EFZERLAE, Hon~t) v 7%
TICHANLEBIEIZAWS £ T-80°C IR L =,

XU riionTid, BEaEN o B2 HRRIEZ, 4°C T—BREB L 2K
[21,000xg. 4°C C15mMzEOL, LF2zERLAZ, SonaF 2T
ANLEAFICAHWS L T-20°CI2HRAE L 7=,

TWHY) 72 R7 78— VER—F—7v+x4zHA\\/~ NFxB/AP-1 &=FE %
D S

NF-kB/AP-1 L R — % —fafa |t &2 OR| B % 5 2 /=1%., 37°C. 5% CO/v—
TIZBEW T 24535 R L 23 F LF 20U ICSEAP DREEDORERAETH %
QUANTI-Blue™ (InvivoGen, San diego, CA) Z 50 ul Am L, ZDRER % 37 °C
[ZERE L CF (224 B RIZ (2. 99 E T SPECTRA max M2 (Molecular Devices,
Sunnyvale, CA) Z AW T 650 nm DR AEE zBIE L2, EARBRCERIZE W
T2, 650NMM IZH (T A RAENSEAP REE 2 RBEL T\ 5 2 ¥/ 5, 650nm
% NFkB/AP-1 D&FEH Y L (& - 7=,

REEBFTHEW~T) ~ 7RIBICL 5 NF«kB/AP-1 & F iF M P
NF-kB/AP-1 L /R — ¥ —f@fag % 353w T 37°C.5% CO/X— VT IZH W TR L
7= 2D NFKB/AP-1 L R— % —f@fa (6.0 x 10°18) (27 4+ /LY —REAL ~8E

KREEBRMBY~T) V75503 F v F7r@miF % 10% (vol/vol) ¥ w4 L9 IC
23



BELE, £/, A7 473 b= )L LCRPMI, RYP T 4 732 ho—
WY LTCREBEWESEA T 12— —v L (o nbBEHER) REHE
(lipopolysaccharide, LPS, Sigma-Aldrich, St. Louis, MO) # 0.1 pg/ml #& & L.
NF-kB/AP-1 #x 575 1 %2 3Ff@ L 7=,

e R AT
NF-kB/AP-1 DEFEHE D EEILDERIZ OV, 98 E % one way ANOVA [Z
L o CTHEZR L. Dunnett’s =% AW T ZEHMOLLLEEN 21T - 7=,

FER

RKEBEMEY~T) v 7R HKICL 5 NFkB/AP-1 &EFE D AL

NF-xB/AP-1 L A —% —f@fa|_ 7 )<=t (prawn). 7 77 = (crab)., 73771
(clam)., 7 @7 7t (abalone) O~ v 7H LWL X H7 (salmon) fiF
% 10% (vol/vol) ¥ W L) Ic&S5 LA, £/, 274722y bu—)br <
RPMI, RY 7+« 72 bho—)bx LT 01 ug/ml LPS 235 L T 24 BHHIKRD
NF-kB/AP-1 &z 5 7E % % BlE L 7= (Fig. 1-1),

LPS H 2 WIIKEERMEY (VL. YH=, 7344, 7a77E)
D~ 7245 LB D NFxB/AP-1 &5 E (L, RPMI 2 &5 L 2B D
NF-kB/AP-1 HmEFEZHRH Y ILR L (HEICEGN -2, —F. ¥ o7 aFz®&5 L
7= & & NF-kB/AP-1 #x 5 /& £ (£, RPMI ¢ NF-kB/AP-1 #x 5 & ¥ tbi L (R B (1K

7 - 7= (one way ANOVA and Dunnet’s 7%, P <0.05),
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M
53]

[

absorbance value (650nm)
T

(=]
%]

0 I | I I | I

RPMI prawn clam abalone salmon
(control)

<Fig. 1-1> Effects of aquatic invertebrate hemolymph stimulation and aquatic vertebrate
serum stimulation on THP1 reporter cell responses. THP1 reporter cell was stimulated
with 0.1 pg/ml LPS, several kinds of aquatic invertebrate hemolymphs or salmon
serum. Values represent mean = SD in six assays. Significantly different from RPMI

(control) value, *P <0.05 (one way ANOVA and Dunnett’s test).
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B2 RKEEBFEMEEHY~T) 7128 T 5 NFkB/AP-1 L R—F —f@iEDR
el % I3 NFkB FEER DB E

AEE 1 HICHW, KEEFMEYO/ IV, TH=. 7374, 7
D7 TEDNEY) YT HLWIARERMESHYO X YT miEE . NFkB/AP-1 L
A= —f@faZ& 5 L. NFkB/AP-1 DEEFEEFEDEEILLZIFM@ML 2z, IMNLK
EEBFMEHYO~ET) 713 NFkB/AP-1 DEFFTHEZ FHALL 248, XU F 7
D iE 1L NF-xB/AP-1 &5 B 2 FHIL L -7, REEBRMHGHYO~T!) v
7 W3 L 72 NFkB/AP-1 825 7B £ DG LS NFkB ¥ AP-1 D X5 L D EREALTH
LOMWEALNZT L7282, NFkB FAEFAI TH L PDTCHETIZHWT, %1
B AR (Z NF-kB/AP-1 L R —% —f@fa | L (~E) v 7H L W\IdmF &S5 L.
NF-kB/AP-1 D # 5 /E % D & AL % 37 L 7=,

ABE LT E

Ammonium pyrrolidinedithiocarbamate (PDTC, SIGMA-ALDRICH, Tokyo) % NF-xB PR
FRY L AL -,

POTC VK ERFHGH~T ) ¥ 7HEME NFxB/AP-1 EFFRICRITT R

100 UM PDTC # & D #s#th o NF-kB/AP-1 L £ — ¥ — 4@ (6.0x 105 @) (2, 7
IV —RBEXRIE L 27 )L=2 T (prawn). 7 7 = (crab)., 7237 1 (clam),
7 a7 7t (abalone) P ~F ) v 7HL\IAXx H7 (salmon) &iF % 10 %
(volfvol) ¥ Wt L) Ic&E5 LA, £/, 274732 hu—)bx LT RPMI,
RYF 473y ho—Lr LC0olug/miLPS 235 L, &7 D SEAP B ORE %
T-7,
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TR AT
B 1Y FERIZNFKB/AP-1 EF IR0 EHILDERIZHOWT, 98K % one
way ANOVA (2L - CTHESR L 7=, Z D& 2 BFH O e (24 L T4 Student’s t-test

FERCTEN L =,

&R

PDTC N KEBRFMEW~T ) » 7FH LM NFB/AP-1 EFERICRITTHE

PDTCHZETIZH VT NFKB/AP-1 L R — % —fafig | 3@ REB T Y ~T )
Y7 HLENEIX T mEEEZ 210 % (volfvol) ¥ S L) IZEES L UG 24
B 12 O NF-kB/AP-1 &2 55 # AlE L 7= (Fig. 1-2),

POTCHETICH T, LPS., REEBRFMEYDO~TY) » 7 H %\ (4 RPMI 247
5 L 2B O NF-xB/AP-1 #25 & £ (2, PDTC 3k % £ T O NF-kB/AP-1 #2 5 & & ¥ LL#
LCHEICED -2, —F, FUFTaF %S5 LAY 5D NF«B/AP-1 &5 %
B2, PDTC BEDHEFE CHELAZITR LN 5 - 7~ (one way ANOVA and
Student’s t-test 7%. P <0.0001 ).

WUEDFERNLPDTICHRKREBREMBIYO~T ) » 7124 2 NFxB/AP-1EFE
BEOTZHEMLZWHLEZZ NG, REERHHYO~T ) v 714 NFkB O&EF
SEETFEILT2EDYERINE,
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e m () PDTC ‘T - | T —

'g [ (+) PDTC T
=
2 2
w,
@
=
g 15 o
@
2
5 ]
2 1
E * * = X
[ i | * * *
) ﬁ ﬂ ﬂ H ﬂ 1
0 in
RPMI LPS prawn crab clam abalone salmon
(control)

<Fig. 1-2> Effects of PDTC on the invertebrate hemolymph induced NF-kB/AP-1
activation. THP1 reporter cell was stimulated with LPS, several kinds of aquatic
invertebrate hemolymphs or salmon serum in the presence or absence of PDTC. Values
represent mean + SD of six assays. Significantly different from RPMI (control) value,

*P <0.0001 (one way ANOVA and Student’s t-test).
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%38 5000 Co@ELAETRHTLNE) YV THNFKB/AP-1 L R—F —fafa|c
ZITT B8

AEEIHBLOH28HI2H VT, NFkB FEA THh % PDTC 737K E &K HE#)
MO~E) VT7I2L 5 NFB/AP-1 BT FZHEOEMEALZMHI L 22 v, KE
BREMBHHO~T) 7L AP-1 OBEFFETIIL (., NFxB DEFEE 2 E K%
CF 2t EINE, TLEETHARICENT, RIAATNEY) VT % 7%
SDS-PAGE 7 /LI & - U RS 5 ¥, %9380 kDa D> ¥ 7 )L XY KD LR E S
Ny, ZANAADNE) V712 VWTIIROCHREII~NT YT v 03B5E LT
WHLYWIMEN D -2 s 73] RETIL, KEEBRFMHSHHWO~T) »
THDERCXTF NORBEBZHEDRT L2, D EHT & 5000 DRSNS 82 L
STREBRMEYO~NTY) v 7 258 L NFkBEFITEZEFEILT 2 R0 D
ST A XIS LEREGEL 22 L7,

AMPWH L U 5,000MW % 1B 2L 32
F1EH CTRHWEY A 53E LA~E ) 7 % Vivaspin 5 kDa ( GE
Healthcare, Buckinghamshire, UK) # A\ THEFR Y 4 X 5,000 MW TH & % 1T - 7=,
5,000 MW A LD @5 % 2o\ GRAK 7 m 2 TR 538 1245 /T 2 B U AR ¢
Lk, 725740 —RmEA L 7=,

5,000 MW T8 L /=7 374 ~FE ") 75 NFkB/AP-1 L K — % — @R |2 & (T
TEE
Bt T 37°C.5%C0,/N— VT I2H W TR ILHE L/~ NFkB/AP-1 L R — % —

fafe (6.0 x 10°18) (25000 MW TH @ L 7z7 374D~ v 7 %5210 %
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(volfvol) ¥ Wt L) I1c&E5 LA, £/, 274732 ha—)bx LT RPMI,
EYF 473y ho—by L C0lug/mllPS 2455 L. %2 D SEAP B DRt #

iT- 7=,

ST AR AT

F1FES 1EHRBRIZ, NFkB/AP-1EFEEZEHEDOERIZ oW, 9% % one way
ANOVA (2 & - THEZR L 72, 2 D&, 2 B D k& ¥ L T Student’s t-test 7% 2 F\»
THEEHTL 7=

FER

5000 MW TH & L /=737 4 ~E ) ~ 7 D NFxB &t 1t 77 D 348

NF-kB/AP-1 L R — % —f@ha (2 5,000 MW T @ L 7277377 4 (clam) O ~%F
Y7 %2710 % (volfvol) ¥ WL LIS L, 22T+ 72y bu—)b
Y LTRPMI, RV 7 4 7a v ho—)Lb¥ L C01ug/mlLPS #2445 L, 24 Bk
D NF-xB &5 &M% % 3% L 7= (Fig. 1-3),

TR ADNEY) YT D) B, 5000 MW R ED @S ZARE L 72D NFkB #=
FEEDOFEAIL, RPMI 28 E L ZBEDONFkBEFZRE LR L THEIZHD
- 7=o —7. 5000 MW KRimD&E 5 % &5 L 2D NF-xB & F & %12, RPMI DE
D NFxB &FEEY OM THREAZIIHAINT - 7= (one way ANOVA and

Dunnet’s 7%, P<0.05 ).
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0.8

0.8

absorbance value (650nm)

0.4

0.2

RPMI clam < 5,000 clam > 5,000

<Fig. 1-3> Effects of the 5,000 fractionalized clam hemolymph stimulation on THP1
reporter cell. THP1 reporter cell was stimulated with LPS or 5,000 fractionalized clam
hemolymph. Values represent mean * SD of six assays. Significantly different from RPMI

(control) value, *P <0.05 (one way ANOVA and Dunnett’s test).
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Fam ER

ARECIE, NFkB/AP-1 L R—¥ —f@fa|_ KREEZBRMEEHO 7L<, 77
Z, UNRHA, 7T T EDONEY) YT HLVWIERERMEEYOX U rOM
FERBY LTERSE L, NFxB/AP-1 0EFEEZFML 2, REERMESHY D
~NEY Y7 B LIPS 14, RPMI ¥ BB L CH EIZK X 0 NF-kB/AP-1 #5555 14
BBREEZTLAEND, XU T OmFILINFB/AP-1 EFTEELZERL L - 72,
L% NF-kB/AP-1 B F DG LI PDTC HEETIZHE W TR SN Z ¥ b,
KEBEMBDYDO~T) V713 NFxB DEF L2 EMILT 23D EEINL,
WHh. AT 473 =)D RPMI IZ22WTE PDTC DHETIZL - T
NF-kB/AP-1 B FEEHDOREMICHEEEZNHRAINE, InldmEOMRREK L &
N2 v L CRPMIRIBIZ L > TUNFkB/AP-1 L R — % —f@fa 23 7 (12 7E AL
LEzYEZoLMN, 2x NFkBOEKEHE Y E 2 /2,

FAEERTHAEICENT, RIWAADNE) V7125 0WTEERD THRE I
EVTZUNBEL TSR WO MEN L -2 L (73], KREERMEHY
DNEN) Vv IT7HDeRCNTF NORE RS L2720, 73X A~EY) V7
# 5000MW THE L, &2 D~T ) v 7DEHIZHOWT NFkB DEF E % D E
BALZRIE L, 73T ANE) V7D 5000MW LY hNIWERIZEENLHY
BldxA7 473y ha—)b (RPMD IZEEXCHEEBELEEERLI TSI LN 12
7. 5,000 MW X EDESGIZEENLEIZREIZERL 2,

MEDERENL, KEEFHESWDO~T ) » 79D 5000 MW P4 £ #4514,
NFkB DEIZTEHEFER 2 TR T 2D YHEI LA, 2OoBHII~ETL T =
VINERDTH LI ENL, B2 ETCEINETEDT 2 VIZOoOWTIRITEMWZ 5 2
yr L,
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v

%2F KHRBIKHT L PERMBEDRERE

E1FICEWT, KEERMHHO~T) 77 NFkB DEFE M 2 E AL
TL2EDYHEINE, ANAAANE) V7120, ~NEYT =V
DTCHBREIZCHEEL TWLEYMEINTWLZYMNG [73] ~EY v 7FI2E
INDEROCNTF N EDORELHRT 52027374 ~F ) »7 %5000
MW HFERDIRSD S8 (24 - T @ L, NFxB DEFE % 3FM@ L 72 ¥ 2 5, 5,000
MW R D E 5 (3 NF-xB DEFEE % 2 S X493, 5000 MW X ED@E 5475
PILSHEEZZ NS, TNNHTANE) V71250 T NFkB DEFIE L E kL
SHLZEDIER DESTES00MW KR EDELRD THLE~NELT =V LR
L 7=,

~E 7 = 1349 300,000 #&5 700,000 DT EEE ODERLKESY Vo7 H T,
BWRBERELZHFE SO ZUDONUEEREDO X ) 7Y VX7 HE Y L THASI L
% [84] ~EVT =D 1 RETHLANLED~NET T = (keyhole limpet
hemocyanin, KLH) &, ¥ % ) 7% vo3s7 B r L THEIZAW LN [49,85-87]. 1%
BEOGVWHESONFNES THL I s, KAETIL KH ¥ NFkB D#EF
BIZRIZTRBEL2HRT L2208 LAKHIER Y /) —ABECT7 2 - ARKREI(C
BEUDTHELRFE S U s [53,54], ERaRBRERICEVWTLCREL 7 F
v 2 KR (C-type lectin receptor, CLRs) D — > TH L2 /) —A L L T8 —
(mannose receptor, MR) (2L - T&R#E I N~ IS [55], L7 F 2 BARIC
[Z MR D1t [Z complement receptor 3 (CR3). toll like receptor 2 (TLR2) %> Fcy receptors
(FeyRS) L Y DR BN SH ). N5 I137 7 LR D F tularensis % 323 L 7
7 A A P— P ACREREDMMRICEZF| SR 2T [74,76-78,88], £7/-. <
7w 7 7 —2UHF tularensis I3 L C7 7 I A4 =2 A 2T ) BICERTF o
¥ * + — 4+ C(spleen tyrosine kinase , Syk) X fmfgsh > 7+ I)LRAEH X + —
(extracellular signal-regulated kinase, Erk) #3F 4 4 ¥ X % [60, 80, 81], Syk %>

Erk "B % > 7 F IV InE B II NFB # ZMHL S+ % [61,82,89,90], % 2 T,
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KIH 2L 2 NFkBEM®ILICHT 220 R4 F—2 ZDBE5E L U Syk x> Erk @
BEICoWTBLNZT 52 r Lk,
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B 18 KLHRIBIZHT 5 NFkB/AP-1 L R— % — k@R D RIS 12 % (T3 NF-xB R
=R D BB

F1FEIZBPVWT, REEFMEWO~T) V7D T8 5000 M EDEGIZ
NFkB DEFEHE 2 SHILT I2HENDH L YR INSE, ZOES (I ~E
VY THRDERDG THILINEDT =R ENTHE), RERELIEFIZHV
e ~NEY) VY TFDONFRBEEILRATE~NEL 7 =T 5RF LI,
512, AREFREBEOX v ) TY LTEREPZ (., REREDOSWA~NET L T =V
DNFNEG L KH % AVT, NFkB DEHILIZRIT T HE 233 @ L /=,

RS L UT*E

R

Mariculture keyhole limpet hemocyanin(KLH) # Thermo Fisher Scientific £ (Rockford,
IL) N 5EEXN L 72, Ammonium pyrrolidinedithiocarbamate (PDTC, SIGMA-ALDRICH,
Tokyo) # NFxBFAFAI ¥ L TEH L 7,

7 ik

NF-kB/AP-1 L iR — & —f@fig % 4 #353td, 37°C. 5% CO/SX— P TICH W T3
% L 72, 100 uM PDTC % & £ 3tiP & NF-xB/AP-1 L R — ¥ —#@fa (6.0 x 10° 1@)
H5H\WILPDTC # & £ w353 D NF-kB/AP-1 L R — % —f@fd (6.0x 10°18l) (2
50 pg/ml KIH 2385 L 7=, £/, 277+ 73> huv—)Lb Y L TRPMI, R T
73 ho—)LY LT01ug/mILPS 245 L, %7 D SEAP EHE % RIE L 7=,
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&R

KLH 12 & % NF-kB/AP-1 E# 1L F 5 NFxB FREA DB E

PDTC 5% T, JEHETIZH T NFkB/AP-1 L A — % —f@h (2 RPMI, 0.1 pg/ml
LPS & %\ 4 50 ug/ml KLH %485 L. 24 8512 D NF-kB/AP-1 D& F & 0 iF %
L34 L7~ (Fig. 2-1),

POTCIFHETIZH TS LPS H 4\ 2 KLH £ 45 L 2D NFkB/AP-1 D#E 5
HDE L, RPMI 235 L 72 D NF-kB/AP-1 DEFE M D& AL ¥ pbdg L €
HEIZEN - 7= (one way ANOVA and Dunnett’s 7%, *P <0.05), PDTC H# & TIZH
IT % LPS. KLH & %4\ (2 RPMI Z 45 L 7218 D NF-kB/AP-1 DEF F D FELD
B X, PDTCIFBETIZH T 5% 7 D NF-kB/AP-1 DTG E DG PEAL ¥ e L
THEIZF N - 7= (Student’s t-test 7&., **P <0.0001),
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<Fig. 2-1> Effects of PDTC on the KLH-induced NF-kB activation. THP-1 NF-kB/AP-1
reporter cell (THP1-XBlue™-MD2-CD14 Cells) was stimulated with 0.1 pg/ml LPS or 50
pg/ml KLH in the presence or the absence of 10 uM PDTC. Values represent mean#SD in
six assays. Significant differences from RPMI (negative control) values were defined as *P
< 0.05 (one-way ANOVA and Dunnett’s test), **P < 0.0001 (one-way ANOVA and

Student’s t-test).
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28 KWHICLANFBEFIZRDFERILIZBEIT LY KUY A =Y XDH
5

ARFEH 1B CIE, KLH %% NF-kB/AP-1 L R — % —f@fa 25\ NF-xB &5 & &
DFEELZ T ZUNALHE L 52, 2 2T KHIZL - THFE S 5 NF«xB
DEBRIICEAPLZRFE2HEET LY LA, #iRkEEIZHE VW TId, KLH 7Y MR
2L > TRBIN, DLBELICEPLLYWIMENH L[55], £/, LIF U2
AARIZIZ, MR D412 CR3, TLR2. FcyRs WX DX BEERNH ). o137 7 L&
B D F tularensis # R#|L T 7 7 TH A h—= ACREL YD E 2] X
RIS rINb, [74,76-78, 88].

Z 2T KWH D NFkB FHEALIZH T 220 R A N—2 ZADOBE L2 HRAT 4 /-
WIS, TV R A =2 ZABERICLLBELHERL =,

ABE LT E

Dynole®34-2 (Abcam, Tokyo) # = > K44 h— 2 ZMHFA Y L ({EH L 7=,
Dynole®31-2 (Abcam, Tokyo) # Dynole®34-2 474774+ 72 hbua—)Lb¥x L C
AL =,

VRS
KIHICL Z NFkBEFEZREDOTRILICRITI =Y R4 F— L RAEEADORE
50 uM Dynole®34-2, 50 uM Dynole®31-2 % & {33t O NF-kB/AP-1 L R — % —
f@fa (6.0x10°18) % 37°C. 5%CO»/S— Y TFIZH T 30 »FI#&%. 50 ug/ml

KIH #4& 5 L. &7 D SEAP F % AIE L /=,
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& X

KIHICL 2 NFkBEFZERDBZHALICRITT Y N4 b=V ZREERORBE
O S

Dynole®34-2 GE T H L WI A AT 4+ 732 ko —)LD Dynole®31-2 H & TIC
H VT NFxB/AP-1 L R — % —f@ha 2 50 ug/ml KLH % 3% 5 L T 24 B[ 1% D NF-kB
BEEELZFML 2 (Fig. 2-2)0 2774 732> ba—)Ld Dynole®31-2 HET
TKH 2% 5 L2 Y SONFKBEFFHIL, KH 2% 5 L 0h - 72 ¥ 5D NF«B
EEETHEYIE L (CAEIZGN -7, £7, Dynole®34-2 H##& T CTld, KLH &
LIZEbLT, AT 7 Ay b= LY L CHEEIZEKLS > 2, (one way

ANOVA and Dunnett’s 7%, *P <0.05),
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<Fig. 2-2 > Effects of endocytosis inhibitor on the KLH-induced NF-kB activation. THP1

reporter cell was stimulated with 50 pg/ml KLH in 50 uM Syk inhibitor, Dynole®34-2

or 50uM Dynole®31-2 (control). Values represent mean + SD in six assays.
*Significantly different from Dynole®31-2 (control) value, *P < 0.05 (one way ANOVA

and Dunnett’s test).
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B3 KHICL A NFkBEFEZREDFRILIZE T S Syk FREA S L O Erk B
FHRDOEE

AREE QB CIX. NFkB/AP-1 LR — % —fmfad|ZH T KLH (2L % NFxB 0¥z
FEERDOEMRMNTY KA b= ZREAIZL > THHEISIND ZYHNHEL A
Yo, MR eiE st E 2R NI 2 PRFLOT Y N A — 2 Z|C
X, fMiENEWEr BRI L (77094 =22 $&Ehd, w707 7—
DTHET7 I A M= ADEITIZSYk X Erk B H L Z ¥ 5 [60, 80, 81], A
B CIA KLH (2 X % NF-kB DB AL Y Syk & L N Erk ¥ DB 2oV TRE % 4o 2
=5

E
Bay 61-3606 hydrochloride (Abcam, Tokyo) % Syk FEZE #| ¥ L T, Nimble (Abcam,
Tokyo) # Erk PREA| ¥ L (1A L 7=,

7 ik

KIH 12X 2 NFkB EFE RN T RILICRZITY Syk RER OB R

1 uM Syk PEE A (Bay 61-3606 hydrochloride, Abcam, Tokyo) % & {33t D
NF-kB/AP-1 L R — % —faEfa (6.0x10°M8) % 37°C. 5% CO2/S— Y TIZH T 30
S HIFEEEL, 50 ug/ml KIH 28%&5 L 7~A, £/, 277473y bue—bx LT
RPMI, £V F 4 73> ho—IL¥ L 0.1ug/mlLPS 245 L. % 7 & SEAP & 1%

ZREL .
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KLH IZ& 5 NFkBEFEEDZELICRITT Erk RER OBE

5 uM Erk PEZE Al (Nimble, Abcam, Tokyo) % & L33 d D NF«kB/AP-1 L R —%
—fE A (6.0x10°181) % 37°C, 5% CO,/¥— Y TIZH T 30 & MR &%, 50 pug/ml
KIH #%&5 L7, £/-227 7+ 72 ba—)LX L TRPMI, K2 T4 732 K
u—/)L¥ L T01pug/mILPS Z4& 5 L, &7 D SEAP & % RI%E L 7=,

& &

KLH 2L 2 NFkBEFER D EZHILICRITT Syk FRER DB E

Syk REAIGZETH L VIFFEHFETIZH VT NFxB/AP-1 L AR—% —f@ha|Z 50
ug/ml KLH. RPMI & %\ 0.1 ug/ml LPS #4& 5 L T, 24 B M1 D NF-«xB &5 & 1%
23 L 7= (Fig. 2-3).

Syk FRERJEAETICH W, LPS & 5\ L KIH 2485 L 2D NF-kB 85 7%
PEOEEIL, RPMI 2385 L 2B D NFkB EFEEDOFTHIL Y ki L TR EIC
2 7 - 7= (one way ANOVA and Dunnett’s 7%, P<0.05), Syk FBEARIHETIZH W T
12, LPS. KLH & %\ (42 RPMI #3& 5 | 728 D NFkB &5 12, Syk FRE A JE 5
ETTHEZDNFkBEFEE Y B L CHEIZIESD - 72 (Student’s t-test 7%, P

<0.0001),

KIH 12 & % NFkB ZREDEEILICEZITY Erk FRFAROZE

Erk FEEAIGET, BLUOEHFEETIZHE VT NFKB/AP-1 L R — % —fmfag (2 50
ug/ml KLH. RPMI & %\ 14 0.1 ug/ml LPS %= &5 L T 24 BRI D NF-«B % 5 & 1%
ZAE L7 (Fig. 2-4),

Erk FREAIJEAETIZCH VT, LPS H 5\ IE KIH 235 L 2B D NF«kB &%
FHHEOFBEAIL, RPMI 2485 L 2B D NFxB &5 EHEOFHEIL Y leEk L (F

EIZH M - 7= (one way ANOVA and Dunnett’s 7%=, P<0.05), Erk FRE | & & T [
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Bt 5, LPS. KLH % 5\ |2 RPMI 23& 5 L 2D NF-xB &5 FH D E b,
Erk RERIEGET THORZ LD NFkB &EFEHEDOESHEA Y (b L TR ZEIZED
- 7= (Student’s t-test 7%=. P <0.0001),
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o

<Fig. 2-3> Effects of Syk inhibitor on the KLH-induced NF-xB activation. THP-1
reporter cell was stimulated with 0.1 ug/ml LPS or 50 pg/ml KLH in the presence or
the absence of 1 uM Syk inhibitor (Bay 61-3606). Values represent meantSD in six
assays. **Significantly different from values in the absence of the inhibitor, P < 0.0001

(one-way ANOVA and Student’s t-test).
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<Fig. 2-4> Effects of Erk inhibitor on the KLH-induced NF-kB activation. THP-1 reporter
cell was stimulated with 0.1 pg/ml LPS or 50 pg/ml KLH in the presence or the absence
of 5 uM Erk inhibitor (Nimbolide). Values represent meantSD in six assays.
**Significantly different from values in the absence of the inhibitor, P < 0.0001

(one-way ANOVA and Student’s t-test).
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Fam ER

B1EICHEWC, KEEFMBHY~T ) 713 NFkB DEFEH 2 S LS
HLZYNAELNE L 2, NEY) U TFD 5000 REDTTFELZ E ORD I,
NF-kB DEFEEZEHILI T, 5000 XREDHTEZ § Sy ld, NFkB D
BEERr ERMLSIE LI UNERINE, NT) VTFDOERSTH) . &
F 8 4347 300,000 4 & 700,000 P ~E ¥ 7 = ¥ 43, NF-kB D& F & 035 (b #
T LAFREIZ WIRFT2ENE, ~E T =202 L, Xy )T XY
BOEBNEZ(, WESOXNFNESZ L KH 2A VA, KIHZ PDTCHETH &L
UIEHET T NFkB/AP-1 L AR — % —f@fa (2485 L, KLH 7% NFkB D& FEHE D
EHEILEZRLEZY DL KHIZL A NFKB OEFEEDEREILZFEL 25D
PRER L=,

FTATHF R T SN2 L ) 12 KWH 2B IR RBUREEIZH Wbt Y D iaka
RBEFELAEBIC, 2OFEOL T FIVIEEDO—EIZL 7 F UREERD MR
24 % KLH DA H ) [55]. KIH A< v/ —2AREC 72— 2REICELE
TP O UNLBL XD L7 FURBRICERBINLTREEL H L
FHEINA, ISV 7 F % BERD CR3, TLR2 X° FeyRs 1277 LEEERE D F
tularensis #RF#| L. 77 I A b=V ACREL YDA ZFI SR TV
WO ERITHIREN D B 2 X5 [74,76-78,88] KLH "= > K44 h—2 A 25|54
2L, EROREEMNMLUNFKB ZEHILIELTREZEL Z XY L A,

TYRHYA M= REEALEET C.NFKB/AP-1 L R — % — @25\ C KLH
2L % NFxB DEFEZTHEOZTHEMANSMRISNAZ, ZORYERNT 7 LE2H
BICH L7754 b= ZA%4T ) BIZSyk X Erk 3B b 4 X 5LATHETE TR 3
7= 2 X 5[60, 80, 81]. KLH 35k D NF-kB D &AL IZ Syk < Erk #3BI 5§ %
FREMEEZEL Y Y LA, 2 2C, SYkFRFEAIHAET TNFkB/AP-1 L R—% —fa
B2 KIH 2485 L2224, BEIZNFKB OEFEEDFZEMANMH SN,
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LoL. #2774 732 e —)LYE&T 4 Y NFkB DEFEEDE L) IR
FIZMH SN TV L YIETVE(, a9 WRz TR LA, 20K
R |4 Presicce H D, IRk IKMAEIZHE W T KH (2L 2fmlanibo 7+ bz
FEDO—EHIZMRIZL S KLH DRBE N H 2 X\ ) ME BT 5 [55],

F A Erk FEEAI A ET CNFkB/AP-1 L A — % —f@fai2 b W KH #2485 L =
Y25, ABIINFKB OBEFEEHOEHEMANIHI S NAE, 2D 5, Erkld
KLH 2L 2 NFxB D EHILICK S BB 252 (WL LHEIND,

MEDERNSKIHIEZ Y FH A P—2 R %273 L, B2ORB ML
UNFxBDEHIL2FET 252 51, KLH FHEME NFkB D& 1L 1212 Syk 4
ADOGTFTERDLLBEROBBEDOHEENTRINLD, ZORBRBEDIIL A LI Erk
RELINFKBOEREILE2FEHT LR INE,
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FI3FE KHRBICKHT 2L PERERICE T 2RNERIZERSE

BL1IEI W RKREERTMBY~T ) 79D 5000 % EDHE I NF-kB D
BELTETEEILT IREEND L2 PR INEZ, RVWTH 2 FTIL, KE
EBREMBHY~T) VTDODERDTHY), 5000k LD FELZEO~NELT =V
DI1TETH LA EH~ELT = (keyhole limpet hemocyanin, KLH) [Z NF-kB
DEFEEZEEILT RN LI YNRALNY LS 2, 2ZDEHLIIT Y
FHA P—=Y ZBRFARAFETICENWTIRSINAZZEDL KH AT Y RH A1 b
— VA, RWTHEHLZDOREZMNL T NFkB DEFERZERILST 2 EZ 51
o LIZ, REAOBELANL I YIZL > CIDFEMILIZIZ Syk x> Erk D
TR ) S, Sykld C® L 7 F U BEAR (C- type lectin receptors, CLRs).
complement receptor 3 (CR3). mannose receptor (MR). toll like receptor 2 (TLR2)
H L U Fey receptors (FeyRs) W ¥ D L 7 F U BRYBEAER T 29T TH Y,
IV R A M=V ZACKERYLDOMILISEIZILSYk O Erk 3B H 5 Z ¥ N
5[55,81], 2 2 TAEIZEWTIL, 2EaaRmiBAERE M ERBEKD THP-1

CKIH 235 LEBOSYkCEk Xy D) Vit 2 9 2 mia N IE Rz EAEAE 2
SV, EBRICBENEAFRINILT 2 RS VT oy T 4 v 7I2L - TBRL NI
T5Z2rv L7,
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ZB1H KHREKIIHTLESYDFod yHE) VERLERE

F1EBLVE2FICEVWT KHIZL A NFkB DEFEEDEELANAT Y K
AR ZBEAIZL > TR INAEZYNS KHIZZ Y R A b= 2 %
FlsfI L, ROWTHELZOREZMNL T NFkB OEBEFEEDETHILzFET 4
YEZOLNE, XLIZKIHIZL 5 NFkB DEFEE DO EZHEILA Syk FREA H %\
2 Erk FAEANICL - TIPHRISNAEZZ 25, KIHIZL 5 NFkB DEFIE DG E
TRIZSyk B LV Erk BB L E D RS2, 2 2 TRE Tl KLH 24 % Syk
DEEALIZOVWTIRALNIZT L2012, SYkDXF +— X EFHEDOEDREH IZ4ICE
BrInstFuoryriRE (Tyr525, Tyr526) [63]Y . Syk D * +—EEHED & DR
BICES T 5 F ol RREIM (Tyr323) [64, 65] (2H 15 ) YERILIZO W T,
AR T =AY v T7ay T4 27124 - CEHmL =2,

ABE LT E

3 % fe B

AREClL, FEBILQIE (56 °C, 30 %) % 1T - 7= 10 % (vol/vol) FBS (Thermo Fisher
Scientific, Waltham, MA). 1 % (vol/vol) GlutaMAX™ Supplement (Thermo Fisher
Scientific). 100 pg/ml Normocin™ (InvivoGen, Sandi ego, CA). % & & RPMI 1640

(Thermo Fisher Scientific) #/EHA L., 2 EEREamRmEHEREL N E3Rmhg
RO THP-1 f@Aa (JCRBO112, E FE A HFIEPT JCRB f@ha N> 7 . KIR) %= #3535
B L. RTORIEICAWE, Z7)LF v+ —K k)L (Corning, NY) Z{E/H L. 37 °C,
5%C0O, S — P TIZHE W THREE L 7,
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Syk D) VBRI L X)L 2 SF T 5 72 ® 2 Phospho-Syk (Tyr525/526 )Antibody
(C87C1, Cell Signaling Technology, Danvers, MA) ¥ . Phospho-Syk (Tyr323 )Antibody
(2715, Cell Signaling Technology, Danvers, MA) # 1 A L 7=, RIPA Buffer (10 X ) (9806,

Cell Signaling Technology, Danvers, MA) % fEfd AR Y L &AL 7=,

THP-1 fa R~ D KLH & 5 ¥ fa e 25 g iR 0 B

THP-1 (1.0 x 107 18) (2 500 pg/ml KLH, *#7 7 «+ 72 ¥ o —)L¥ L TRPMI
2485 L. 05, 1, 2. 5. 10 » 5\ (14 60 % 7% 12 1 mM Na3VOs, 1 mM NaF, 1 mM
phenylmethylsulfonyl fluoride (PMSF). Protease Inhibitor Cocktail (Nakarai Tesque,
Tokyo) % & & RIPA Buffer (10X )% f@fe 35 &R D 10 59D 1 Eifkm L | &= BIR IR,
KEIZ30 0 MBE LA, FLMAEKE 4°C. 20,000 xg T 10 % 0 L5 B
AL, BoNAELFEZ2XTORTVILEET NY) 2 L-R) 77 ))IL7 I K7
IVELR RS (SDS-PAGE) BL UV = 28 v 7w v T 4 v 7IELE,

Syk L ') VERIL Syk DR B
KLH & 512 1245 & /7= THP-1 fm a5 8 % 12 % Mini-PROTEAN® TGX™ Precast
Gels (Bio-Rad, Hercules, CA) IZCER&KE L, VN7V B2 8L 7=, Z DI&,
I RNT7A 79y 74 7% E (Trans Blot Turbo, Bio-Rad) # A\ T (25V £ &
JE. 20 %) 7 )L & & polyvinylidene difluoride (PVDF) i (pore size: 0.20 um. Bio-Rad)
128 VX7 BERET -, &FHROPYDFE L 7o v X » 7 7% & (0dyssey Blocking
Buffer, LI-COR, Cambridge, UK) ¥ TER, 1 Bk ¥ 79 L (79 v X v 7 24T - /=,
79y X 718D PVDFE % 0.1 % Tween20 % & &' PBS (PBS-T) T# ( Hk#IR,
SLIZPBST F T 5 9 x4 Bak#EL, —XRILEY LTI vERIL Syk FLiE
(Tyr525/526) (Rabbit monoclonal antibody, 1.7 : 1000) & % \M3 9L ") » Bt Syk 1L
A& (Tyr323) (Rabbit polyclonal antibody, 1.7 : 1000) % . 0.2 % Tween20 % & {’ Odyssey
Blocking Buffer /&, 4°C T8Ik ¥ 95 - F&Ib L 7=, X\, PBS-T T&E( %
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FIR, PBS-T T 5 59l x 4 ®m3k#F L, ZRILE Y L T Alexa Fluor 680 (Goat
anti-rabbit 1gG (H+L), 1 : 20000, Thermo Fisher Scientific, Waltham, MA) ¥ 0.2 %
Tween20 & £ U8 0.001 % SDS % & &' Odyssey Blocking Buffer J5 & T, K IREE T
50 m Pk Y ) L7z, S 5I2PBS-T T HRAFR, BXIKRETPBS-TH T5 %5 MH x
4 EHRF L 1R, PVDF B EDERZ AFKIIA A —2 7 2 AT L (Odyssey Fc
Dual-Mode Imaging System, IL-COR, Lincoln, NE) |2 T Br#2 K & 680 nm, # K& 700
nm CEXREGRZREG L TSyk B L) VBRI Syk DR E 7 1T - 7=,

& &

KLH RI%K 2§ % THP-1 o Syk ') v ER{t.$) R

THP-1 48 A2 (2 RPMI 245 L (/5 10 97 4& . KLH 245 L T/ 5 0.5, 1, 2. 5.
10H 5 \WIE 609D SYk D) VERILEIREZ ARSI AT 2 R v Tay T4 VT
(2T L 7= (Fig. 3-1).

THP-1 #8@ A2 |2 RPMI 235 L (/4 5 10 90 4& . KLH # 4% 5 L T/ 5 0.5, 1, 2. 5.
10 H 5\ L 60 5% D Syk DY 7 FIILBEZ BT 2 v, ) VERILIZL - T Syk
WEEALT L5 F v R Try525/526 1CBH L CTld, KIH &#51& 2 718 B LV 5
DRI T TIVENE R L2, — ., ) VERILIZK - T Syk R E RIS 5 F o
Y UFRE Tyr323 1B L TId, KIHE 5 60 9 R £ THO 2 7 FIVIZIE RS LR &N
RBOLNTN T LD YN, KIH RIBKIZL - T Tyr323 @) v Bt
HEATH P, Try525/526 28 VERIL I NS 2 X (ZX 5> CSyk NEBRILI NS Lo
HRIND,
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RPMI KLH No stimulation
Sampling time (min) 10 0.5 1 2 5 10 60

Gl 5 s

<Fig. 3-1> Effects of the KLH stimulation on the Syk phosphorylation at Y525/526 or

Phospho-Syk (Tyr 323) © -

Y323. THP-1 cells were stimulated with KLH. Syk phosphorylation of the cell lysate was
estimated through the Western blotting with Phospho-Syk (Tyr525/526) antibody or
Phospho-Syk (Tyr323) antibody.
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B2W KHRIZKICHT LSkt UEEY) VELERIZE T 5 PKCOE S

AREE 18 T THP-1 @A (26§ 5 KLH D& 512 L % Syk D E AL 122\ T Syk
DF oL K (Tyr525/526) 25V T KIH 35 2 9% 25 5 9% 12 1) » B ib
LNIWWDORENDFEZR I N, F o viRE (Tyr323) I2H Wit ) VEILDO RS
IZPER I N - 2o Syk dfERE N R B E R T L EIZF oy VEEIZBEWTA
Y VEBRILDETT 2SN T\WEA, fAF, ) VFRE (Ser297) (2H 1T 5
VERAL IS Syk DE ALY TR~ND V7 FIVIsEICERLIRE Z R T ¥ X #[63].
77 ASyk D) vFRE(Ser291) DY) VERILTIE, 7o T 4 X+ —+ Clprotein
kinase C, PKC) DBAE713H %2 ¥ SN 5[66], % 2 TARE TlL, KLH ®I#IZL % Syk
FBEIZEIT S E N Syk D) FREA (Ser293, w77 A Ser291 (ZHAE) DY v
BRI Y PKCORBEIZCOWTIALNIIT 272012 PKCHEEAGFET TKH z8&S5
L 7= THP-1 f@ A2 Syk (Ser297) @) v EIL Z /s kT 2 28V T oy 74 ¥

N4 - @ L =,

2 Syk 2 Z ST 4 /2 9|2 Syk (D3Z1E) XP Rabbit mAb (13198, Cell Signaling
Technology, Danvers, MA) %, Syk @ ') Y Bt L ~)L 2 3% ¢ % 7= ¥ |2 Phospho-Syk
(Ser 297) Antibody (14140, Cell Signaling Technology, Danvers, MA) % 1£ F L 7=, RIPA
Buffer(10 X) (9806, Cell Signaling Technology, Danvers, MA) # f@Efa xR ¥ | (1£ A

L 7z, PKC FEZE Al ¥ L T bisindolyl maleimide | (EMD Millipore, Billerica, MA) % {&

AL 7%~
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THP-1 M@~ D KLH & 5 ¥ fa i 5 5 R D BlHIX
THP-1 (1.0 x 107 18) % 1 uM bisindolyl maleimide | (PKC PEZE A|) & & T T, 37 °C.
5%C0,/¥— 2T IZH T 30 % M¥E&1% . 500 pg/ml KLH % #&5 L . 500 ug/ml KLH.
77472y e —)LY LTRPMI 245 L, 05,2 H 5\ (210 51&I2 1 mM
Na3VOs. 1 mM NaF. 1 mM phenylmethylsulfonyl fluoride (PMSF). Protease Inhibitor
Cocktail (Nakarai Tesque, Tokyo) % & &' RIPA Buffer (10 X ) % f@ iz 35 &R D 10 7 D
1EARML, ITAIRAIR, KEIZI0MB@BEL 2, HFon/EK%Z 4°C. 20,000
xg T10 MO CHBMICH L, BLMNALEFLZMTOSDSPAGE B L UMY = X

g rT7ay T4 v 7ITBL A,

Syk & &L ') Bk Syk DR H
KLHEEFRICH/E O N THP-1 i E MR F3FFH 1B YR LR THi L -

g /X7 8 % PVDF BZ (pore size: 0.20 um, Bio-Rad) [Z&F L, 7oy X v 7/ %
T-77. 79 v X 71D PVYDFREIL., % 0.1 % Tween20 % & & PBS (PBS-T) T
BOHRFR, SLICPBSTH TS M x4 E3HEF L, —RIUE L L TH Syk Ik

(Rabbit monoclonal antibody, 1.7 : 1000) & 4\ M4 $L!) » B 1L Syk IR (Ser 297)

(Rabbit polyclonal antibody, 1.5 : 1000) % . 0.2 % Tween20 % & &’ Odyssey Blocking
Buffer 729, 4 °C T8Ik Y 7 - FHILL 2, RW\T, PBS-T T8 HHFIR,
PBS-TH TS5 M x4®™H#u#&F L, = RILE ¥ L T Alexa Fluor 680(Goat anti-rabbit IgG
(H+L), 1 : 20000, Thermo Fisher Scientific, Waltham, MA) ¥ 0.2 % Tween20 &£ O}
0.001 % SDS % & &' Odyssey Blocking Buffer & /& % T, # AR AE T 50 oIk ¥ 9 L
720 3 512 PBS-T T8 FIR EAXIRETPBS-TF TS5 oM x4 2% L 1R,
PVDF R E DR Z ARSI A A — 2 7 2 AT 4 (Odyssey Fc Dual-Mode Imaging
System, IL-COR, Lincoln, NE) [Z THp# K& 680 nm, =X IZ&K 700 nm TEKE % »
BRELTSykH L) v ERAL Syk DR % 1T - /2,
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& X

KLH R 32X 3 % THP-1 o Syk ') » BR{t.#) f&

THP-1 @RI+ /7 ¢+ 72 bo—)L ¥ L CRPMI & 5\ 2 KLH 2485 L Th
LRREEEYIZ Syk DY) VERILBRE LKA T 2 XY T w74 v 72 CER
L 7= (Fig.3-2-1), THP-1 f@AZIZ KIH 2385 L {(Hh s WTFhoslaF TE, Syk &
IZIZIT—F TH - 2 THP-1 #@RLIZ RPMI 2485 L T4 5 05, 2 H 5\ 10 &
BRDOSYk DL 7 FIVEEIZIE, RESWAEARIERINL N -2, —7F . THP-1 fa
FLIZKIH 2485 L UH 5 05.2 H 5\ 12 10 98D ) VE-L Syk D & 7 F L& E
ZHERT LY, KHEESFKR 29K LN 10 7518 T Syk D) v ER{L S TTE L /=,

KLH I2& % THP-1 d Syk V) Y ERILICR T %4 PKCFAF A D B &

PKCPEZEAGETICHE W, THP-1 f@fig (2 KLH 245 L UH 5 05, 2 H 5 \\id
10 9i& D Syk D) VERLERE ARSI 2 RS VT ay T4 V7 IZTCEE L
7= (Fig.3-2-2),

PKCHFAIDHEIZEH LT, THP-1 ABAEZIZKIH 285 L TH LW N efi
wCEH, Syk BIAIZIET—FCTHh -7, PKC IEBETIZH T, THP-1 f8AZ (2 KLH
G LUHNHS 25 LUN10 912 D Syk (Ser297) DY) VERALONTLE L 2, — T
PKCRREAIHZETICH WL, THP-1 ML IZ KIH 2% 5 L (/5 Wi o el
(ZHWTE ) VERILNH S Lz,
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RPMI KLH No stimulation
Sampling time (min) 05 2 10 0.5 2 10

<Fig. 3-2-1> Effects of the KLH stimulation on the Syk phosphorylation at Ser 297. THP-1

cells were stimulated with KLH. Syk phosphorylation of the cell lysate was estimated

through the Western blotting with Phospho-Syk (Ser297) antibody.

PKCinhibitor — — — — + 4+ + 4+

Sampling time (min) 0 05 2

<Fig. 3-2-2> Effects of PKC inhibitor (bisindolylmaleimide |) on Syk phosphorylation of
KLH stimulated THP1 cells. KLH stimulated THP-1 cells were estimated through the
Western blotting with Phospho-Syk (Ser297) antibody.
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38 KHIZL S NFBEFFTHENDEFTMREIIZEIT S PKC DS

AEH 2B CIA, THP-1 4MIZH W CKLH 2L 2 Syk ot 1) v 8% (Ser297)
D) VEALHY PKC BAEARNIZL > TR INL Y PNRALHY D 52, 2 2 TK
B Cld NF-kB/AP-1 L K — % — @B l2 5\ (. KLH 12X 2 NFxB DEFTFHRO L
PALIZH T 2 PKCHOEBEIZOWC PKCIREAZAVTHAL NS 22 2 L £,

PKC PRE #| ¥ L T bisindolyl maleimide | (EMD Millipore, Billerica, MA) %1 A L
=

7 ik

KLH I2& 2 NFxkB&FEEDEHEALICRITT PKCOBE

1 uM bisindolyl maleimide | (PKC FAEAl) % & L 3E3 D NF-xB/AP-1 L R — %4
—f@ e (6.0x 10° 1) % 37°C. 5% CO,/S— Y T IZ2H T 30 o Ml# %, 50 pg/ml
KIH 2% 5 L7, £/, 2477473 ho—)LY LTRPMI, RV T 1 73
ho—)Lx LC01lpug/miLPS #4885 L, &< D SEAP EHE % AT L /=,
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& X

PKC FREAIGETH L NEHEETIZH VT NFKB/AP-1 L R— % —f@fa |2 50
ug/mlKLH, #4757+« 732> ho—)LY LTRPMI, AP T+« 7322 ho—)LY L
T 0.1 pg/ml LPS % 45 L T 24 B4R O NFxB &5 &1 2 P46 L /= (Fig. 3-1).
PKC FRE A HZ TIZ2H T, LPS, KLH & %2\ 14 RPMI Z &5 L 72 B2 D NF«B 5
EEILPKCPEFAIFGEET TOBZILXDONFKBEFERE LR L CREAIZ LN
- 7= (Student’s t-test /£, P<0.0001), KR EDFERN L, KLH (2L %5 NFkB D #EF
SEDOFEAIIH L, PKCHRBE 2 RIT T TREIEVWEHER I N,
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<Fig. 3-3> Effects of PKC inhibitor on the KLH-induced NF-kB activation. THP-1
reporter cell was stimulated with 0.1 ug/ml LPS or 50 pg/ml KLH in the presence or
the absence of 1 uM PKC inhibitor (Bisindolylmaleimide I). Values represent mean+SD
in six assays. There is no significant difference from values in the absence of the

inhibitor, P < 0.0001 (one-way ANOVA and Student’s t-test).
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%48 KHRKICHTLEKkD) VEBILBREIZE TS Syk DS

E1EPLLPE2FICHPVWTC KHIZZ Y R A b—2 2 %3] X482 L, R
THRL2OBRELZML T NFKB DEFETEDOITHEILLFET L EZ LN, S
S502KLH 12X 2 NF-xB DEFEHE DO EHEALA Syk FRE Al H 4\ (2 Erk BFREAIIZ L
> TMHEINEZZ YL KIHIZL D NFkB DEFE D EHEILIZ Syk & L U Erk
PEHLEDYHBRI NI,

Z ZCAREBTIE, KLH (2L % syk B b Y Erk B Ebo@2E(ZoOWTERL
T L7012 SykPREARIGFET CKIH 245 L 72 THP-1 fmfe @ Erk ¥ ') » B& 1L Erk
FRWEARNIRT 2 RS Y Tay T4 Y TIZK S B L 7,

2 Erk 2 3@ T % 7= ® |2 Anti-Erk1/2 antibody (EPR 17526, Abcam, Tokyo) % .
Erk @V Y EIL L )L 2 SF@E T % 72 ¥ (2 Phospho-p44/42 MAPK (Erk1/2 (Tyr
202/204), Cell Signaling Technology, Danvers, MA) #{&H L 7=,

THP-1 AR~ D KLH &5 ¥ fa B 5 A A D BHIX
THP-1 (1.0x 107 18) % 10 pM Bay 61-3606 hydrochloride (Syk FEE &]) & & T T,
37°C. 5%CO/X— Y TIZH W 2 B3 &IZ, 500 pg/mlKLH #4#& 5 L. 0.5, 2
»H AH L 10 97212 1 mM NasVOs. 1 mM NaF, 1 mM phenylmethylsulfonyl fluoride
(PMSF). Protease Inhibitor Cocktail (Nakarai Tesque, Tokyo) # & &' RIPA Buffer (10
X )24 ERRD 105D 1 EhmL, BERMIZ, KEIZ307MBEL =,
BOoNEBEREZ 4°C . 20000xg T10 MO OB L, FonLiFL

MLTDSDSPAGE L L U7 = RF v T7way 74 v 7ITH#LE,
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Erk & 8" Bk Erk DR B

Syk FREAI G & T CTHP-1 f@le ~KIH 235 L (o h/-falsRks %3 F%
2 B Y RB AT HETSDSPAGE L N7 = R v T uy T4 v 7ICHLE, ©F
T2 ATy T 4 7L L Ek RN VERAL Erk DR B IZIE, X X Erk
YR ¥ L T Anti-Erk1/2 antibody (rabbit monoclonal antibody, 1 : 600, Abcam). ') >~
B At Erk ¥L1E ¥ L T Phospho-p44/42 MAPK (rabbit polyclonal antibody, 1 : 600, Cell
Signaling Technology) %1 L 7=,

& &

KLH RIBK X3 2 THP-1 D Erk ) V BR{LE BB H L U Syk FREH 0 B8

Syk IREAIHZETIZH W, THP-1 f@BIZ KLH 2485 L U495 05, 2 H 5\ (4
10 98 D Erk D) YEALBE L AFKRINIE T 2 R Y VT oy T4 Y 7IZTCERME L
7= (Fig. 4-1)o THP-1 fEAEIZ KIH 285 L (L5 WTF o i CTE ., Syk FRE A
DEEIZHALLT Erk BIAIIIT—ETH-7, —F. THP-14@RE(Z KIH 285 L
TNL29%BDY) VERILErk D v 7 FILVIBE 2 kB § 5 ¥ KIHIZ 5K 2 9% H
L1095 1% (12 VERIL IS TLE L 7=,
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without Syk inhibitor
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= under Syk inhibitor
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<Fig. 3-4> Effects of Syk inhibitor on the KLH-induced Erk phosphorylation. (A) THP-1
cells were pre-treated or non-treated 10 uM Syk inhibitor (Bay 61 -3606) at 37 °C for
two hours. THP-1 cells were then stimulated with 500 pg/ml KLH at 37 °C for various
periods of time. At the end of the incubation period, cells were lysed in a RIPA buffer
with inhibitors for 30 min on ice. After centrifugation (20,000 g, 10 min, 4 °C),
supernatant proteins were evaluated through the Western blot with antibodies,
anti-Erk1 /2 antibody (EPR 17526) or anti-phospho-Erk1 /2 (Tyr 202/204).

(B) Phosphorylation signals were normalized to total Erk1/2 signal intensities in the
panel (A). The graphs represent mean + SD of values obtained from three independent
experiments. *Significantly different from the initial value in the absence of the inhibitor,
*P < 0.05 (one-way ANOVA and Dunnett’s test). TThere is a significant difference
between values with and without the inhibitor at 2 min, TP < 0.001 (one-way ANOVA

and Student’s t-test).
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Bo# ER

FIEBLLUVE2EFTIEKHAZ Y R A F—2 X %3538 L. RWTHEXR
DML TNFKB DEFEEZ FHEMLIETVLFREND ) KHIZL S
NF-kB DEFZTEDFTEAIZIZ 7 7 TH A =2 ZCREL Y OIS EIZHE

25F D Syk % Erk DS N HER I N,

RETIE, KIH (2L 5 Syk dFHELIZoWT, Foiv3kE (Tyr323) (26T

L) VERALIAFER I N - 2 0Y, Fu v viRE (Tyr525/526) B L Uk ) vk
& (Ser297) I2H T4 VEILOTUENRL NY L -2, ZDKHIZL % Syk D
) ) VERLIZ PKCRFAIGETICHE W TIMHEI SN AZAKH 2L %4 NFxB O
BEEHEOFENMILPKCHEFAICL > TR ST -7z, 2D YL, PKC
ITKLH 2L 5 Sykpt ) V3RE) VERLIZEE 2 ZITT 4% KLH (2L 5 NFxB @
EEETHEOFERILANDEZEIIRITL COWLWYHREIN, o) VA LA =
vEXFT—EHLrEdFu XS LI L AR DOTREEND TR I NS,

FACKHIZL % Erk DY) YBERALD ARSI AT = XY T vy T4 Y TI2L -
TRLNY L -2y 2TOKHIZL 2 Erk DY) VERILIE SykFREAR G A TIZHE W T
Mz, 2OZrns, SykIZKIHIZL 2 Erk DY) YELICE ST 42 8 DY
WREIND,

Syk B LV EKIZKIH 2R/ L THLSRSMTY VERILI N T\, 20~
BRALEL RSB FIR 87 (23 o L 218, BAY T 2M@E™m 2, RTAE TR INENRN
Ky —8KT % [63,91]

MEDZ YNNG KIHIZL - THEINLNFKBDEMILD 2 7+ LR (Z14,
SykB L UPEkDY) VERIL RS T 2 E DR IN L, Syk D ) v ERIE 14, Ser297
[2OWTIEPKCDEE XI55, KLH 12X 5 NFxB D F %1284 % Syk D )
VERILICARE LS 2 VWt oI R I N, £ SYkIFErk D ERICHMET S

62



28, KLIH 2L 4 NFxkB D EHEILIZEH 2 Erk D) VERIL~DRE I 5890 D

YIREINS

KLH

‘ Dynole34 2
- Endocyt05|s
smm\,’

525/526
Blsmdolyl Tyrs25/ ‘
maleimide |

Bay 61- 3606

# Translocation
—p-  Activation

=  Transcription
=] |nhibition
®

Nlmbollde
- — - Phosphate
%

/ Inflammation

|—>'|I'NFm, IL-1B
\

<Fig. 3-5> The signal pass way of the KLH induced NFxB activation.
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F2AF b VEREBIZCHITLKHBEFERSY VX7 EDOERER

FIEBLLUVE2ETIEKHAZ Y R A M= X %3538 L. RWTHEXR
DRBEEZMLTNFKB 2L I LTTRENDTRINEZ, £ 3 FIZHEWT,
ZOKHIZL > THEIN L NFB DEEAL > 7 FH LRI 1213 Syk 5 L OV Erk #°
B532528nmisni, AFETIE, b FER@IE (THP-1) (2 TRERISER
BRELZAVCKH ¥ KIHBEERY V87 B2 8B L, KIH Y BEFER L T
NF-kB DERILEZFET 25 VXV HERERT L2 v L,
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B0 ARCBEEBREZHAVWEAL VERBRICHBITSKHRBEEARS ~
RTBDOERE

ARECIZKIHIZL - CTHFEINLENFRBOSHEREZAL NIIT L7012,
EAFoBBES2AHA L, THP-1 IS W KH X BEERT 29 V37 K
PR L, EAFURBES YL, BOWHEICESF L 20O EICHEELE
AT 2HE LRIk AR/EILALRIC, EXURLEZT- (HOYWEDL %
BEES L2 I2L), EXAFUBRINABEERAYE 2B LT ETH 5,
EAF U RRERICIE, ARICHERBAED 1 EThH 2L Sulfo-SBED # A\ 7=,
Sulfo-SBED [ZR¥#IZ NHS T X T )Lo3h 1), SSBEZNL A F#HOKIZEA F
VYRRIREDFFRT U N E eIl E oS HFo (Fig. 4-1) .

amine-reactive
moiety

photo-reactive
moiety

<Fig. 4-1> Chemical structure of Sulfo-SBED
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ABH LT A

KRG ERAER D 1 Th % Sulfo-SBED (Thermo Scientific, Rockford, IL) % A\
7=o Sulfo-SBED (ZZE LA IZ L - TIBT S M 4 SSEESIML, L N EA F V3R
D2ODY vNT HESHMN L W L, EILAl Y L T 2-mercaptoethanol (Wako)
% A\, SDS-PAGE 2T 24> 7))L Ny 7 7 —¥ L T Laemmli Sample Buffer

(Bio-Rad) % A\ 7=,

Sulfo-SBED # & KLH (KLH 7v—7) D/F#
1 ug @ Sulfo-SBED 2 25 uL @ dimethyl sulfoxide (DMSO, Wako) # iAo L CIE#

%12100 ul DAEB A Z F L2, % 20 pul D 10 pg/ pl KLH 1270 L 7~ 1%,
AT CTI0FHERICHELZ, SLICIMNZEXLT T—8, 4°C T, 2,000MW
BEIR DB AR (Slide-A-Lyzer Cassette: Thermo Scientific) % FA\ T PBS (Zxf L (&
HLEEDZ KIH 7o —7 2 LIURTORIEIEALE, £ KH 28K
Sulfo-SBED (2> W T E RIR LI 21TV, S hzar bhu—L7o—=-7Y [ f,

KIH 7o —7¥ t F ¥Rk (THP-1) I2H T 5 KIHBEERSY V37 B LDk
RS

THP-1 (5.0x10° f8) ICKIH 7o —7 v ay ho—)L7o—7%2&%5 L, 2%
1% ¥ 22 5 1% 12 ULTRAVIOLET POLYMERIZER (® R 1 — = 4, RE) %1 H L T 18
SR UV A (k345 nm, BEEE: 3 cm) 21T -7, UV RBHR, 7 = )LD fa
fa 7 33 T Y IR L, =L RE (1,200xg, 20°C . 10%) L 7ARICEFE »mEE
L7, Z5I2PBS 2m L Ty B (1,200xg, 20°C . 104 (2L, L&
PRE L2, MR L v M2 1mMNasVOs (Wako) . 1 mM NaF (Wako) . 1 mM
phenylmethylsulfonyl fluoride (PMSF, Roche, Basel) . Protease Inhibitor Cocktail
(Nakarai Tesque, Tokyo) # & & RIPA Buffer (LX )% Am L, &BIRMIKZ, KL
30 MHBE L2, BoMNLERYECHE (20,000xg, 4°C . 10 %) [21F L.
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ETHFEEZBRLZ, LEFEDAHD1ED 4 x Laemmli Sample Buffer (Bio-Rad) . %
7= 13 10 % 2-mercaptoethanol (Wako) & &’ 4 x Laemmli Sample Buffer # #m 2 T & <
Be L., I (95°C, 59) LEEDEXRTDSDS-PAGES LW 7 K7

vy T4 v 7IZHEL

KIHRBEERS v X7 HEDKRE

MABATHELNEZRAMNZ 2215 %07 722 AR 77 )7 2 K7L (Multi
Gel2 mini2/15 (13W): I R E/34 4, BR) CEQRB L, 70 7 Hip T8
BIIDBEL 2. 2 DRI N7 4 79y 7 1 7 3% & (Trans Blot® Turbo: Bio-Rad)
FRWT (L0AEEM, 30%) &~V 77 VIL7 I R7ILH 5 PYDF BE (pore size
0.20 um, Trans Blot® Turbo Transfer Kit: Bio-Rad) (2% v /X7 H 2 &F [ =, #&FIR
D PVDFE% 7w v ¥ v 77K (EZBlock Chemi: 7 b —. RR) & TEIRIZT 50
SRR ) LT vy X7 %2175/, XD, PVDFEE%Z 0.1 % Tween 20 Z &
¥ Tris buffered saline (TBS-T) T# ( k%R, S LIZTBSTH TS5 x 4 ExF
L. streptavidin Alexa 680 conjugate (Thermo Scientific, 1:6000) % & & TBS-T ¥
TERIZCBWT. 507 M¥k Y 9 L 72,PVDF BEE % TBS-T T# ( B#FR. S 5 (2 TBS-T
PTU59 x 4=pF L, TBS T & L /212, PVDF B LD S & s AR o 47 A
A= v 7 AT L (Odyssey® imaging system: LI-COR Biotechnology, Lincoln, NE)
2 Uik & 680 nm, = HIEK 700 nm TEABEZELZRSG L, B8 Y VX7 HD
BRE %17 - 72,

X

KIHHEER Y v/ N7 EDRE
KLH ¥ ARIGCZEAERFE Sulfo-SBED # AWVWTHER L~ KIH 7o—7¢ L < (14

Sulfo-SBED N4 D I v hu— )L 7o —7%4%&5 L, UV BE % 1T - 7= THP-1 fafa
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DAL IEEERIZ OV, SDS-PAGE B L UA ML 7 T ED v 2 RAWEY VN
Toy T4 v %5 (Fig.4-2)

KIH 7o —7%3&5 L/~ THP-1 fmfead ) &, ZILAl Z & £ 20\ Laemmli Sample
Buffer T L 72341214 200,000 R LD FE % £ 28 VX7 BHD/N Y K)vER
FEIZCRE SN (Fig. 42 BRA) . EILAl# &L Laemmli Sample Buffer T&
BLEFKFIRBL Sy FER O SN LT - 2, £ 2 BLAIAHE T Cld 180kDa
fF:t (Figd-2 REWEFERRK) BLUKETH % 0330kDa 134 (Fig. 4-2 /b I W F
RE) 12Ny R onrzn, BNAFEFET CRRKRL Y LTI LA YR
B LN - 72 KLH 14 RS 2245 A Sulfo-SBED @ NHS = X 7 /L#f ¥ & e L <
BEL,UWBHEDETLLIBIZL > (EAF VEBESLT S5, L4 T, KLH
Tuo—T7tRELEARKD )L, BELAGFET TR LN 180 kDa H L U 30
kDa fF:Eid /N Rld, EAF VL KIHBEAFR Y VXV ENA ML T T ED Y
L - TREBEINEZEEZ NS, 72, BTLAEHFET TRH 5 72>200kDa
DY FIEKH D Fwr R 2k L CKLWH FBEAEM ¥ >~ /X7 H 4 Sulfo-SBED < &
STRBRELELOVREINEYE-EINS,
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2-mercaptoethanol + + + + + - - = — —
KLH - - - 4+ + - - - + o+
Sampling time (min) 0 20 40 20 40 0 20 40 20 40

{x103)

20

15

101

75

50

37

25

20

15
10

<Fig. 4-2> Ligand blotting analysis of extracts from the KLH-probe stimulated THP-1 cells.
The supernatant proteins were separated in 2-15% SDS-PAGE gel. The supernatant
proteins were evaluated through the ligand blotting with streptavidin Alexa 680

conjugate.
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B2 HEOWICLAKHBEERS VN7 HEORE

AREFHLIHIZBEWT, BLANCL > TSSHEESINIR TS 5 BRICERBR
BYKHZ2#&ELAKH 7o—7% THP-1 f@fa (235 L KIH B L ' KLH ¥ 18 &
ETRT 29 VX7 8% UV RBHICL->TRBL, BB L (GLlallz@iis
SDS-PAGE BL WY AV K7uo v T4 v 71 LE, ZOKE, BTLAEETT
AL 3P D 4 180 kDa fF i, #KE TH 5 AY30 kDa fraiiZ B4 F by »
NTZENRBEINE, TNLIE KIH BEERY VX7 BETHhLLEESIN, B
EoMEtz AW INLDY VI HERIET 22 Y L7,

7 ik

TFhvomh)dELYBLE

AEHLEHO U ARHERICLVFGONEZEAMEZ 2215% 7722 bR
77 VIV 7 I K7L (Multi Gel2 mini 2/15: 2 A E/34 4) TERQ &L, 5 v
RNITIBETERICHBM LA, ZOKRY) T 7 )ILT I RSV % Bio-Safe™
Coomassie G-259 Stain (Bio-Rad) ¥ TERIZCHF W T 4 MR Y 71212, BHEHKT
BCAREL, 1M x 2 ERFR, SLICRBMARF TCERBICT—BRIKRY I LA,
CORVTIZVILVT I RTINS B2 DRI BEEEIZOWT, £ 180kDa 346 L
(N30 kDa fF3ED 7L % 100 % X%/ — )L THELAEAZZRACTW ) H L =,
WYELEZLVEZH ImmxlmmBE I L, 200Ul D<A 7 9F 22— 7|
=R L 7=, 7L/ NA % 100 ul AR T—E R ER, BRER (50 MM RERKE T
YEZTLIS0% AF S —IV) BTN R LR EMZ T 40°C T3 HMA Y
2= LATINVOBREXIT- 7=,
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7V NE AL

BLER DT IV IR % 100% 71 b= )L THRAKL, BREZRQIZL > TR
SEB, YFA LA M=) (DTT) #%& (10 mM DTT/ 100 mM R BR KK 7 ~
TZT L) #ZT50°C CLEMA v F 2= L, BETIVINAZ 5%
X, TILFILIER AOmM F— R7 1 F7 3 F/100mM RERKERT ~E
L) 2 TIVERESIEAREBREL TERICIODHIFEL 7, ETT -
TILX AL D 7L N R 2 BAAKTHREL.SOMM REBKET VT =7 4/50%
AL ) =)L ez T40 °CTI5 54 v F2X—h LA, LEZHRELALKR. B
N50mM REERET V=7 L)/50% A%/ —)L%EmZTA40°CTI5H5 1~ F
2 N—hFLAKR, TIWVIREFHGIC8IEIE, JHILEBEZRER (20 pg Trypsin
Protease (MS grade, Thermo scientific) / 1.5 ml 10 mM REKE7T v E =74 10%

T h=KhYI) EZ, 37°CIZBWT—8, BEHEILEZIT- -,

BT F Kol - Bil3g

M) 72 VHERRDO TV S,01% MY 7L A oBEER/50% Tk b= M) b,
01% )7/ A oBEEE/60% 71 ~=F)J, 01% ~') 7L+ oBEE/70%
T =M )IILBELV01% N)T7ILAOBEEE/ 80 % 7T =Y ILTIHEILR
TF NEddE L, BEL A,

HALN T F FORBMEIZIL GL-Tip™SDB (GLH A4 = > Z, ®RR) ZAWVWT, 20D
BMSORWABE L L EICRIELIT -2, SDB F v 722 QT7 S 78 — (GL 4
ATV RA) 2EAEL, 15mLF2—712ky ML, BEAB% 7€ K=k
DL/01% N 7LV A OBEE) %42 C3,000xg T2 L, X510 B
(01% R~V 7)Ao BEEER) Z/mZ T 3,000xg T2 mEQ L CRFEFILEZT - 2,
P L2 SDB F v 7IZH Y 7Lz mzZ T 3,000xg TS5 HELZ ATV, JHILA
TFREREIEE, ZDBRBEHEB #/mZ T3,000xg CT10 w5 HL % TV, 2%
AT - RIZIZHEBAZMWZT3000xg T3 HHOZITV, X7 F KL2EH
L 7=,
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HEOMICLZKHBEERSY ¥ 37 EDORIE

Btig L 2 7H1b~<7F Nld. cHIPLC System (Eksigent ekspert™: AB SCIEX, Tokyo)
& L 7= cHiPLC® System NanoLC-Ultra™ system (Eksigent ekspert™) TH & L 7=,
NanolC (ZH\\Tld, 0.1 % ¥EZ ABRK, 01 % FER/ 7L =K IL%Z BBER
¥ L7z, > 7))L 2ul % Autosampler 2 TH XN L, cHIPLC trap column (200 um X
0.5 mm ChromXP C18-CL, 3 um., 120A) (2% & X &, 10 % M A 7 2 ul/min Tk
B EAT - 72 R\ T 300 nb/min DB H 77 7 4 =~ kT nanolC cHiPLC column(75
um X 15 cm ChromXP C18-CL. 3um. 120A) (2L 2 9Bt #4T - 7= (Table4-1) . 7
7 LS D IR % NanoSpray® Il source (AB SCIEX) % A\ T TripleTOF® 5600
system (AB SCIEX) (2 XN L /=, ¥ v X7 B 6 F A A information dependent
acquisition: 100 msec @ #& H 8 ] ¢ m/2100-1600 D &L % MS BIF L, —F DB &
FRBZEE—7I12o0WT 1 A4 7))L T2I2 20 AD MS/MS % RIE L 72, Ql
transmission window % 360Da ¥ L 4 &M ¥ L 7=, % MS/MS @ B 7F 85 i (4 250msec
CL 1A 7NV 23BTRELE, & MS/MS 7T —F 12255, UTIZTRY T —
¥ ~N— A % F\\ 7= Protein Pilot TM V' 7 7 = 7 45 (AB SCIEX) T7 — 4% ~N— X
t—F %47 - /=, Uniprot (http://www.uniprot.org/) ™ 5& 7~ b g V37 g
T—%+ty b (2016F 4R 1B 7 a9—K) LKIHDY VX7 BETF—5 &>
M (016 F4R25BY 7 vu—R) 26btdrtn% 77— N—22 L {£H
L7,

BlE S M7= KIHABENER Y v 37 BIZB T % insilico BT

Protein pilot THAZ INEFERDI L, VX7 HORERKRIZHT % Prot
Score (ERF(ICHRETRE) OBEMENPREZH\E D% Protein Pilot 4T 7 — %
Y L7z KIH7e =725 L T200R A0 9REEDOELZBRNT -9 N5,
D2y hbu— T u—T7%KE5 L T2 5RYE 40 R EEbYE BT T — 5 2R
HLOKHBEAFRSY v 7B ) A2/, RERIEIIRFFE (i3863.25) %
FAWTIT - 7=, £ 72 R & 3(i386 3.2.5) % A \» T Uniprot(http://www.uniprot.org/)
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NLGEE NORBERY VXV EDT—F £y h (2016 F9R2BY 7 v
— M) IIRHL BN T 258 L, BY VXV EDBRZIT- 72, 5512,

Kyoto encyclopedia of genes and genomes (KEGG, http://www.genome.jp/kegg/) T2
XMW b 8N 7 b7 =7 basic local alignment search tool and KEGG
orthology and links annotation (Blast KOALA) ZRAWT, 7/ 7—Ya B LW

KEGG ¥ v & v 7 #1T - /2[92, 93],

FER

BESMICLLKHBEERS VX7 EDORE

AEHLIBO UV ABHERICL NG OLNAEIFCETA ZREFR.2-15% R
VD77 )IVT IRTFTIVTEIXREL, VX7 BEETERICHEE L T 180
kDa ff#1, H LN 30 kDa a7 )L ) B L, ZHOTIVATHILIZRIZTZ L)
S LAY VNV HEEESH AT LA THBIRICEERA L7ZKH 7o —
TG LEBN TSI 0L, A b= VT Oo—TERELEENT D
BERIEIZIR T (386325) AWET w7 7 I V72 L - UiT - 7=, 180kDa
frat, BLU30 kDa s IZHE W, 2v ho—)L7o—7%%&E5 /= THP-1 4@
DL TREINES V37 B4, 180 kDa A3t Tl 64 #$8, 30 kDa 34 Tld
74 FEB, KIH 79— 7 %385 L 72 THP-1 ME D L ICRE SIS v X7 Hid,
180 kDa A3 C13 59 f %8, 30 kDa fT3 Cl2 51 B TH -7z, KIH 7o — 7 & #&
S5 LATHP- 1@l L TREBINAESY VX7 EIL, KH Y BEVER L 7= 7T fEdE o
H 5 Y HE S (Supplemental data) KR IZTR T HETERE, £ 21358 L 7=,

BREARZ TSI VN7 HDRE
HB3IEEF CICKHIZ 7 7 I A4 h—2 A %5 3#2 L UNFkB ZEMHb X ¢ 2
VHENH LY e T LE, £/ KH 7o—7285 L (SR E To

BRI S 40 9 BE Ch-7~2 8o, Wiy v 7 e NORSY 37
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B LY E v MEEAT 29 V37 4 KIH YHBE/ER L, miank
PHE L LFEDOYRFEELLECE, 220, BEDW Y AT L THBEIRICE TR
M L.KWHBEERSY V7 By LIHEINLEY VX7 ED I L, £ NDERE

EWESY VT BIZEENLEDEEHRHL, BNICAVWET I XN—ZANLEE
B VNTEDOT I BEINERIIHTELMEL (o TF2IE (BIE) (2T L

7= (Table 4-2, Table 4-3)

180 kDa FF 31 %™ &5 |4, G-protein coupled receptor 98 (GPR 98) . symplekin. integrin
alpha-4. integrin alpha-5. integrin beta-1. differentially expressed in FDCP 6 homolog.
heat shock cognate 71 kDa protein. target of rapamycin complex 2 subunit MAPKAP1,
protein kinase C & & U} casein kinase substrate in neurons protein 1 %%, 30 kDa 131 %
514, desmoplakin, plexin-A2. adenylate cyclase type 5. calcium-activated potassium
channel subunit alpha-1. desmoglein-4. leucine-rich repeat and fibronectin type-Ii|
domain-containing protein 2. heat shock protein HSP 90-alpha. heat shock cognate 71
kDa protein. syntenin-1. voltage-gated hydrogen channel 1. sodium/potassium-
transporting ATPase subunitbeta-3 7VER B ERE Y v X7 B Y L {RHEHINE, Zh
COKHAMAEERRSY VX7 BEBIZIZ, 77 T4 F— 2V AB LU Erk DB

b AREERE O, BRLRICHADLLIREEZFHE St eI ATV
o $0hbE, RHINAEZEEEMR KHBEEFRY X7 EOoFIZI1E, 53 =&
FTCOBRTCTRINEKHIZL L7 7 TH 4 =2 ZADFHFFICErkDEEAIZH
LT %2> TVWLEDNESTNLTREENG V. AL, RESINAER
EE KH BEFRY v 37 HEOFI2IE, MEPALHIZL > T vwint &
EFnCnri, 3907 oL ) FaiBaky KIH Y OB EIC>WTIERE
HAHDOER TR L 5,

REXNAKHABEERSY /37 H ? KEGG Blast KOALA 12 & 258
BES>MWHIZCL > CRIEINE KIH BEEFRSY VX7 EIE, 9T =2NE (FBIE)

|27~ L 7= (Supplementaldata) » £72. Z# 5D ¥ /37 B4 Kyoto encyclopedia
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of genes and genomes (KEGG, http://www.genome.jp/kegg/) DEEHT/ 7 b7 =7
Blast KOALA % FA\VC[92,93]. 7/ 57— a3 v ¥ KEGG < v E ¥ 7 %47\, B
T LB T RL

ABFFRIZHWTKIH (2L 5 NFxB DEMHLICHE LS5 2 5RTY L TEBL
7= Syk X Erk ¥ DB SN EIN L S 237 HTHh % 14-3-3 protein sigma % 180
kDa fF3iH L N30 kDa L D@ T IZH W TRH S 1172, 14-3-3 protein sigma (3.
14339 7B 771 —D1EC, 14335 3787 7 1) —Id, ar=b L
RS X7 B D Integrin WX ICEES L TWE, £/, 2 0EHNY VT HE
VUBiL L, ZOFHEZRAGE ST L, LWL Y VNV EBEEKR R L T, i
FAEDEIE, DML ORI L Y ST D 7 HILVERAE T 5[94), KEOERIZH
W E, 14-3-3 proteinsigma  (#7 28,000) #¥180kDa i ERB I/ 2 ¥
NH, BEREZEZRL TVWELEDETRING, LEDN S T KHZXEDTRT
|2 14-3-3 protein sigma DEEERTZRIZL L 0 7 FILDORENITHMN L TREE €
BETE 5,

$72.30kDa 12 H T E S #1172 NLR family CARD domain containing protein
4 (NLRC4)lZ, @B EKRDOBERTIZL > TEREILT 22 B4R T [95]. Syk ¥ Erk
ZAMLTNFxB 2 EHILIEIRBYBZELLIBETA V7 772 — LEFRK
LTREREZLZFINTL2BARZIERAICBVWTERZLEH S 28> Nod B2 EHED
1% T3 %5, NLRC4 1249 116,000 TH 4 12t 5§ 30kDa 38 THRE X172 2
YIS KIH R BERIZF O NDOMARIZL > TH B S 72 NLIRCA BT A VR S L /=
tOYHRING, ZCOZUNLKHZXBEDTRTIE, 127 73— LK
/REZB® Y L7z NLIRCA O BC, RHNLA V7 77/ —LDKREBREIZH T
%L NLRCA DR L NI TWLTRENEZ LN D,

MEDERNS, KIH 124 - THFE I N LRI EIZoWT, Syk X Erk 21
T LRI Z T NRCA NIRRT 54 v 7 727/ —LEREMNLZRE L RBE
EZITCVWLTREMENEZ L, Z 2 CUKIHIZL %4 NIRCA » BB L L %Z 7 =
AR vTay T4 v 7IZLd-TEFmT 4207k,
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<Table4-1> B 7 771+ =~ K

AVEIR 01% ¥BEf, BIER01% ¥F8/7E b=k )L

B (5) A (%) B (%)

0 98 2

70 68 32

71 20 80

75 20 80

76 98 2

90 98 2

<Table 4-2> 180 kDa ff A N LR S N Y VX7 |
protein name MW (x1073)
G-protein coupled receptor 98 693
Symplekin 141
Integrin alpha-4 115
Integrin alpha-5 115
Integrin beta-1 88
Differentially expressed in FDCP 6 homolog 74
Heat shock cognate 71 kDa protein 71
Target of rapamycin complex 2 subunit MAPKAP1 59
Protein kinase C and casein kinase substrate in neurons protein 1 51
<Table4-3>30kDa FF#I N LRIB I NFEESY VX7 H
protein name MW ( x103)

Desmoplakin 332
Plexin-A2 211
Adenylate cyclase type 5 139
Calcium-activated potassium channel subunit alpha-1 138
Desmoglein-4 114
Leucine-rich repeat and fibronectin type-lll domain-containing 85
protein 2
Heat shock protein HSP 90-alpha 85
Heat shock cognate 71 kDa protein 71
Syntenin-1 32
Voltage-gated hydrogen channel 1 32
Sodium/potassium-transporting ATPase subunit beta-3 32
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Supplemental data

180 kDa A ICHB W T KLH 7o — 7& G THP-1 @l D AREB L 27 V37 K

> 180,000
MW ) . : )
(x10%) Protein name Physical function and disease KEGG Pathway map No. and name
633 Midasin Translation 03008 Ribosome biogenesis in eukaryotes
515 Dynein heavy chain 10 axonemal Neurodegenerative diseases 05016 Huntington's disease

~ 180,000 (150,000-180,000)

MW
(x10%) Protein name Physical function and disease KEGG Pathway map No. and name
180 Low-density lipoprotein Signal transduction 04310 Wnt signaling pathway d
receptor-related protein 6 04150 mTOR signaling pathway
168 Slit homolog 3 protein Development 04360 Axon guidance
156 DNA-directed RNA polymerase IlI Metabolism 01100 Metabolic pathways
subunit RPC1 Nucleotide metabolism 00230 Purine metabolism
00240 Pyrimidine metabolism
Transcription 03020 RNA polymerase
Immune system 04623 Cytosolic DNA-sensing pathway
Infectious diseases: Viral 05169 Epstein-Barr virus infection
< 150,000
MW
Physical fi i
(x1073 Protein name ysica ) ELRLEEDT KEGG Pathway map No. and name
) disease
149 Fanconi anemia group | protein Replication and repair 03460 Fanconi anemia pathway
148 1-phosphatidylinositol 4 Metabolism 01100 Metabolic pathways

Carbohydrate metabolism

00562 Inositol phosphate metabolism

Signal transduction

04014 Ras signaling pathway

04012 ErbB signaling pathway

04370 VEGF signaling pathway

04064 NF-kappa B signaling pathway

04066 HIF-1 signaling pathway

04020 Calcium signaling pathway

04070 Phosphatidylinositol signaling
system

04072 Phospholipase D signaling pathway

Immune system

04611 Platelet activation

04650 Natural killer cell mediated
cytotoxicity

04662 B cell receptor signaling pathway

04664 Fc epsilon Rl signaling pathway

04666 Fc gamma R-mediated phagocytosis

04670 Leukocyte transendothelial
migration

Endocrine system

04919 Thyroid hormone signaling pathway

Nervous system

04722 Neurotrophin signaling pathway
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Sensory system

04750 Inflammatory mediator regulation of
TRP channels

Development

04360 Axon guidance

04380 Osteoclast differentiation

Cancers 05200 Pathways in cancer
05206 MicroRNAs in cancer
05205 Proteoglycans in cancer
Cancers 05214 Glioma

05223 Non-small cell lung cancer

Endocrine and metabolic
diseases

04933 AGE-RAGE signaling pathway in
diabetic complications

Infectious diseases: Bacterial

05110 Vibrio cholerae infection

05120 Epithelial cell signaling in
Helicobacter pylori infection

Infectious diseases: Viral

05169 Epstein-Barr virus infection

Antineoplastic resistance

01521 EGFR tyrosine kinase inhibitor
resistance

146

Phosphoinositide phospholipase C

Metabolism

01100 Metabolic pathways

Carbohydrate metabolism

00562 Inositol phosphate metabolism

Signal transduction

04014 Ras signaling pathway

04012 ErbB signaling pathway

04370 VEGF signaling pathway

04064 NF-kappa B signaling pathway

04066 HIF-1 signaling pathway

04020 Calcium signaling pathway

04070 Phosphatidylinositol signaling
system

04072 Phospholipase D signaling pathway

Immune system

04611 Platelet activation

04650 Natural killer cell mediated
cytotoxicity

04662 B cell receptor signaling pathway

04664 Fc epsilon Rl signaling pathway

04666 Fc gamma R-mediated phagocytosis

04670 Leukocyte transendothelial
migration

Endocrine system

04919 Thyroid hormone signaling pathway

Nervous system

04722 Neurotrophin signaling pathway

Sensory system

04750 Inflammatory mediator regulation of
TRP channels

Development

04360 Axon guidance

04380 Osteoclast differentiation

Cancers

05200 Pathways in cancer

05206 MicroRNAs in cancer

05205 Proteoglycans in cancer

Cancers: Specific types

05214 Glioma

05223 Non-small cell lung cancer

Endocrine and metabolic
diseases

04933 AGE-RAGE signaling pathway in
diabetic complications

Infectious diseases: Bacterial

05110 Vibrio cholerae infection

05120 Epithelial cell signaling in
Helicobacter pylori infection

Infectious diseases: Viral

05169 Epstein-Barr virus infection

Antineoplastic resistance

01521 EGFR tyrosine kinase inhibitor
resistance
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141 Symplekin Translation 03015 mRNA surveillance pathway
Cellular community 04530 Tight junction
140 Pre-mRNA-splicing factor Transcription 03040 Spliceosome
ATP-dependent RNA helicase PRP16
140 Valine--tRNA ligase Translation 00970 Aminoacyl-tRNA biosynthesis
139 Phosphatidylinositol 3 Carbohydrate metabolism 00562 Inositol phosphate metabolism
Signal transduction 04070 Phosphatidylinositol signaling
system
Immune system 04662 B cell receptor signaling pathway
04666 Fc gamma R-mediated phagocytosis
Endocrine system 04910 Insulin signaling pathway
138 Helicase SKI2W Folding, sorting and 03018 RNA degradation
degradation
136 Zinc finger E-box binding homeobox 2 Cancers 05206 MicroRNAs in cancer
135 Leucine--tRNA ligase cytoplasmic Translation 00970 Aminoacyl-tRNA biosynthesis
132 Histone deacetylase 6 Cancers 05203 Viral carcinogenesis
Substance dependence 05034 Alcoholism
128 Ubiquitin carboxyl-terminal hydrolase 7 Signal transduction 04068 FoxO signaling pathway
Cancers 05203 Viral carcinogenesis
Infectious diseases: Viral 05168 Herpes simplex infection
05169 Epstein-Barr virus infection
128 Replication factor C subunit 1 Replication and repair 03030 DNA replication
03420 Nucleotide excision repair
03430 Mismatch repair
126 Apoptosis-stimulating of p53 protein 2 Signal transduction 04390 Hippo signaling pathway
120 Mitotic checkpoint Cell growth and death 04110 Cell cycle
serine/threonine-protein kinase BUB1 Infectious diseases: Viral 05166 HTLV-I infection
beta
118 U2 snRNP-associated SURP Transcription 03040 Spliceosome
motif-containing protein
116 Alpha-mannosidase 2C1 Glycan biosynthesis and 00511 Other glycan degradation
metabolism
115 Integrin alpha-4 Signal transduction 04151 PI3K-Akt signaling pathway
Signaling molecules and 04512 ECM-receptor interaction
interaction 04514 Cell adhesion molecules (CAMs)
Cell motility 04810 Regulation of actin cytoskeleton
Cellular community 04510 Focal adhesion
Immune system 04640 Hematopoietic cell lineage
04670 Leukocyte transendothelial
migration
04672 Intestinal immune network for IgA
production
Cardiovascular diseases 05410 Hypertrophic cardiomyopathy
(HCM)
05412 Arrhythmogenic right ventricular
cardiomyopathy (ARVC)
05414 Dilated cardiomyopathy
Infectious diseases: Parasitic | 05140 Leishmaniasis
115 Integrin alpha-5 Signal transduction 04151 PI3K-Akt signaling pathway

Signaling molecules and
interaction

04512 ECM-receptor interaction

Transport and catabolism

04145 Phagosome

Cell motility

04810 Regulation of actin cytoskeleton

Cellular community

04510 Focal adhesion

Immune system

04640 Hematopoietic cell lineage
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Cancers

05206 MicroRNAs in cancer

05205 Proteoglycans in cancer

Cardiovascular diseases

05410 Hypertrophic cardiomyopathy
(HCM)

05412 Arrhythmogenic right ventricular
cardiomyopathy (ARVC)

05414 Dilated cardiomyopathy

Infectious diseases: Bacterial

05131 Shigellosis

05133 Pertussis

05100 Bacterial invasion of epithelial cells

111 Hypoxia up-regulated protein 1 Folding, sorting and 04141 Protein processing in endoplasmic
degradation reticulum
88 Integrin beta-1 Signal transduction 04015 Rap1 signaling pathway
04151 PI3K-Akt signaling pathway
Signaling molecules and 04512 ECM-receptor interaction
interaction 04514 Cell adhesion molecules (CAMs)
Transport and catabolism 04145 Phagosome
Cell motility 04810 Regulation of actin cytoskeleton
Cellular community 04510 Focal adhesion
Immune system 04611 Platelet activation
04670 Leukocyte transendothelial
migration
Development 04360 Axon guidance
Cancers 05200 Pathways in cancer
05205 Proteoglycans in cancer
Cancers: Specific types 05222 Small cell lung cancer
Cardiovascular diseases 05410 Hypertrophic cardiomyopathy
(HCM)
05412 Arrhythmogenic right ventricular
cardiomyopathy (ARVC)
05414 Dilated cardiomyopathy
Infectious diseases: Bacterial | 05130 Pathogenic Escherichia coli infection
05131 Shigellosis
05133 Pertussis
05100 Bacterial invasion of epithelial cells
Infectious diseases: Parasitic | 05145 Toxoplasmosis
05140 Leishmaniasis
81 Dolichyl-diphosphooligosaccharide--prot | Metabolism 01100 Metabolic pathways
ein glycosyltransferase subunit STT3A Glycan biosynthesis and 00510 N-Glycan biosynthesis
metabolism 00513 Various types of N-glycan
biosynthesis
Folding, sorting and 04141 Protein processing in endoplasmic
degradation reticulum
77 Nucleolin Infectious diseases: Bacterial | 05130 Pathogenic Escherichia coli infection
71 Heat shock cognate 71 kDa protein Transcription 03040 Spliceosome

Folding, sorting and
degradation

04141 Protein processing in endoplasmic
reticulum

Signal transduction

04010 MAPK signaling pathway

Transport and catabolism

04144 Endocytosis

Immune system

04612 Antigen processing and presentation

Endocrine system

04915 Estrogen signaling pathway

Aging

04213 Longevity regulating pathway -
multiple species

Infectious diseases: Bacterial

05134 Legionellosis
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Infectious diseases: Viral

05162 Measles

05164 Influenza A

05169 Epstein-Barr virus infection

Infectious diseases: Parasitic

05145 Toxoplasmosis

68 Protein kinase N2 Signal transduction 04151 PI3K-Akt signaling pathway
Infectious diseases: Bacterial | 05132 Salmonella infection
59 Target of rapamycin complex 2 subunit Signal transduction 04150 mTOR signaling pathway
MAPKAP1
52 Protein transport protein Folding, sorting and 03060 Protein export
Sec61 subunit alpha isoform 2 degradation 04141 Protein processing in endoplasmic
reticulum
Transport and catabolism 04145 Phagosome
Infectious diseases: Bacterial | 05110 Vibrio cholerae infection
50 Elongation factor 1-alpha 1 Translation 03013 RNA transport
Infectious diseases: Bacterial | 05134 Legionellosis
50 Tubulin beta-2B chain Transport and catabolism 04145 Phagosome
Cellular community 04540 Gap junction
Infectious diseases: Bacterial | 05130 Pathogenic Escherichia coli infection
Transport and catabolism 04145 Phagosome
Cell growth and death 04210 Apoptosis
Cellular community 04540 Gap junction
Infectious diseases: Bacterial | 05130 Pathogenic Escherichia coli infection
50 N-myc proto-oncogene protein Cancers 05202 Transcriptional misregulation in
cancer
49 Wilms tumor protein Cancers 05202 Transcriptional misregulation in
cancer
47 Beta-enolase Metabolism 01100 Metabolic pathways
01110 Biosynthesis of secondary
metabolites
01120 Microbial metabolism in diverse
environments
01130 Biosynthesis of antibiotics
01200 Carbon metabolism
01230 Biosynthesis of amino acids
Carbohydrate metabolism 00010 Glycolysis / Gluconeogenesis
Energy metabolism 00680 Methane metabolism
Folding, sorting and 03018 RNA degradation
degradation
Signal transduction 04066 HIF-1 signaling pathway
43 Creatine kinase B-type Metabolism 01100 Metabolic pathways
Amino acid metabolism 00330 Arginine and proline metabolism
42 Serpin BS Cell growth and death 04115 p53 signaling pathway
Cancers 05206 MicroRNAs in cancer
39 Fructose-bisphosphate aldolase Metabolism 01100 Metabolic pathways

01110 Biosynthesis of secondary
metabolites

01120 Microbial metabolism in diverse
environments

01130 Biosynthesis of antibiotics

01200 Carbon metabolism

01230 Biosynthesis of amino acids

Carbohydrate metabolism

00010 Glycolysis / Gluconeogenesis

00030 Pentose phosphate pathway

00051 Fructose and mannose metabolism
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Energy metabolism

00710 Carbon fixation in photosynthetic
organisms

00680 Methane metabolism

37 L-lactate dehydrogenase A chain Metabolism 01100 Metabolic pathways
01110 Biosynthesis of secondary
metabolites
01120 Microbial metabolism in diverse
environments
01130 Biosynthesis of antibiotics
Carbohydrate metabolism 00010 Glycolysis / Gluconeogenesis
00620 Pyruvate metabolism
00640 Propanoate metabolism
Amino acid metabolism 00270 Cysteine and methionine
metabolism
Endocrine system 04922 Glucagon signaling pathway
37 L-lactate dehydrogenase B chain Metabolism 01100 Metabolic pathways
01110 Biosynthesis of secondary
metabolites
01120 Microbial metabolism in diverse
environments
01130 Biosynthesis of antibiotics
Carbohydrate metabolism 00010 Glycolysis / Gluconeogenesis
00620 Pyruvate metabolism
00640 Propanoate metabolism
Amino acid metabolism 00270 Cysteine and methionine
metabolism
Endocrine system 04922 Glucagon signaling pathway
33 ADP/ATP translocase 2 Signal transduction 04020 Calcium signaling pathway
04022 cGMP-PKG signaling pathway
Neurodegenerative diseases | 05012 Parkinson's disease
05016 Huntington's disease
Infectious diseases: Viral 05166 HTLV-I infection
29 Dickkopf-related protein 2 Signal transduction 04310 Wnt signaling pathway
28 14-3-3 protein sigma Cell growth and death 04110 Cell cycle
04115 p53 signaling pathway
Excretory system 04960 Aldosterone-regulated sodium
reabsorption
27 Glutathione peroxidase Metabolism of other amino 00480 Glutathione metabolism
acids
27 40S ribosomal protein S3 Translation 03010 Ribosome
26 L-lactate dehydrogenase Metabolism 01100 Metabolic pathways
01110 Biosynthesis of secondary
metabolites
01120 Microbial metabolism in diverse
environments
01130 Biosynthesis of antibiotics
Carbohydrate metabolism 00010 Glycolysis / Gluconeogenesis
00620 Pyruvate metabolism
00640 Propanoate metabolism
Amino acid metabolism 00270 Cysteine and methionine
metabolism
Endocrine system 04922 Glucagon signaling pathway
26 Homeobox protein TGIF2 Signal transduction 04350 TGF-beta signaling pathway
25 L-lactate dehydrogenase Metabolism 01100 Metabolic pathways

01110 Biosynthesis of secondary
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metabolites

01120 Microbial metabolism in diverse
environments

01130 Biosynthesis of antibiotics

Carbohydrate metabolism

00010 Glycolysis / Gluconeogenesis

00620 Pyruvate metabolism

00640 Propanoate metabolism

Amino acid metabolism

00270 Cysteine and methionine
metabolism

Endocrine system

04922 Glucagon signaling pathway

23 Heat shock protein beta-1 Signal transduction 04010 MAPK signaling pathway
04370 VEGF signaling pathway

Infectious diseases: Viral 05169 Epstein-Barr virus infection
Infectious diseases: Parasitic | 05146 Amoebiasis

19 Serine/arginine-rich splicing factor 3 Transcription 03040 Spliceosome
Infectious diseases: Viral 05168 Herpes simplex infection

19 Histone H2B Cancers 05203 Viral carcinogenesis
Immune diseases 05322 Systemic lupus erythematosus
Substance dependence 05034 Alcoholism

18 Histone H2A Immune diseases 05322 Systemic lupus erythematosus
Substance dependence 05034 Alcoholism

16 Histone H3.1t Cancers 05202 Transcriptional misregulation in

cancer

Immune diseases 05322 Systemic lupus erythematosus
Substance dependence 05034 Alcoholism

15 Ubiquitin-60S ribosomal protein L40 Translation 03010 Ribosome

14 Histone H2B Cancer 05203 Viral carcinogenesis
Immune diseases 05322 Systemic lupus erythematosus
Substance dependence 05034 Alcoholism

13 Histone H2A Immune diseases 05322 Systemic lupus erythematosus
Substance dependence 05034 Alcoholism

11 Histone H4 Cancers 05203 Viral carcinogenesis

Immune diseases

05322 Systemic lupus erythematosus

Substance dependence

05034 Alcoholism
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30kDa i ICEWTKIH 7o — 785 THP-1 @lRICHOLBRB LY V37 &

> 35,000
MW . ) . .
(x10%) Protein name Physical function and disease KEGG Pathway map No. and name
332 Desmoplakin Cardiovascular diseases 05412 Arrhythmogenic right ventricular
cardiomyopathy (ARVC)
286 Leucine-rich repeat Neurodegenerative diseases 05012 Parkinson's disease

serine/threonine-protein kinase 2

211

Plexin-A2

Development

04360 Axon guidance

139

Adenylate cyclase type 5

Nucleotide metabolism

00230 Purine metabolism

Signal transduction

04015 Rapl signaling pathway

04072 Phospholipase D signaling pathway

04024 cAMP signaling pathway

04022 cGMP-PKG signaling pathway

Cell growth and death

04114 Oocyte meiosis

Cellular community

04540 Gap junction

Immune system

04611 Platelet activation

04062 Chemokine signaling pathway

Endocrine system

04911 Insulin secretion

04923 Regulation of lipolysis in adipocytes

04912 GnRH signaling pathway

04913 Ovarian steroidogenesis

04915 Estrogen signaling pathway

04914 Progesterone-mediated oocyte
maturation

04921 Oxytocin signaling pathway

04918 Thyroid hormone synthesis

04916 Melanogenesis

04924 Renin secretion

04925 Aldosterone synthesis and secretion

Circulatory system

04261 Adrenergic signaling in
cardiomyocytes

04270 Vascular smooth muscle contraction

Digestive system

04970 Salivary secretion

04971 Gastric acid secretion

04972 Pancreatic secretion

04976 Bile secretion

Nervous system

04724 Glutamatergic synapse

04727 GABAergic synapse

04725 Cholinergic synapse

04728 Dopaminergic synapse

04726 Serotonergic synapse

04723 Retrograde endocannabinoid
signaling

Sensory system

04750 Inflammatory mediator regulation of
TRP channels

Aging

04211 Longevity regulating pathway

04213 Longevity regulating pathway -
multiple species

Environmental adaptation

04713 Circadian entrainment

Cancers

05200 Pathways in cancer

Neurodegenerative diseases

05012 Parkinson's disease
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Substance dependence

05030 Cocaine addiction

05031 Amphetamine addiction

05032 Morphine addiction

05034 Alcoholism

Cardiovascular diseases

05414 Dilated cardiomyopathy

Infectious diseases: Viral

05166 HTLV-I infection

Antineoplastic resistance

01522 Endocrine resistance

138 Calcium-activated potassium channel Signal transduction 04022 cGMP-PKG signaling pathway
subunit alpha-1 Endocrine system 04911 Insulin secretion
04924 Renin secretion
Circulatory system 04270 Vascular smooth muscle contraction
Digestive system 04970 Salivary secretion
04972 Pancreatic secretion
129 Thrombospondin-1 Signal transduction 04015 Rapl1 signaling pathway
Signal transduction 04350 TGF-beta signaling pathway
Signal transduction 04151 PI3K-Akt signaling pathway
Signaling molecules and 04512 ECM-receptor interaction
interaction
Transport and catabolism 04145 Phagosome
Cell growth and death 04115 p53 signaling pathway
Cellular community 04510 Focal adhesion
Cancers 05206 MicroRNAs in cancer
05205 Proteoglycans in cancer
Cancers: Specific types 05219 Bladder cancer
Infectious diseases: Parasitic 05144 Malaria
116 NLR family CARD domain-containing Immune system 04621 NOD-like receptor signaling pathway
protein 4 Infectious diseases: Bacterial 05132 Salmonella infection
05134 Legionellosis
100 RNA-binding protein 25 Transcription 03040 Spliceosome
97 Interleukin-12 receptor subunit Signal transduction 04630 Jak-STAT signaling pathway
beta-2 Signaling molecules and 04060 Cytokine-cytokine receptor
interaction interaction
Immune diseases 05321 Inflammatory bowel disease (IBD)
86 Polyribonucleotide Nucleotide metabolism 00230 Purine metabolism
nucleotidyltransferase 1 00240 Pyrimidine metabolism
Folding, sortingand 03018 RNA degradation
degradation
85 Heat shock protein HSP 90-alpha Folding, sorting and 04141 Protein processing in endoplasmic
degradation reticulum
Signal transduction 04151 PI3K-Akt signaling pathway
Immune system 04621 NOD-like receptor signaling pathway
04612 Antigen processing and presentation
Endocrine system 04915 Estrogen signaling pathway
04914 Progesterone-mediated oocyte
maturation
Environmental adaptation 04626 Plant-pathogen interaction
Cancers 05200 Pathways in cancer
Cancers: Specific types 05215 Prostate cancer
82 Junction plakoglobin Cancers 05200 Pathways in cancer

05202 Transcriptional misregulation in
cancer

Cancers: Specific types

05221 Acute myeloid leukemia

Cardiovascular diseases

05412 Arrhythmogenic right ventricular
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cardiomyopathy (ARVC)

71 Heat shock cognate 71 kDa protein Transcription 03040 Spliceosome
Folding, sortingand 04141 Protein processing in endoplasmic
degradation reticulum
Signal transduction 04010 MAPK signaling pathway
Transport and catabolism 04144 Endocytosis
Immune system 04612 Antigen processing and presentation
Endocrine system 04915 Estrogen signaling pathway
Aging 04213 Longevity regulating pathway -
multiple species
Infectious diseases: Bacterial 05134 Legionellosis
Infectious diseases: Viral 05162 Measles
05164 Influenza A
05169 Epstein-Barr virus infection
Infectious diseases: Parasitic 05145 Toxoplasmosis
67 BRCA1-associated protein Signal transduction 04014 Ras signaling pathway
50 Putative elongation factor 1-alpha-like | Translation 03013 RNA transport
3 Infectious diseases: Bacterial 05134 Legionellosis
49 Transcriptional enhancer factor TEF-5 Signal transduction 04011 MAPK signaling pathway - yeast
04390 Hippo signaling pathway
04391 Hippo signaling pathway - fly
04392 Hippo signaling pathway -multiple
species
45 Phosphoglycerate kinase 1 Metabolism 01100 Metabolic pathways
01110 Biosynthesis of secondary
metabolites
01120 Microbial metabolism in diverse
environments
01130 Biosynthesis of antibiotics
01200 Carbon metabolism
01230 Biosynthesis of amino acids
Carbohydrate metabolism 00010 Glycolysis / Gluconeogenesis
Energy metabolism 00710 Carbon fixation in photosynthetic
organisms
43 NADH dehydrogenase [ubiquinone] 1 Metabolism 01100 Metabolic pathways
alpha subcomplex subunit 9 Energy metabolism 00190 Oxidative phosphorylation
Neurodegenerative diseases 05010 Alzheimer's disease
05012 Parkinson's disease
05016 Huntington's disease
Endocrine and metabolic 04932 Non-alcoholic fatty liver disease
diseases (NAFLD)
40 Vesicular integral-membrane protein Folding, sorting and 04141 Protein processing in endoplasmic
VIP36 degradation reticulum
39 39S ribosomal protein L3 Translation 03010 Ribosome
38 Poly(rC)-binding protein 1 Transcription 03040 Spliceosome
37 Dolichyl-phosphate Metabolism 01100 Metabolic pathways
beta-glucosyltransferase Glycan biosynthesis and 00510 N-Glycan biosynthesis
metabolism
36 Malate dehydrogenase Metabolism 01100 Metabolic pathways

01110 Biosynthesis of secondary
metabolites

01120 Microbial metabolism in diverse
environments

01130 Biosynthesis of antibiotics

01200 Carbon metabolism
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Carbohydrate metabolism

00020 Citrate cycle (TCA cycle)

00620 Pyruvate metabolism

00630 Glyoxylate and dicarboxylate
metabolism

Energy metabolism

00710 Carbon fixation in photosynthetic
organisms

Amino acid metabolism

00270 Cysteine and methionine metabolism

Excretory system

04964 Proximal tubule bicarbonate
reclamation

36

Apolipoprotein E

Neurodegenerative diseases

05010 Alzheimer's disease

36

Gamma-glutamyl hydrolase

Metabolism of cofactors and
vitamins

00790 Folate biosynthesis

~ 30,000 (25,000-35,000)

ATPase subunit beta-3

()’(\Té\g) Protein name Physma(;ifsl;r;cSZon Gl KEGG Pathway map No. and name
35 E3 ubiquitin-protein ligase CHIP Folding, sortingand 04141 Protein processing in endoplasmic
degradation reticulum
04120 Ubiquitin mediated proteolysis
35 Transcription initiation factor I1B Transcription 03022 Basal transcription factors
Cancers 05203 Viral carcinogenesis
Infectious diseases: Viral 05169 Epstein-Barr virus infection
34 Hydroxymethylglutaryl-CoA lyase Metabolism 01100 Metabolic pathways
Carbohydrate metabolism 00650 Butanoate metabolism
Lipid metabolism 00072 Synthesis and degradation of ketone
bodies
Amino acid metabolism 00280 Valine, leucine and isoleucine
degradation
Metabolism of terpenoids 00281 Geraniol degradation
and polyketides
Transport and catabolism 04146 Peroxisome
34 Tumor necrosis factor receptor type Signal transduction 04064 NF-kappa B signaling pathway
1-associated DEATH domain protein 04668 TNF signaling pathway
04071 Sphingolipid signaling pathway
Cell growth and death 04210 Apoptosis
Immune system 04622 RIG-I-like receptor signaling pathway
Endocrine system 04920 Adipocytokine signaling pathway
Cancers 05203 Viral carcinogenesis
Infectious diseases: Bacterial | 05152 Tuberculosis
Infectious diseases: Viral 05160 Hepatitis C
05169 Epstein-Barr virus infection
34 Heterogeneous nuclear Transcription 03040 Spliceosome
ribonucleoprotein Al-like 2
33 Transcription initiation factor IIE Transcription 03022 Basal transcription factors
subunit beta Cancers 05203 Viral carcinogenesis
Infectious diseases: Viral 05169 Epstein-Barr virus infection
33 60S ribosomal protein L6 Translation 03010 Ribosome
32 Survival motor neuron protein Translation 03013 RNA transport
32 Syntaxin-12 Transport and catabolism 04145 Phagosome
32 Sodium/potassium-transporting Signal transduction 04024 cAMP signaling pathway

04022 cGMP-PKG signaling pathway

Endocrine system

04911 Insulin secretion

04918 Thyroid hormone synthesis
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04919 Thyroid hormone signaling pathway

Circulatory system

04260 Cardiac muscle contraction

04261 Adrenergic signaling in
cardiomyocytes

Digestive system

04970 Salivary secretion

04971 Gastric acid secretion

04972 Pancreatic secretion

04976 Bile secretion

04973 Carbohydrate digestion and
absorption

04974 Protein digestion and absorption

04978 Mineral absorption

Excretory system

04960 Aldosterone-regulated sodium
reabsorption

04961 Endocrine and other factor-regulated
calcium reabsorption

04964 Proximal tubule bicarbonate
reclamation

30 2-aminoethanethiol dioxygenase Metabolism 01100 Metabolic pathways
Metabolism of other amino 00430 Taurine and hypotaurine metabolism
acids
30 Type 1 phosphatidylinositol 4 Signal transduction 04070 Phosphatidylinositol signaling system
28 14-3-3 protein sigma Cell growth and death 04110 Cell cycle
Cell growth and death 04115 p53 signaling pathway
Excretory system 04960 Aldosterone-regulated sodium
reabsorption
28 Peptidyl-prolyl cis-trans isomerase Transcription 03040 Spliceosome
28 Sororin Cancers 05206 MicroRNAs in cancer
26 B-cell lymphoma/leukemia 10 Signal transduction 04064 NF-kappa B signaling pathway
Immune system 04660 T cell receptor signaling pathway
04662 B cell receptor signaling pathway
Infectious diseases: Bacterial | 05152 Tuberculosis
25 Charged multivesicular body protein 3 | Transport and catabolism 04144 Endocytosis
25 Charged multivesicular body protein Transport and catabolism 04144 Endocytosis
4b
< 25,000
MW ) . . )
(x10°) Protein name Physical function and disease KEGG Pathway map No. and name
24 60S ribosomal protein L13a Translation 03010 Ribosome
23 Ras-related protein Rab-10 Signal transduction 04152 AMPK signaling pathway
Transport and catabolism 04144 Endocytosis
19 Histone H2B Cancer 05203 Viral carcinogenesis
Immune diseases 05322 Systemic lupus erythematosus
Substance dependence 05034 Alcoholism
19 Histone H2A Immune diseases 05322 Systemic lupus erythematosus
Substance dependence 05034 Alcoholism
15 Histone H3.3 Cancers 05202 Transcriptional misregulation in
cancer
Immune diseases 05322 Systemic lupus erythematosus
Substance dependence 05034 Alcoholism
13 Peptidyl-prolyl cis-trans isomerase Antimicrobial resistance 01503 Cationic antimicrobial peptide (CAMP)
resistance
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12

60S acidic ribosomal protein P2

Translation

03010 Ribosome

11

Histone H4

Cancers

05203 Viral carcinogenesis

Immune diseases

05322 Systemic lupus erythematosus

Substance dependence

05034 Alcoholism
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%38 KLHRIEICHT 5 NLRC4 D %) &

REZIHELUVFE2HICE VT UV EBHERICL NGO LA Z 2-15%
SDS-PAGE [CL - U FTEBIZHBEL, KIH BEVERS VX7 ENEEND i
KX NT247180 kDa 315 L U430 kDa fFsad 7 )L #w ) B L, 7L THAL
BRICHEBLAEY VNV BLEBEEH VAT L THBRICEEEN L2, 2D
R, B3IFLETCICALAEKHIZE-TFISRIINEG 7 7 TH A4 F—2 A2
54 LY o7 H KH BEERSY VX7 HY LIREIMNA, 3512 Syk
CEkEMNLARBLYIEZELCIBRBEC A V777V —LeBALTRERES
#5719 % Nod B2 B4k 11 CTHh 5 NLRC4A [95]%Y 30 kDa Wi LRE X7z,
BRIBEZATCERLH S 27T NIRCA P KIH ZED TR THBINTWEZY
MNH, AV 772 —LEBRENLERBR2RAG T 22008 B0HEL TV
LEREENEZ LN, Z 2 TRBTIE, B1HO UV RBHERICLNVELL
- KWH 7o —7%28%5 L, ELAZAm L EZRXMIZH T 5 NLRC4 D R IH 2R AL
I2oWT, FEVIBEZAVET 2 AY v Tay T4 V7128 - TFM L 7=,

ABE LT E

PL NLRC4 #L.4k ¥ L T NLRC4 polyclonal antibody (Abnova, Taipei) # . ¥iB-actin
P4k ¥ L CB-actin mouse monoclonal antibody (Wako, Tokyo) % F\»7=, SDS-PAGE

IZE®ES 24~ 7Ly 7 7 — ¥ L T Laemmli Sample Buffer (Bio-Rad) % A\ 7=,

NLRC4 D&

FL1EHTHELNEEMREZ 10%TR) 77 )L T7 I K7LV TERERSL, § ¥
NI B TERICHBLEZ, 2DREINTA Ty T4 7 EKE (Trans
Blot® Turbo: Bio-Rad) # A\»T (100 mA E &L, 45%) RU T 7 VN7 I N7
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JLH 5 PVDF BE (pore size 0.20 um, Merck Millipore, Darmstadt) (2% /37 H % &
FL7E, FIRDOPYDFEEZ 7o v X » 7% (Odyssey Blocking Buffer, LI-COR)
PCERICTSODHIRYE ) LTy X0 7 %iT-7%, XDIRPVDFAEZ 0.1%
Tween20 # & 8 PBS-T T8 %H#FIR, S LICPBS-THF TS5 oM x4=mEHFL, —
RIUAER ¥ L THL NLRCA FL1E (rabbit polyclonal antibody, Abnova) . & % \ [4 $LB-actin
P1& (mouse monoclonal antibody, Wako) # . 0.2 % Tween20 % & &' Odyssey Blocking
Buffer (#L NLRC4 #L{%& (4 1:6000. #iB-actin FLI2 1:8000) AR+, 4°C THBE
_RY - FHEILL A, ROT, PVDF AR Z PBS-T T8 ( %% 1&. PBS-T+ TS5 %k
x4 EHF L, ZRILE Y L T Alexa Fluor 680 (goat anti-rabbit 1gG (H+L), Thermo
Fisher Scientific, 1 : 20000). & 4 \ |3 Alexa Fluor 680 (goat anti-mouse IgG (H+L),
Thermo Fisher Scientific, 1 : 20000) ¥ 0.2 % Tween20 & £ ' 0.001 % SDS # & &
Odyssey Blocking Buffer 75 /& % T, #EEIKRE TS0 MIkRY 7 L 7=, X512 PBS-T
TR REFR, BXRETPBS-TH TS5 M x4 m3k# L/~14%&. PYDFE LD ®
Hx AR, A —2 7 2 X7 L (Odyssey® imaging system: LI-COR Biotechnology)
2 Uik & 680 nm, # KK & 700 nm T B E % % 545 L T NLRC4 DR E =

IT- 7=,

fER

KLH IZ & % NLRC4 » #3R & K 1L D T

KLH ¥ ERICZEWEAE Sulfo-SBED # AW TER L 7= KIH 7o—7¢ L < 14
Sulfo-SBED DA D 2 v hwu— )L 7o —7 %35 L, UV B4 21T - /= THP-1 fafe
D faRE s B IRIZ, ZUA % &L Laemmli Sample Buffer Z &0 L 723K HZ >\~
2 A Tay T4 YT ETOKHZEIZHE ) NIRCA DHBBFERILIZONWTET
L7~ (Fig.4-3) .

THP-1 fEfE I H W, 7o —7%48&E5 L 0h - =38 (Sampling time 0) . =2
vihw—=lT7ae—7, HLWIL KH To—-T7E2&E5 L EHFIZS50 T, NLRC4
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DHTETH % 116,000 L2/ N RPFER I N, 2 bu— )L Tu—T7%3
LRy, 7o—T728E5E LR BIZEIT S NRCA EXx D EEILR
SNV KH 7o =7 %285 L 2B IZ oW TR S 40 R £ TORMZ
#IZL > T NLRCA B mEE R oz, 7uo—7%285 L0 -3 KL
v b= )T —T7x&RE LA TEAREED NIRCA DREEANVAD LT
ZYHMNL NLRCA IFEFEIZ—EERRAL (WL W25, TEEEFTWHIZE W

. % & 116,000 ® NLRC4 #%30 kDa s TRE I, VTR v 7o T 4~

[ZHWT/SY RPFER I 72D (4 116 kDa K3 4 T 30 kDa f34 (2[4 BABR &
NV RAFERSIN LT - 2o RRY LT, 98I TE L %4 30 kDa © NLRC4
WrRICIHMERLAZTAO T E h—TNeEn w7 & LB A
NiE CRE2MEST CTHLEDICPVDFIRNDETE (CE L 58 L 2 TRENSE
Tons,

92



KLH — — — + +
Sampling time (min) 0 20 40 20 40

= EEEE-

14
non gimulation W control probe WEKLH probe

12

= 1
in
T

E 0B
>

= 06
m
2

0.4

0.2

1]

0 20 a0

Samplingtime (min)

<Fig. 4-3> Western blotting analysis of extracts from the KLH-probe stimulated THP-1
cells. The supernatant proteins were separated in 10 % SDS-PAGE gel. The supernatant

proteins were evaluated through the western blotting with NLRC4 polyclonal antibody.
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Fam ER

AREH LTI, THP-1 @RI W CKIH X EVEA L. NF-xB D F % 2 35
BT LI V7 EERERT L2012, ARIGERBAEZ AT KH ¥ KLH 18
BRI BERBBLEEDOE ) KT oy T4 Y 7IZTREL, BT
RARMOREIZL > T, KIHDPRBINESSEEI NI I N L DY, WIH
INTOWLWEDYDEENFEZR SN, %2 B TL, % 1 BHORRICHERRS
REERIZL - THFLNEHFD 180 kDa F#1 6 & U030 kDa ¥ X7 g
IZOWTHEDM AT LA THBRICEIEEN L2, ETLANZL > TSSHEES
NI S N OBIBRD )L KH 7o —7 28w LEEDICOLRES
nr=g o7 EoimB 213 R F38 (386 3.25) #AWAET9 7 7 I v 7124 -
Tl =7 SLISVKHIR 7 7 T A P =2 A2 SRITHELZE DI U
3EETCICRINAEZENL, KIH YHBEFRL (R Z2FRLAEE0
FIZESY X7 H ¥ IRE L, Uniprot (http://www.uniprot.org/) "5 4& 7= k&
fERRE Y VN7 By el EER Y vV B F—49 4 v b (2016 9 A 2
BY 7 ve—F) 28fdnstd% RFFE (386 325 zHWEZTw /73

L oTEBHLE,

BREERE KH BEFRY VX7 HY LIREINEY T, RESTENVKRE
\) GPRI8 (% F & 693,000) 13.G ¥ » /37 B F X% %4k (guanine nucleotide-binding
protein coupled receptor, GPCR) D 1 TH %, GPCR1Z4 800 D7 7 I 1) — X ~
N—r#FbH, ZIESTOR LY DMmRESND L 7L EZXELCZNE MIEN
IZ12 2 2R N DO BETH S [96], GPCR D ) L4 150 #1117~ K
MEEINTWL WA —T7 7 VXRBEERT, GPCR DF TERI LU TELHF
GPRIS £ 4 — 7 7 VX B TH L4 [97). RFATH/RIZLY) KIH v BEFR %
T L REEN T I N, 5T 84949 700,000 9> GPRIS #¥ 180 kDa 1 TR H = 11
72D, GPRIS AR D AT 74 v 78 —v ikt b, 27V VOELELY
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PERTHLI2IZL L300 [98]. B L CIXKHRIEKIZHT 2f@EicX(IZL %
RIBIZEWTGBINEITRENTRINSD, THIZOVWTIIRERTH %,

Symplekin (% F & 141,000) 4. #ZBE(ZFH T mRNA BTER{R D 3' RIF DX 7 A
YA BLOR) T TN ET ) VT EBRERDODRG TH LY v oNT
HT.RNA RV AT =X N I2L28FICEHEFL. 2ROBLLY V37 HEH
DRBEAFRZFEMNL TVWDE, CNLDSTHBEIZOWTIETRAL LSS WA [99,
100], KLH RIBIZ L - CFI SR SNl XICBbH 59 v 37 EOEF R
EINECHBEIND,

Integrin alpha-4 (% -F & 115,000) . integrin alpha-5 (%7 & 115,000) . integrin
beta-1 (%-F & 88,000) . #@AENIZH % t@hd B L i@hasM 2 Dh 2 rahash R E %

wCEBEERBRDA T 7)) 7 s i) —IZB LTINS, AT 7)) v
2. 18 EDasd (% T = 120,000 - 180,000) ¥ 8 f@FEDP#H (&% -F & 90,000 -
110,000) 71 - 1 Tasg Ll (24 EEO~T v {72 —%2Fm L TWE, 215
73 180 kDa A3 THRE X /2 D4, integrin alpha-4 ¥ integrin beta-1 7844 L €
integrin a4PB1. integrin alpha-5 ¥ integrin beta-1 234 & L T integrin a5pl ~7 v %"
A =2—%2BRLTWETRENERING, TN 3RIZT7 1 7Ter7F VIC
BET L [101]e 74 797 FYDORGDEINL YD) 7Y F3A T 7)) v %
ML CheRRIZ#EE T 52, miRdZ T ARBRICR U CRiEsNERD ) 77 N
GREZHET LRI, BECHEZTRALLEBEORDTH 23ISR T,
A7 7)) v =z—ld, ZNZTNERDIKE %38 - T\ 5 A, integrin beta-1
I, =Y P A =2 A ZNIZL > (FISRRIINS ErkDERLIZEAD S X
SnTEHY) (102 KIH 2L T3 s INAEZT7 7T A4 F— 2 AX Erk D&
HEALIZEEES L Wb YHBEING,

Differentially expressed in FDCP 6 homolog 14, %1% T4 v ¥ —7 = v Y FEE KT
4 %5 % 37 E (IRF4-binding protein, interferon regulatory factor 4 binding protein)
repldi, EI2) N OBHMAME CRIAL, MEBBECILIZED S
interferon regulatory factor 4 (IRF4)IZ4&& T 59 » /X7 B TH % [103, 104], IRF4
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. BARARIE A DIEF 2 H T NLR family pyrin domain containing 3 (NLRP3) %V [14
TOoE—F —IIRETLEOIILEBETHLI LN TEINT WD [105], L7208
C.IRF4 &% » /X7 H THh % differentially expressed in FDCP 6 homolog #% KLH ¥
PREFRLEL I L, KIH 2L 2 BRFIRRAIRKIZIL IRF4 (2L 285 H
B2 F ) FTREE DR I NS,

Heat shock cognate 71 kDa protein (HSC70) |3, heat shock protein 70 (HSP70)
¥ 90 A LoREEMEL L, HILBICHEWTLEFIZRAL (LY V7 H
TH b, HSC70 143 2 v 7 YDA ML ZIZX - CRIRFBE I N HSP70 ¥
BONDICEEHREHR L, RIAFRT 2, HSP IS TEICL - TEL LBE - H
RE2RAET LN, 2B (D F L+ X0 X LAY VRNV HEDT 5 —IVT ¢ v
PHIE T AMEEE R T S, £ 74—V T4 Y OERETHBENE L THEET
DY ST VNTEXC, APV RIZCL-TRBELEY VN7 BIZRESEL, &
18 % 1T 9 [106, 107], HSC70 |4 HSP70 ¥4%} 2§ HSP40 X> HSP110 ¥ %38 L T R %
G UNRNTER) T3 —IVT 4 7T Lr IR EZE > ¥ H L5 [108-110].
2 71,000 @ HSC70 #° 180 kDa fFsimn LR B I 72D (L, HSC70 D Z ) L =%

SL st o viERIMNL, HSC7T0O H L U8 HSPIO 1271 % T % #1 X #1
lipopolysaccharide (LPS)-associated protein 1, LPS-associated protein 2 ¥ =FiX#, 7
T LRI RR Y Th L LPS LREFAL, BEKRL L L, LPSDZ
BARTIRA ¥ £ 2 KR TH % CD14 12, I & LPS-associated protein ¥ LPS D # &1k
246 L. LPS-associated protein [Z1K#%& L 7= LPS R# = 17 7 [111], 2 7 L 2%
M. KLH ¥ HSC70 & L < 14 HSP9O mABEAFRIZ L 2 BAREIZ A # ML 7= KIE
FREENES T LD YERING,

Target of rapamycin complex 2 subunit MAPKAP1 (% - & 59,000) |4, target of
rapamycin (TOR) . rapamycin-insensitive companion of mTOR (Rictor) [112]. mammalian
lethal with SEC13 protein 8 (mLST8) [113]. proline-rich protein 5 (PRR5) [114]$ &
N DEP domain-containing mTOR-interacting protein (Deptor) [115]% &R Z & ¥ ¥

%1861 D TOR complex 2(TORC2) M 4 7 = = » | mitogen-activated protein kinase
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associated protein 1 (MAPKAP1) T& %[116], TORC2 &, 7 7 F ¥ & D H >
TV RYA =Y RICEbH LY XNTHY) [117, 118]. KLH RI#(C L - 5] 5 42
SINET7 s IVA =V RAICHB LT REENEZ LN S, LA L. MAPKAPL
ML D TORQ2 BMER 2R T 20 FOXTF Nld, SEHOEEDH 15 IARH
SN/, TORC2 BEKRZMRS 25 VX7 HOXTF Kod, HEDHIZ
RAWERY 779NV T I RTIVEGIZEEN TN ZRES H L, &
& 59,000 ® MAPKAP1 #° 180 kDa fFsi/n LR E X #1722 ¥ 06, TORC2 ¥ 13 £
WLBEEHRELKL CWETREREE H S, MAPKAPL |4 stress-activated map
kinase-interacting protein 1 (SAPK-interacting protein 1,Sinl) ¥ W) 3% # £ 6, &
ML RJRE X+ —+ (stress-activated map kinase, SAPK) BB ¥ 7 a9 A F—7 § %
Z ¥ 5 [119]. SAPK R IZE 4 5 4 F 5 MAPKAPL ¥ B &R % 12 X 3 5 7 RE 1%
WEZ LD,

Protein kinase C and casein kinase substrate in neurons protein 1 (PACSIN 1) (% -f
€ 51,000) &, EMIZHPWTHRBRERE TRERRAL L), =V A b= R %
FETLEELZE DX I NS [120,121). £ -BRAEALICH 1T 4 PACSIND (4, B

REIRZDTIRTI O TR ICHWT ) Ay RANDREIZES L RIEMES A N A
VDA VI =T 20V EEZREGT H[122], 2NLDOIRE Y &Y T, £ 51,000
7 PACSIN 1 4%180 kDa i LRE S 4172 2 ¥ 26, KLIH 2L 5 RIEFA R
PACSINL 2 & DB ER Y DHBEFRANEL LTTREN T IZEZ N5,

30 kDa fTANLRBINAZEEHEME KHBEFRY v 37 H D% {14 70,000
NEDDFTEZRST L2EDE -7, 2N 5>30kDa DRERE & KLHBEAEH ¥ ~
N7 BB INEZYIZL > T30kDa A TRBINEZEDEEZ LN D,
DEEAEICOVWTIE, T IHA N RARDT 7 T) VY = LIIB T A8
COKH ZBED TR CEMRILT 2 TREE D % caspase 7 7 2 Y) — 2L 298N
YN EZ LN,
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Desmoplakin (% & 332,000) |2, f@l@MDEEE L T AT —LDERLS
YT ETH DL, PKCODRFHGIZEHHE L, PKCan BFHALICEEAET 2 ¥ 541
[123]. KLH R (Z L % PKC D EHALICEH S T 2 TREEN H 5,

Plexin-A2 (%% 211,000) |2, BERAR Y N7 HCThH ), tafaMo > 7+
WzE, MREROERC R EIEOBHICEHAHL L7+ ) VOETRELZE
HWOTVLXL 773D 1B THL [124, 125], £ =7 + ') » 4 20 FEE
T T T IS LS N7 BT, @RI T 1/ BRE 500
MTD Sema RAA VrepldN L HBOEREZA L, CNEFENIRAKRT S
LR Y BIESEES T £[126,127], plexin-A2 25\ Tld Sema3A X> SemabA 71 &
HREESE R Y L CRIEINTE Y [128]. Sem3A A BRfmig D ) v /3@~ Dk

5T 22 NBALHY L > TWDE[129], <7+ V) v DZEIKIC
180 kDa {3 THRE I N KIHBEAER Y VX7 ED4 v 77 ) VERIESINT
HY[130], =7+ ) v ZDZXBEAR L DORBEANER N IR R jEAE D EEL O H]
FICES T 52 SNTWE[131], 2D 2L, KH ¥ plexin-A2 X4 » 7 7Y
YDOL IR T ) URBERYOBEFRICOWTE, REMEIEDE R Y
fEICES T 2 RENERINS,

Adenylate cyclase type 5 (AC5, % & 139,000) (3. fEAERE X BiE L ¥ ¥ #HE6K
PR T 2T T NBY 7 T D1ECH L, TTZIINEY 7 7 —EL, ATP
PEREY LCEA Y RA v LYV —DAMP 2 EEL, 70714 VX F—EA
(protein kinase A, PKA) x> 7@ 7 1 ¥ + —+ C (ptotein kinase C, PKC) % &1t

fERENIZ Y 7TV RinE L (Rl E 242§, PKA (4. Erk &% % &1t
¥ % Raf-1 ¥+ —+X %) vE{LT % [132, 133], PKC I, 3 FIZ:E L 2L 9|
Syk D) VERALIZCEE b L, ACS /v 7 T 7 b= AL BEE L 72 QR R S fa e
12, BRIL A b L2 UV RBHICH L (MERSH ), 22 ho—ILBEL Yt Erk
DEWLNTLE L 22 NREIN TS [134], ZDOMEHN L, ACS 1L, oD
TT 2Ny 7 77— ELY), Erk BRBEOESHEMAIZEHLTAED T 4 — K3y
7 FE LT FTREE N E I N L, 5T E 139,000 D AC5 #Y 30 kDa i THR H

]
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INEZUDLKHRIBKIZL - TACS DB TLE L ZFTRENATRI N,
MIEE3IFIZE VT, KIHRIBICL > TEk NERILL2—F T, 20 LATH
ACS5 XD PKC BHICEAH L8 VX7 BEOD % 4 ) Sl &N 1E® L 727 ¢
ENEZLND,

Calcium-activated potassium channel subunit alpha-1 (% -F & 138,000) (3 fm A iX
LTEEWECREMOASH ICEHS S 2, =0 P A =2 RIZEEE5ET 2
HM[135-137]  KLH (2L > CFI SR IINET 7> TH A b=V 20 X Of@fak g
BIG LANLRAS N TId L,

Desmoglein-4 (% T & 114,000) (4. #T & D desmoplakin ¥ B U <. fmhd ] o 3%
EHBETAETY —LIZHEET LY VN7 ETHLN, £BFHRIZCOVWTDmEA
TP VK R L 2 rafee X ICE #5205 0 I2>WTIERAT
b5,

Leucine-rich repeat and fibronectin type-lll domain-containing protein 2 (5T &
85,000) 3. ¥+ 7 Rf@iaik A% T (synaptic adhesion-like molecule, SALM) &
15T, ZICHEBEWRERICEIT2WRERMES LU Y+ 7 ARR DR E
[138, 139]. H@mIKDERCHIE, 7R =2 RIZEBPH L Y SN L0 [140]. 2
DA ZZALIZOWTIETATH ), FEFRTIL KLH RIBIZ L 2@k o
B I I EVW YR IN S,

Heat shock protein HSP 90-alpha (HSP90) (% -F & 85,000) (3. ®IH D HSC70
YRIU# 2 v 78 N7 HTHY), 2BLEEE L E >, HSPIO 12 B R EIE A
P NLR ? NOD2 D FMHALIZRH S L. I G IZFIDOXTF R7 )77 v hDEEIZR
e ¥ % NOD1 x>, WRMEDBEGREDF/38 — 2V IZRIST % NLRP3 %%, 1 7
TRV —LBERERR L CEZROMBELREST B0 7+ — LT 1 Y7121
B54 % [141-143], 29 L7ZAMREN S, KIH ¥ HSPOO DA EEARIZL 2 BA R
BERAEMNLEREZRENPERIN, KIHIZL 2 REFBEMAE Y L T Syk X Erk %
MLABBEIZIZ, NRs ST 528 DRI NS,
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Syntenin-1 (% -F & 32,000) 3. fEfE#EE, MRlzE, 26X F LB LT
FYY—LDESGRAHBEL RS L, MEABRZERICE VT, BREAD
BRIZES VN BYEESL T, Y7 HIVaEBREREBRT LR5Y VX7
BTh ) [144,145], KIH RIBIC L 2@l NERIZZ IS T 2 RSN L,

Voltage-gated hydrogen channel 1 (% 2 32,000) 4, Ex /g5 (FEEAM) % A
AL TRy DORRA T voORAnehEmy 2, KEA A VABIIBROBRS &
RN, 7 YA N =Y RAILB T AEREBEABEOERICEE 5 2 5[146,
147)c KIH 2L - T3S I NAET7 7T A M= A Y DOEENHERINS,

Sodium/potassium-transporting ATPase subunit beta-3 (25 [ % beta-3 #+ 7 2 = v
hOWREDHIBIITATH 208, RIVEBEIZEH (5 Na"' X KKOXR#|BFIZHST 5
ATP D /m7K 5 B |2 AR EAFH % (X9 [148], &  E 3R dakBRf@feod 7 7 T4 1 b
—VRIIEET LI VT HICoW T a T A — LB 2T ERTMREICH
WTEREBOMENH 1) [149]. AL THVZE PEIRIZH T S KLH #I3I(C L
STHIESZEINET7 7 T4 =D RICEAET LFREND 5,

JFREEED KIH BEFRSY V7B LCRIEINAEY Vo387 BIZIE, K
HEIZHEWTKIHIZL > THFEINLNF-kBOBHILICEE LS ZL2EBT YL
TEB L 7= Syk % Erk ¥ OB 5 3 E X 11 5 14-3-3 protein sigma >, BARIE A
IZEWTEZRLE S %23 4 NLRCA 7 & £ T\ /= (Supplemental data) o

180 kDa fF#1 & &L N 30kDa FF#LI2H W, KIH X BEAFRA L ~7 RO H % ¥
VT BY LTREINAZ 1433 YT Ho (V7 =2) B 7THEOEEKELFH
21433 ST EH T 7 I =D OT, M2 B (X—=F) [y (Tr=) | ¢
A7 vaery) (=) . . n4—=2) .t (7)) NHEAEL, 2nX e
BATHD Y 7 FIARZEICERSEH > T\ 5,1433F VX7 E7 7 3) =125
DR Vo7 Ex) VBLL, xOFHERG L, HL\WLY VT HRE
HEBERL T, MMidoEE, DL CHBERILL Y SRS 7T IV 2RAEH L T
LYESND [94], S 37 BIZIL Raf-1 WX FEIF S5, Raf-l 14,
Erk D& AL ICBIS 2 MAPK 77 27— RO ERICMLE T 2 ¥ X 41 [150-153] .
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Ca¥* Y 7T INDERLEBCF TH ), Sykd ) »3REY) VEMLICEH S PKC %
AL [154], H A\ ZFRE L C[155]PKC 75§ 2 & 7 FIbizE A # @ L <€
W 5, 5T & #9 28,000 D 14-3-3 sigma ¥ X7 B #330 kDa 34 72 1+ T 7% { 180 kDa
A TERBINAZDIZ, 29 LAESY VX7 HEDY) VERILDOBIZES., &
LW G ERR L EFTRRENIHEE I NS, 14-3-3 sigma D EELIZHT 5
KLIH DB TEEIZOoOWTIATATH 5 4%, Hela f@lIZBEWT /3 F X kB
NEVTZURIBIZLY) 1433 DRBAENE ML LV OMENDH L Z L
5 156 ~E YT = D1 TH S KIHIZL % Syk < Erk DG LS L U8 NF-«kB
DEEACIRIL 12, 14-3-3 sigma $ %\ |4 14-3-3 sigma Y 128 Y VN7 B Y OBRE
EBET LT RREND 5,

30 kDa A3 1B WL BARREEZE ZD NLRs D 1 2 TdH % NLRCA RE X 7z,
ZITAREFIHICENT, FL1EHOUV LBHERTHELN, F2HOEESD

SERWEERMIIOWT, T2 RS YT Oy T4 YT EITO, KIHZEIZH
NLRC4 D HIMEBERILIZOWTCFMML 2, 7o —T72&5 L7328, 20 K
O— )L 7o —T7%%5LEAM. HLHWIEKH 7o—72&E5 L AX~IZo0
UNLRCA D5 F 8 THh 5 116,000 34123 RPEER I N2, To—T 235 L
Lo AR Y Y bue— LT a—T7EKE LM TIZNIRCY DR E(ZE
FROLNT., TARI%EED NRCA DRIFE TH -7~ 2 ¥/ 5, NLRCA [21EF

BIC—EERAL VWL LB INAZ, —FT KH 7o —7z8&E5 L 23 8Tl
BEZOBMBRBIZH - CRIABEDOHEMEE N L 4L NLRCA D E LA L |
riESINL[157-159], L L. B28HOEESHIZH W TIL% T2 116,000
D NLRC4 7330 kDa fF L [2H W THRHE S M NLRCA D BENER X Tz 2 X b,
KLH R 302 & 2 NLRC4 DR IR EH o ¥ 55 MEHSE B (2T L T2 2%, KLH RS
LS3RMERE TOBMIZEWTIE NLRCA ORAEMENTBEL) E S0 -1
SUMHERIND,

NLRCA 24 H R DR BR T 1L - CEBEILL, DX T 4 V8 V3T B iges
% caspase-1 DRIERIR 2z 9l L, FMHIL I 5, caspase [ XA 74 v FDORLER
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FERWT, SN TEFOT AN X VEREREAD C KGR Zk L, 7K b
—VAXRKRELZFET L, L homiE Tl REEAONRRLINTE), 21
ZNINEL 512E) %48 - (\ 5 [Chéreau et al. 2003], &1L L 7= caspase-1 (4, %
FEESA MA VDB ILIS DRTERIAD 7 a N XA 4 v a4 2 ¥ (24 ),
TEERNS AR IZL (s~ x B E 4 2 [95, 160-162], 7T EX
116,000 T&» % NLRC4 78 30kDa fFaiicHE W IRE I N2 E ¥ L T, NLRC4 |2 L

T Bk X N CEHEILT % caspase-1. & L (|41 caspase 7 7 3 1) —»°
NLRCA D5 BRIZBA S L TR E Z oMz, 2 2C, 7o 7 7 —EDmirs it
BT 2R % £/ LTI IE [163] %17 9 PeptideCutter 7o 7 7 A2 & -
TN xiT->77, ZDER, 2N caspase 7 7 2 ') —HVNLRC4 D5 IZEE H
5P RETE 13D TRV 2 X ST I Lz,

7 NRCA DHOREY L, A= 770 —FHOER#EBH T ThH L Bcl2
interacting coiled-coil protein (Beclin-1) ¥ #&& L T\ 4 %%, NLR family apoptosis
inhibitory protein (NAIP) ¥ ') 77> R¥x D4 &(2L - T NLRCA WNE LT 5 ¥
Beclin-1 BB L (A — 7 7 V—FERIND ZUNAFOHE CTHL I
- 72164, 165], ML DFR N L, A — N7 7 2 — 03 NLRCA D A D 1 >
THLITREENREINL, ABESHIRBORLEIZH (T4 NLRs ¥ Beclin-1 D
BlZowT, MADODBHFIRLIE ) Beclin-1 2L 24— 7 7TV —LABKRIZHE
I T, NRs 2@ 2 o 2 2 ¥ 7VR&E ST\ 5[166], £ 72, NLRC4 ¥
Beclin-l DEEBEIZL 24— h 7 7 V—D#ITId, BRI L REREDOHIE L XIZHF
GT L EEZL5NTV5[164] AEDRERY 2N L DBRIEA T2 5, KLH B #(2
L% NRCA DEFELCRERBAMRELBITLC, A—F 77 V-0 YIZL 582N
L 72 NLRC4 D SRR N RE T 2 T REME N E 2 L1 5,

INETORRFTRD % A LPS WY DR BIZ L %5 NLRC4 DB AL CFREIREHE
ERL TSN, AEDERN G KH RIBIZ L - T NLRC4 DRI E A3 s
LYRBBIZ—PGBINTWELEIENTRINE, 2OL)IZERIREDTT
I CRAEOEMWOBEAFOEEILYFESICOBANES L, @WIZEEN
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I NGB Y LT HSP 773 ) —CIHRA ML ZAEZBHTIZBWIRAEN LR
TLr Yt i RERBEERZICRONDICOBING 2 ¥C167]. REBEREK
IZHWTEEILSI A NFB IIRERIZTORFLFHFEL, 20RIZZEXF
VLI THBINL Z X YRR DLNTEH Y KETIL NLRCA DHEEIZo
WOBERE CIHRZE Y SN TOWAEING AL NIZL 5 2,
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TLILEF—dRVWH, Th2 "EBLREIZE - 2 BEMNEBRDOERISETH 5
YINTEED, 2EBLTTLVLIVARESIN, TUILXF—DX =X A
ZOoWTEH LOVWERNRDOOLNL L I IZ0 -2, FICBRRIERDZERN
RRZLBEINTHLIE, TUVILF—VYBRRE AT LYLOEb ) IZoNT
DRAENERBINS>oH 2, BT LILX—I2onWid, BRI THCHE .
BAETIZ2000F 4 L)V FI T LILXF -2 LOCTVWRERCEELERKZ
FIERILCTVERIIODWIEBEEICN A2 (DML GIZETREZT 42
YRNEBRFTOoN, ANMEO—LZzOoREL YL > T(\WE, T, /7 =12&T
£, T A AT T, T, TREERREANERIN TS [72],
INLDREHIZHT 27 LIV —dlaiGEroRRL Y, 2NE TDIgE %
MNTLYINLZEBEYT LI X —YIERLZEICL, 20O EBOESNED
ns, ¥, TEONT) VY TFDONELT ZUNT T4 77X —2a v
EHRT L UME SN I YD S[45-47] RHTEIZH W TIL, KEBEFTHE Y~
T YT7ICL D RIEFIEMABICHL (ORI Z WL

% 1 FClE, REERMGW /I, 7=, 7374, 797 T7ED
~NEY VTICREREETRT (NFkB) ORI 2FEST /91" eEn s 2
YWNRLNE L s, = REFMEWOX VY romF it REBEETR
FTrErERILLON -2, SLIZHRTMRIZCENT, ANWALTD~E) V7 IC
POWCUEABO CHREIINT T =2 UvNGEEL VWL Y VI RENDL -2
NG (73] AR TIARKEERMBHYO~NET) vV I7FDEBECNTF N L YD
B TERDORELRET 572012, DB 5T 8 5000 DR Z:#E(12L - T
INTAD~EY V7 5@ L, NFkB/AP-1 EMH%#3Fm L 2 2 5, % -T2 5,000
AT DML NFkB DERALZFE L LW - 7=24%, %F =2 5000 K EDERDIZ
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NF-kB ODEMHILZ2FEL -2, ZOBENL, ~TY VT7DERD TH Y. 5000
MEDGFELZE ONTELY T VD NFkB OEHILZFE L A TREEDH L ¥
WEL -,

FL2EBEBLUVEIETIE, BLEOEBRNL~NT LT = V2 NFKB % G 1L
ST LRFALZREBL, ~TT7 =00 LA REOEKY L TER
DEWKHZRAWTIRIZmZ 72, 22T, KLHSNFkB DS HLZ2FHE T 2 2
YCKIHWZ Y R A b= A 2FE L, mMiENERIZEMELZ ML T NFxB %
SHEALSHE LYY L N 52, 3512, KLIH FHEED NFB E (LI
12 Syk < Erk "B L E DY HFE SNz, 272 L. Syk BFEAIO R DB EY L
POTH -~ NS, KIHZFEPE NFkB DO FHEILIZIL Syk b F - H 5

BEROBRBOBEMNT AN,

%4 FCE, REBZEZRCEY A YN XBEBEERBNEY S0 BE
EoMELHLELYE, KH YBEFRT 25 VN7 BEERE L2, 2 DR,
HEIEFEELTICTRINEKHICL-TFIIRIING 7 7T, b=V AB LY
ZHITHEE ) Erk/MAPK XD 2 7 F IR L L N B AR A DRI K (2
AT 2HE2FE>8 VX7 HN KH MEERY VX7 BEY LIRIE S,
FlESNEBEBEEKHBEFRY /X7 BEd 5 b, integrin alpha-4 - beta-1 &
&K, integrin alpha-5 - beta-1 ¥ &1k [102]5H L Wintegrin ') 77 > R TH 4t =
T ) ERLUC) A Y RYT 5 plexin-A2 [130] 7S KLH D% ARy L THERE L,
Erk/MAPK % /M L C KLH S NFkB Z Mt T 2t o FHE X/, X512, GPCR
77X RAUN=TH =T 7 VREERTH S GPRIS § KLIH DX EAERTH % 7]
REENN TR I /e,

REINEEBREEREKHBEERY /37 EDOF €, 14-3-3sigma 125 2
BLUBEIETTIMNEErk 2L 72 KLH 3£ NFB 7S AL ¥ DB N %
M 72[150, 151, 153,168], X 512, BARARIZRDZ B NRs D 1 > TH % NLRC4
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SERWT R DR I N KH R EIZH ) NLIRCA DRABRILIZCOVWT T = XY

Tay T4 7L o CEFMmLAY 2S5 NIRCA ZEFEIZ—FERE L KLH
RBEIHE S TCRAENE WS 280D, RABHEMYFESKIZHBANIES L
BY)LEES CEREILZRRIE LN YDERIZERHEBENGEEST 2D
BXnr,

MEDRERNL, XTOL ) WRENE Z 515 (Fig. 5-1, Fig. 5-2), KLH 13,
integrin adBl # &1, integrin aSBITE &4, plexin-A2, GPR98 W ¥ DE Y /37
BICRBIN, 2 NLDAFIZHEET S ACS X° 14-3-3sigma L & DY /37 B
Lsv7rizEniThbn s vFEERIC (Fig. 5-1), Syk z v Lz N4 A4 b —

Sk o CHERENICER YA E N 2 (Fig. 5-2). fEREEE T KLH £ E B L 8 KLH
DLy R A M=V ZADTRTIE, EFk ZNLTCEL DY T FIVIRESD TN
it X, mKLEY(2 NFxB %2 1L X & 4 (Fig. 5-1, 5-2), &AL L 7= NFxB |4,
RIEEY A1 M A 2D TINFODFIRC &R T 5 caspase-1 (2L LR ILDEZHD
TI2AIV T LIORERTA M4 VDB IS DRTERKR D FIA # FHd
%5[169]c —F . =V F¥ A b= A SN/ KH DB 1d NAIP ¥ & LREek
ERRT S5 2 ¥ IZL - TUNLRCS 2323k X M[164]).NLRC4 ¥ E 1L 3 % (Fig. 5-2)0
F 720 NLRC4 DEHALIZ L - CTZEREL 72 Beclin-l WA — b7 7 TV — LR % FH
L [164, 165]. NLRC4 Z# 53 2 Z ¥ (2L - CRFEREZHET 5, S L
7= NLRC4 1314 > 7 7=/ — L %Rp L T caspase-1 &ML I 5, SR
caspase-1 |3, NF-kB DB AL ICHF - TEE I N7 IR IL-18 D ATERAER % Ak L A

L CHERES AN D B HE L [95,160-162] . ML DRIk I Nz RIEET A
M2 A U e R RERICZFIE822F (Fig. 5-2),

4k

)

S INLERERTA ML VIdaBTARMBIECAGE EREiEL Y %St
T2xrd2, 7EIDA VOREZFE L CRELZFI SR L, § CICELX
NEEERBRAOTHILEZFTEST 2, LEN-T, TECAHA LY DOREESR
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WHEHWERETLH, REFRYETCHL TV T VOEBRICL- (HERI M
FEBRRBEAZMNLAEREREANRI ZYEIZ, TUILXF—FERHE (o
IR IZL L GBENERT VIV -2 BEILLTREENEZ LN,
2oL ) NBBEN, BNETLLX—IIBBROIL T 7 72X Y DEE
WHERO—RTH LTTREEND 5,

BERFIZY s CTERY WLRERYNDELEHEIL, REMEOHITEES
CRERRIZLE > TCEREBEORBEBEIZOTWNLBBEET 23322 L, BREL
FEEDES LR NS, R ICRELAZBREFRICELSE L ZVIZL 5T
[170-172], HEDEAENDRELR 2R T 45, 2oL ) WHEEIL., KRS LER
TOBEFLEEBELEEZ LN, 2 ) LEARREMHT 5 2 ¥ I EAREEHSF
DEBIZHRT LY W25, Lihl, TECH_LYDRKEERMESYE B L
et RERRVMHEIINT, BERFIZY > TOFBRLE L NILDIRENE
L), ABLETIZRICEL ZXIFLE LA RIETQ K D18 B AL 7 37 #)
L. RRAMEB DI A =D 2 RANRICHMZ Z2FRBRENFTDIZECLEBEND
%,

MEDLIZ, A THEFRBESLVEENPLEKRLAEANTEY) V7124 -
TBRRERENLERERENGEINL v 2nlLE, £/ ~EYY V7
DERTTHLE~NET VDN ZDODREAWE THLYLEZ KHDOZENS BA
REZENLERERZIZELBBO I 2zRALNILE, AFTORRIL
BREMAELZ TICREBINTVWLENET LILXF—REBRBII—FEZHR L5 D
Th), BWEMBEREL AT 5,

R TIE, KEBRBHWO~TL T 22D 1ETHSKHIZEEB L, KLH
2L o TCBERINZBAEERZKIZONVWT, Zosmr R LA, Lo, £
BORF CARLALEYZEEICERTLZZUNVEART THLED, BERORD
Lo THLICFISRIINZBARTIEREINT LRESZREC IgE NERT L
WX —PREROIZCBE LSV, BRVICAJNLURIRELLLYD, Wbhp L TR
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NELYE] IZL 27 VIV XF—DEEMNDRBIZAEEETE TSIV, £ 2,

RIEFRYEVPRBFIITREINL LIRS T, MBARBECREFICELES
nsmaesths, vlzI134, BIbiEe®E ) R %4 (Oxidized low density lipoprotein,
oXLDL) DELERD ThHh LA F A To— )L, ReEFIZEINLEIL AT o—
IWANBRAL R & % 1 CEE S N[173, 174]. NLRC4A X Rk (Zhafash ~ D RAE P&
1 874 v 2B 5 9 % NLR family PYD domain containing protein 3 (NLRP3) #
SEALSE S (175, 176) 2D L I, BFMERCAE - mIFHEICL - T
BEFINLCRESZEYE STUILT U EARRNICR)ATFRENEE L,
ZORRT T 74 7% —RUYDEELT LI X—IERPDFRINL TR L
BHOTHV, LEN T, BHTLILXF—DR2LEBEZBIETO THNIL,
=7 VLT v OHEDORESEYE CESBERS BN TR TH
%

oLy nBENLE, TNETMEINTVLZEREY T LILEF 1250,
BERBERADODRETABIINTCSZARRERRAIZL I REFRER/C. BIZH
LN TWELBEREROREFZSEYE Y 7 LILX— Yo YIZonWTE, B
EREET LLBD DL DEEZ L, 2 LEREEZREDERDOLIZEL S
HhnWFHEY L, 2020 FETOERANLZD I L TV EEDDHT - JREr @A
OFMERRSTLIATL2EE (LT L2 TEL, BMIZOWTINETE
BLAEATERER, BEOBRMBENSRNEAZBER, BEFOT / LFR, RRlF
RLLDE Yy 7 T ZRICATIRRN\BNLERRZ ZEZ 2GRS F LR
T2 30T, BFAROFEXRICLIRECEREICAIEICLLIREL
mZAHZr T, CNETRBIIN TS ZEREIRDOREECHQDET T AL
BRI FEOZH R T4, TV X — P BURBMRICEY TRZRNVEMICK
HhE-olLFZRFTRELLRoNTE), TVILXF—ERIZEHELTCEZDL)
TRIANVTREBOLNL DY, BT 27—V OREVDEL T LI —TIZELR
L, BIZEBILL 2l 2z P12, CHICHET 228 0ET X OFEROBEN N
TR TCHLEN, TLALXF—Id, BEDY IOIRBLALIAZOHENRE LR

108



EOLRIETH L, THEOKHRYZHRLEAT., BLUREIZEHT 2528 LE
MY OBEREOMBIIBEMI 2RO (WL, AL ) LAEELZEE
YT L2 e, COBMERZEMRORTICEAT LT, ZHRLTRET
YORREBCHRIEETF, BROMITFELYNREINETREEND 5,
CNETERBAFIABERZEAICLVWT, RRELDKR AR, ZELEIRIC
BLIT7NLF) VBB EHRHOZIEX Y 285 50 YO RRE - RIEey 04
RN INTEEN, BEOERTERIZCOVTREMIZAM I, oSk
EREREFLVFICRIT L Z2XICL). BFES - REAGHSREE LT LI
F—MAEBRRORRIZO T 2= FIIFET LU NEHAFINL,

AT TIL, KEEFMBYWERO T 7T VICL28R88A22NL -
RERBEDERN, 7+ 74 7F 0 —2a vy 7DL ) REBELT LIILX—FER
CHRT LA NTIRINE, NEYT VI, REERMHMEY L YD ENR
RiCBWT, BREBRUMINEFRAEHE DA RESI -2 b 5(177,
178, Bl Z I FED~E 7=V id b)) DFaER I L (CBEaIEZ2 L THEY
[179]. 2 ) LZABENE POEKRANIZEVWTHLWRERE 2 FHET 2 THE
FHEXN, BHAROERNORIBIZOWIT LR 2 ERT LI EEHY
EZLND, SLIZ, Yy —HARDBER YL W LFERD 2 77 A (Reduviidae)
2, ~NEVT =V EHAET, NEV TV EREBENRI LY INENFH L) v
(hexamerin) % #—>[180, 181], ~E VY 7 = v Y HBREE ZH >~FH+ £ 1) v |4
KIH I T 2R Y EFIZHRCRISGT 5 22 05 [182]  FERICHT 2L b A
RFIEBBEORISHH KHIZH L TER L L ) IZRIGL TWATRENE Z 57
Lo LEN-T, BBOBBRIEZERZFLY LABRTEALT2TH ), K
KR CRETLLINEBRLEBARAY 7 LILX—YYoBbL) LT LIILXF—IZH
BYLEHLTRATICONT, L0 2mA 28R L, RE LB HF Y L €
ENINLEZENRDLN S,
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KLH

Integrin receptor GPR98
PlexinA2 0 @ M
enylate cyclase type 5

@ # Translocation
- =P Activation
——— NE-kB
i

=P  Transcription

@TNF@D ° S

Fig. 5-1 KLH is recognized and interact with the integrin receptors, plexin-A2, GPR9S,

AC5 and 14-3-3. The interaction may lead the NF-kB activation.
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Translocation

Transcription

Endocytosis

‘ | Autophagy

NLRC4 | Beclin-1

——p  Activation
—
®

4

Phosphate

Fig. 5-2 The pass way of the KLH induced NF-kB and NLRC4 activation.
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AAFRIARRARFAFERFEGHEALN MFHERROKBIREL L
THE, CBEBEOTICHAPNALOTH), JZIIARELLIHEZERLE T,
T, BReoliEE, JHRE, CHErBHLNELERRAFRFREFE S
FFE A RNE—FIR, RRRBER, T8 2K, RTEBERIZICR
CR#E L EFEd,

AKRRDRITIZH-) . RBENCRTF > TS ES - EFRRRERERES
Ea R FEEA PERTRMMEICAR(CRHAF L LT LT, £/2. AFRICE
LF CORROERBECER IO L 2L ) T L 2B FREIART
NIVATTREFN RRAEBHRICE(CRBRHAR L LT ES, SLIZART L E
HLET, ZLDORBECTROLL LT, T—FDOBMLY, 2RI %
b )T LEARRRFAERBFEGPHEMEMFELRERR IARKEKIC
L) RE#EE L BT,

RARDZFITIZHE), 2 DTHACERLBESLI LERRAFRERE
FEGHEHERRKREMNFAEEDOEHRICESHEIALR L LEITES, £/ IR
FEFIZBEIELCE, REBHIIZLNELERRRKFRAFREFEGHF
PR KB EY TFEE, KERAWILFHITEDOEHRIZHC#FsLR L LT
SN
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