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Toll-like receptor (TLR) DJFFE & iGHAL
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Toll-like receptor (TLR) localization and activation
Shin-Ichiroh Saitoh

Division of Innate Immunity, Department of Microbiology and Immunology, The Institute of Medical Science, The University of
Tokyo

Abstract

Toll-like receptor (TLR) recognizes viral and bacterial specific components to activate immune responses. TLR plays an
essential role for a pathogen sensor. TLR can be divided two groups by their localization. One is cell surface TLR which localizes
in cell membrane to recognize mainly bacterial cell wall components. The other is nucleic acid-sensing TLRs, which localize in
endosome or lysosome in immune cells to recognize viral and bacterial nucleic acids. We have investigated about TLR
trafficking to regulate TLR7 activation. First, I want to introduce TLR4 trafficking and activation mechanism as a cell surface
receptor which recognizes gram-negative bacterial cell wall component LPS. Second, I want to introduce TLR7 trafficking and

activation mechanism as an endo-lysosomal TLR to recognize bacterial and viral RNAs.

Endotoxin and Innate Immunity 21 : 1~6, 2018

Key words : Toll-like receptor 4 (TLR4), Toll-like receptor 7 (TLR7), 2 &1k 18 > % — 7 = 1 », ADP

ribosylation factor-like 8b (Arl8b)
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7 AV AR R VSRR S 70 B o0 & RRER L Ol TR
5% Toll-like receptor (TLR) Z&%gnt o4 —L LT
DEEEFFD, TLRIZZORAEICE Y KEL 2HHD
AT ETE D, — DM RmE LICRHELEI
KB DR % 28335 TLR. Z LT ) —2 3k
NOIZY RV =454V —=LZRFELTHERY
AN ADOKBER S % #id 5 TLR Th b, bhubhlid
TLR O & G PEALICB$ 28 %82 17> T &
720 MOITHIMLEE B L T 7 5 2 B R oK 5
LPS % 3% 9 % TLR4 Ok & HMHALIZ O W TR
Bo WICHIMAND LY RV =24 - 54 VY — AR
L CHIR =7 4 v 2D RNA 4 % i3 % TLR7 @
fik LI EIC DO W Th b oif% 2 #$ %,

1. TLR4 DF7E EEEAE

TLR4 X 1 WEE@EENE TH ) /MRS TERE S
na&, MNaKICHEET Ay R v T8y gy

HIE glycoprotein (gp) 96 £ &&T 5", MATH
NbNH TLRY L &AL TMIKRICHFIEL ¥ v X1 v
128 < & #Hisy L 72 protein—associated with TLR4
(PRAT4A %)% Canopy FGF Signaling Regulator 3 :
CNPY3) b &A¥ 5", 2L T TLRA 2325 fkE LT
RET X 2 X ) IV G ICRIED 2 v X 9 I2&H
B2 7272t L FFFICRESEBH 2T %, 612
TLR4 & MD-2 £ &4 LC, TV IKTHZL 2 B85
fi % ST - B O TLRA & 7 0 MR F I~ & 5
55,

A RmEICIEB L2 TLRAZY A R TH A LPS 28
MD-2 12443 % $ Tld TLRA-MD-2 OEEED 1 &
KCHAET %o DILONOENT 2> & TLR4-MD-2 135l
JABE R CTLPS L 2B T A ENFHLNnL 5727,
X512 CDI4 3 LPS &£ &A% 5% TLR4-MD-2 & #if
k% 4§, TLR4-MD-2 12 LPS # it 59 24T
HbHLZEwERLE, Dbz TLR4A ® C Kl
GFP, %7:13 Flag # 7 %2 THBl S+, LPS fili#i%
WP GFP ik CTHRIELRE T 5 & TLR4A-GFP I
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A B Lipid A (1ug/mL)
min after stimulation
0 5 10 15 30 45 90 150 IP: anti-GFP
RN N R -TLR4Flag
S 00 S S a8 W ms -TLR4GFP

C D

TLR4F

. TLR4G

. - A+ E5531
'E5531

TLR4

RIEMEY A L hA Y 184> 52—
EEAN

1 TLR4 3 LPSHIBICKY 2 EFEHHKEL TEMET S
A M2l TLR4-GFP & TLR4-Flag # %31 % ¢ %, B: TLR4-GFP & TLR4-Flag
& MD-2 & 3Bl X &7l & Bt GFP PuikiZ CTHRIELFES % & TLR4 L O & & 2%
HEh7z, C:Lipid AT ¥ % T=AZ b E5531 # Iz % & TLR4 @ 2 BAREE A5
APl S 7z, D MiIfaFEI £ T TLR4 A5 LPS 2 2033 % & 2 k2B L Cift
LU RTEMT A S AA V2 EAETE20DY 7 FVEELR AL T 5, ZDH,
TLR4 FHIENICZ Y FHA =3 2AENTHhS 1AL vy =T 2a VEADZDOD

VT FMEER TGS 5

TLR4-Flag & E3 5 Z £ 205, TLR4-MD-2 (% LPS
EEETHLELERBERRTAIEVPHLON L o T:
(M 1A, B)*"s BUE TR ST O RICX Y
TLR4-MD-2 »LPS L &AL C2REEHET L L
DS o T B, MD-2 1213 k& %LER7 v b
ROIZAPFEELTLPS BZ I3 E 2R TEE
29, shichhbhiz~y A2 MD-2® 126 FH®
Tz VT 5=y, LRI FHOZYI S V2T S
SVCEZERAREMRRICEBR S E S L, TLR4-
MD-212 LPS Z&& L TWAIZh hb b T 2 Bik%
B LTwhAnwZ ErBRshiEY, CofELYy
MD-2 1213 LPS & &&$ 57217 Tld % < TLR4-MD-2
A2 BB E T BRI BELREEHERLZL TV
CEDWS LR o7z,
TLR4-MD-22IZ7 ¥ % T= A MZOWTOWF%ED
KR iTbhTnwd, ZOT7 Y5 T=AD—D
E5531 &z % & LPS O lipid A % il 2 72§
WIER SN 2 KRB bR kbl L2
2L (K10 ZoRELY 7y T=2 b E5531
(& TLRA-MD-2 @ 2 R IAER L, 2 2R %
FHIET A2 TT7 vy T=A M LTEHLTWS S

EDTRIBE N7z, & 51C Lipid A OREiERA® Lipid IVa
i~ A®D TLRA&-MD-2 12137 T=A b & LTHEH
L, & b TLR4-MD-2 &< A TLR4-t b MD-2 121
Ty I=AMELTERTAZLEEZHEL TS,
%o Lipid IVa THI# % § % &L~ XD TLR4-MD-2
2 BIAAE 2 589 575, & b TLRA-MD-2 R~
Z TLR4-t h MD-2 Tl 2 BREHK 2 FHEE T, 4B
72 Lipid A Bl CREET 5 2 BAERZIE LA L
SRS 5 2 LR shEY, ozl Ty
& T=A PO A TLR&-MD-2 @ 2 BRIERO & 2
AIMERLTBY, MD-2257 % I=Z FbOERIC
FELRBEEZ R L TWAT L ERIBL TS,

ML 2 BT LPS % 3% LTI ML L 72 TLR4-
MD-2 &, ¥ 7 F IVInE 45T Myeloid differentiation
primary response 88 (MyD88) & && L CHRI;EMY A
NAA VELEDTDD Y T FIVAEERAE 2 G L S &
5o & 512 TRIF-related adaptor molecule (TRAM)
EAHLT—#ICHIBNIZZY FH AL F—Y 2 &R,
HINTLEA v —7 28 VEEAND Y 7 FIVEE
OFEMAL 2 FHEST L L2 W52 LAY, TLR4-
MD-2 DY K% 4 +—3 A% ¥4 5% Dynasore %
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mzsE 184 vy —7ca yEEIIHhHD 5 Inter-
feron regulatory factor (IRF) 3 @) YERIEHDZFE L <
flEh, 1B vy —T20arEERTDLNLE D>
725 20X 912 TLRA-MD-2 DJFFET % ¥ DT
WEHALTE 2 3 7PV REDOHEIZE DS (K 1D),

2. TLR7 OFTE &iEHAE

TLR7 (&7 4 )V ARl @ RNA 5% 227 LTIl
19 %o TLR7 /MRS TER S 7B/ fatkic
459 5 uncoordinated 93 homolog Bl (Unc93B1) &
KA LT COPH /Ma~EAITL, COPIL/MaxirLTT
NIRRT B, 2 LTIV IIKTHE % S
flizzly, 79 AVYDOTTTE—45T AP-4 %4 L
TIZYRY =454V =2~ BITTHZ LW
SN, TLR7 £ OEEHTE %\ Unc93Bl 2 Ffk
T, TLR7 2VNMakr oo $ry Py —24a - 54
V= AANBITTELRWI A5, Unc93Bl A% TLR7
DWEIZD Do TWDE I EIRBENY, bbb
L TLR7 ISR 3 25k %2 /E# L T TLR7 oMM E
HEMRLIZET A, TLR7IZIF & A LD Lampl T 72
(& Lamp2 Btk o /NMEICAHAE L TH Y, TLR7 H3HIHLHT
MHEIAV I —=NICHFELTWDLZEPHLNEL 5
729 SHIAEFTHIRERICHELEZVEVWDRT
W7z TLR7 2SHI R 12 S B L TV 5 Z & 25H & A
Y 7% 572" TLR7 3 TLR4 & 87 1) T IR THES
Bz SN2 Tkt cidih, kAL Hke
LCanIfkezs, LTy FY—L-F4 VY —
MIFETHE, TV Y =LA F4 I —WITHFIET
LEHEASMHZOB XX ) REsEsh s, TLR7
DIRES RSN B TLR7 O N Kl o 14 & H
EI5FHou AL ) vy TN KELES (Leucine-
rich repeat : LRR) OHIO M %2 7% < Z-loop & M-iE
NBo7% XEH DS TR 57, Z-loop D#R5 TR
ESRENTY TLR7 O N RKNIEY AV 7 4 FiEd
TCHBMESELTBY S TENICIZITIEALED
LR LA LV ENISECETNY &V M
ERIC2EBREZEETELLICRIEEZLNRTY
Y 2ok HIC TLRT IKIEDOY THH T Y B
V=AY —=AIZHFELTHDTUEEILTE S
54 TORBII TLRT £ bo 2D ETEHTO
TLR7 "HC® RNA 2385 THBMLTHIET A5 ED
ALBERGHALZ VT WA DEE L 5N 5,

TLR7 & TLRY &7 4 )V A R#lH# ® RNA % DNA %
Bk T AT TR, HEOBME G % b ikl
TLE)WEMYH D, 2720 TLR7 & TLRY I35k
B SN B VEDDH S, UncI3Bl % FERI RN
% & N EKMHNZ TLR7 & O&E % Mii§ 5 B ETE
THIENHESHE %5727, Unc9I3Bl 1213 TLRI &
TLR7 25 A NG ST 2GR TETEBY, BHAEMD

Unc93Bl i TLRY L MICT Y FY—L4 54V
V= ANBATEE T W5, Unc93Bl @ N 2K i 8
MUFHDOTANG X Ve T FT=VIEZTZ1T I
B RARTIE TLR7 L O & ML &), TLR7 %%
FWICEDOYTHATZ Y RV —L - T4V Y — LA
BATL, K¥Z TLRY BT IZMH S h Y, 2oz
EATLRT ORUGZHR S LFERERY, ZOLR
D)y I A ARERT L GO REERT] &
LY, S ofE2 5 Uncd3Bl i3 TLRY &
TLR7 DA RSB D% 0T TLRY 2T 52 &
T TLR7 D% %2 ¥ L CTHC ® RNA IZH$ 2 AL
RGEHALZ B VT WA T EBH LN E 572,

3. Arl8b (C K% TLR7 OFRER

TLR7 & Unc93Bl & /MR TERE LRICIEDY;
THILILY R =L FTA IV = A~BITTHI LW
B 52027 - 7278, Unc93B1 (213N E 2 Db 5
BRESHIAS Y S A VDT T8 =T RE R ALV
VAR L e v Z D720/l 255 b 5 Big
17253 F A% Unc93Bl1 IZ& A LT TLR7 ik L T 5
O LHEN LT, Unc93Bl F 721 TLR7 % Sk etk
(2 Unc93Bl X TLR7 & & 50 F2ifkr o~ b7
77 4 —B&5N (LC-Ms/Ms) 125 T & L7z
3% & Unc93Bl & HIE LM L 72 S TLR7 % %Lk
LD EB I FHESINTEL0TFEL 2
Z AT & G & E @ ADP ribosylation factor-
like 8b (Arl8b) TH - 72*, #ikMily, ~rm 77—
R Bl ¢ TLR7 & Arl8b i3 & & OH N7,
Arl8b 1T 4 VvV — AIRET 25 T= GEHET,
T AV — 2 HUED B BT N %5 5 IEATYE O
BT hbo Twb, AEOE X %9 % Rab7a &
TLR7 OB Z MG L THA S E TLR7 & Arl8b & HH
TEASHR C RO BN TW A %S, Rab7a &34 WIC LA
WRERRBO N Doz 2O EHS TLRT &
Arl8b DR DO FERERIZ I Nz bhub ik
Arl8b DEIRTFHB 2 RKIF S 7277 X Arl8bGt/Gt <
7 A E AR L OB M AREHRAL (pDCs) % 4T L
720 THEHAMOMPLTIETIA VY —AICRIELT
V5 TLR7 250 & 0 /Mg ECIEfT OB E % 5
AH, Arl8bGt/Gt ¥ 7 ARk OMME TIZZ DR E A 4
CBDONLEHh o727 Arl8b IZEET A5 T THY
NEAT P 955 2% 12 2> 224> A pleckstrin homology and RUN
domain containing M2 (PLEKHM?2 : SifA and kinesin-
interacting protein (SKIP)) @/ v 27 7w b~ A
KD pDCs T [ERIZ TLR7 §illi# %o TLR7 OF) & A3
ELBOLNLG o2 2D EH S TLR7 EH# %
12 Arl8b & PLEKHM?2 % 41 L THUIMNE b & IHAT ISR
BHTLIENPHLNE o2 ZLTIND OBIET
WE~ ZAHFKD pDCs I2BWT TLR7 Hliic L 5 1
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O YEAEDOD Y I MEEEEEL S5,

WAy —7zn VEENEL LI ST,

INH DO RIE TLR7 DNEATHEOBE 1T A ¥ 5 —
T O YDEEICDRNDL T EERRELTWiz, TLR7
DAEAET B /N B L CEGES 2 GATIC 2w TR
¥ 5 &, ZNIE mechanistic target of rapamycin com-
plex1 (mTORC1) 2SEHEALL TV Y B L S TW B/
feTdH o720 mTORCIL i TLR7 #l#c X 5 1 /A >~
Yy —7 20 Y OEAICEERZEEH R THTFTHY,

mTORC1 ®FHEHNZ X Y pDCs 7> & ® TLR7 ARAF1 72
1R V=7 cu AR sne, 5118
4 vy =70 YEREIIHHD D TNF receptor-asso-
ciated factor (TRAF) 3 # 00)ibbd 5 & 184 > & —
T 0 YRERIZO RN D VT IVIRES T 1kB kinase
a IKKa) ® mTORCI "G LTWAZ EHHLH
L7572, mTORCL Y YL N TBIHEiLsh
Twize ZLTINL DT ORXEIZRE & TR
B HN7zo TRAF3 O LD ¥ 7 F MuiEs 1T
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NTW5ZE25 SLE IEICBIT 5 TLR7 O mEMED
RIEXNTW5, BXSB. Yaa ¥ 7 2128 W T pDCs
FIZX Y SLE OSE I S /=2 & H» 5, SLE 0%
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Neutralizing antibodies induced by gene-based injection have a prophylaxis/therapeutic effect in
influenza infection

Tatsuya Yamazaki'?, Joe Chiba”, Sachiko Akashi-Takamura"

YDepartment of Microbiology and Immunology, School of Medicine, Aichi Medical University
?Department of Biological Science and Technology, Tokyo University of Science

Abstract

Classical passive immunization has provided the benefit to prevent against infectious diseases for over century. Although lots
of antibody-drugs have been developed for cancer and autoimmune disease, those against infectious disease are rarely available.
Because it has complex reasons including the current availability of antimicrobial drugs, small markets, high costs, and microbial
antigenic variation.

We firstly demonstrated long-prophylaxis against influenza virus (A/Puerto Rico/8/34, IAV) using plasmids encoding
neutralizing IgG monoclonal antibodies. Antibody gene-based injection could induce stable and high expression level of the
neutralizing antibodies, which was possible that single inoculation protected the mice against a lethal dose of IAV infection. We
proposed that this method could dissolve problems of high cost to the purification, limited supply for pandemic, and the risk of
using viral vectors.

We also succeeded to treatment against IAV infection using antibody gene-based injection by hydrodynamics (HD), which
was involving rapid inoculation of a large volume of plasmid-DNA solution into mice via the tail vein. HD could rapidly induce
the potent level of neutralizing antibodies in the serum within 24 hours. We demonstrated that a single HD completely protected
the mice even after a lethal dose of IAV infection. Finally, we also generated other isotypes of antibody-gene to exchange from
IgG to IgA, IgM, IgD, and IgE to retain the variable region. The neutralizing IgA was most effective at reducing upper
respiratory tract IAV infection. Thus, our passive immunotherapy could provide a new prophylaxis/therapeutic strategy of
targeting IAV infection.

Endotoxin and Innate Immunity 21 : 7~11, 2018

Key words : passive immunotherapy, Antibody gene delivery, electroporation, hydrodynamic injection, Influenza
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UTFOLARLVTCHoTe COMRLY, Y4 VZADE
PR AL 0) LT, IgA Puik@E s 7 o BB Rt
W EPRBEENTZ, A VI NVI VT AV ATl
W, SRR e B DT, IgA PukEEF o513
AVINE Y FOBRFIIBNTHEN R ETHLEE
Z Bz,

BHUIC

PSR Z 53 5 2B RELRIE, 77T Ry
A WAL WIBIIEIZB T, FHi - HEOW )7 TR
RTHBEEZOND, f VT NVZ T ALV AR
HIV TRER I A VAIIZHRIETE S L H 1, BT
BREINTWDL Y b =715 T 2 PRk 7 a—
ZUTPEAATPNT WS, —J5 T, HiKE#HED a
A PRWROFERVEEEZET S &, PAERETFICES

SZEIRERIEIIN R HETH D, L LEETRE
DR ELPEZ, ZRICEBETEEAT L HEORSE
Thhb, TL7 baRLb—Ta rEenS FayfF
I AT MIBURBREENEVEEZEZONR,
FTCIERRIGH TE 2iEE L IEEVEEV, BT
O % R EVE O BZ FEAENHIE S AT, b
NhHbNOWED & THREEFFEIE, PUREED
BIFENDOIEHIZKRESHEBTE 2 EE LT,
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New insights of surgical host response in view of lipid mediators
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Abstract

Various extrinsic and endogenous mediators are produced and released not only in the local injured and infected foci, but in

the systemic circulation after surgical stress and sepsis. Recent progress of lipid research has figured out that lipid mediators

have pleiotropic immunological properties and are associated with various disease pathophysiology. Therefore, lipid mediators

can play a major role of regulating host responses after surgical stress and sepsis. In this review, we focused on important lipid
mediators, including specialized proresolving lipid mediators and lysophospholipids, and discuss the role for surgical host

responses from perspectives of clinical application.
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Vv YIRE, PCSK9

I 729DITiE, R ONBHEM D S A2 EROATIE R
{, EBRoBEICERIN TV LA % 4512
N, SORLMEEIRDLIZODETIVANRKTH b,
KT, 2R RAMEEE AL, B2 < OREHE
WSS ERMEESNTVALIREA T+ = —% —
WCHEH LT, MRHMREEZOEARKIS B L O, ZoiEEn
FANOU R O W TERINR S & TS T .

1. BBEXT 4« T—42—(ICKHHEERIRIEIN
RigE

SMESSER T, M E A ITHE L TR BT I M
W ZL L, ZHOUFRIRSEET 5, T2, KIEM
YA MAA R EQDERAEE & HIT b REAMAL
MIGiMETH 57 5 F F B (Arachidonic acid : AA)
M, rutXFxiryr—XillkoTTury s oY
> (Prostaglandin : PG) ®uaAf a2 Y x> (Leuko-
triene : LT) &V o 72 EMIRE A 774 = — & — T4
SN, Pkt 2R L, RIEWELEHEmE 5,

MHE A BERERRATREGERBBEEL - L/ T 270-1694 T3 ERVE i i 1715
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1 BEATAI—2—U 7Ry FLJICKDRIEEIR EBEBIII RAEINEK
PG : Prostaglandin, LT : Leukotriene, SPM : Specialized proresolving lipid
mediator, PMN : Polymorphonuclear neutrophil (3ZHk? % %)

20k, ~r a7y —IYWRENGREL, Rk A&
LRIERINRT B 2T T, REEIWZ2BE & LTt
AN S N CE - EER I LT, KERIIT %
EERIHE L ZEN 2 7a X & LTHRENTT,
L»L, AADPSYRF IV TFF—E¥2 AL CTHEAS
N2 RHEW D, FhEREENEEREE T2 2 L8
WY, JRE AT 4 T — % —I12 X B REEIIYSAE IR
B DFIEPMOEND L)Xk o7z, S HITHEAF, #
MY E R I 7 AR B O &SI - T w3 R4
FEIMBCcH b A o~y ¥ U (Eicosapentae-
noic acid : EPA) ® Fa ¥ A¥+4 Y (Docosahex-
aenoic acid : DHA) 225 &N 250 FI12b, kDL
EREEIER Y 7 0 7 7 — VI X BIFPEROIERNE
FEMEE (7 0% A V=Y A) EHEATHI L
MG S N7 AR, NSRBI SSEICRER & A
9 % i B R B 8 B 1%, Specialized proresolving lipid
mediator (SPM) L#FENTW5SY, SPM 1&, K%
BT PGRLT ORELAZIIHT L L2505
NTBY, INL—HDORYE A T4 = — 8 —KGFHED
RE B Y SR SE-2 SE I A M 7 1 & 2 13 Lipid mediator
class-switching & IFFlEh T2 (K1)%,

1-1. SPM DFEFE & £ DRIEIRIEH

SPM 121X AA D) R¥ ¥~ (Lipoxin : LX) *
EPA HFED L V' V¥ ~ E % (Resolvin E1:RVEL 7 &),
DHA HFEDOL V' V¥ » D % (Resolvin D1:RvD1 7 &)
X 7u5 27 F DIl (Protectin D1 : PD1), L ¥~ 1
(Malesinl : MaR1) 2RI NTWAS (X 2),

~ v AW E (B 2R% 0 (Cecum ligation and

puncture : CLP)) EFWVIZBWT, LY ¥ X D (DI,
D2) OFe A3, Rk 2 X972, MR & BR
SRR RD S 85 2 &R MR IER T 5 L
YNVE YDl HBHWwiETaT s F v DIFEGIZL - TH
EWEOVER S ROBER LR/ MG ShTw
2% BOEOWETIE, LY VE Y D2 o< s 0
77— I MM ERRITEEH I, GERkEz
#1K (G protein-coupled receptor : GPCR) T# % DRV2
%41 L Protein kinase A % STAT 3MKGEMICHHT S
CEFMEENTVWEY, X512, b MUMEREICB
\J % SPM Ol 78 7 7 £ VAT R BB E O
NAF—H =R bIEHRESRTNDE,

SPM @ &5 WORAE FH CTHEBIN 22 O 13/ & TIRIREE T
TEf$45Z2ETHbH, WU DHA R EPA #RE LT 5
PLRRIEM AN ZEBARTH % Peroxisome proliferator-ac-
tivated receptor gamma (PPARy) 2SHU4EVEM % J84#
35O EIRE (EC50 T 10-00 mM) A E &
H5DIxF LT, SPM MK (EC50 T pM~nM L
NV) THY, AENTHEI) & SSERIEH 25 Tw
HIENEZLNA,

1-2. SPMtEDESEDRER &R

BUE, BB 7= F R0 — Vi & RGN
BB THRIGH SN TV B HLREMEHE (X714
FRBUSIETET A N A T PUREE R &) 1 30REH %)
RefH LHEH SN TV DS, SREMHIEH I X 2 g
SEDEFEH T & 72 o T b, SPM I HL. 7 5 5o Hi]
TE%L, TLABGYEL ML ) L > 2
LIIFEITRETHA ). LAL, SPMIIELIIHRL
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1
1
—— wolEREES » i < w3fgihEE >
1
]
TI5XRUB i IAOHYRVATIVE RagAx4 I
(AA) H (EPA) (DHA)
: |
CYP450 F\\\
COX-1 5. 15-LOX
coxa X isiox | 12-LOX
5-LOX siox 15LOX
1
[revaEyy | [aqaruzy | [ussy |  [wunese] [Fezszr][vinesp]| [=ror]
1
1
ECECrE i
1
1
RIEF M ! N e o _
< BEAT T | g FERRRRRS TS L5 (resolution) _y,
(initiation) | (Specialized proresolving lipid mediator : SPM)
1
1

2 RIEINKRMEEATI—4—

Specialized proresolving lipid mediator (SPM) & & ® A%,

SO RE IR S h e T i EORIFEIZ T
TR R 2T NI 5 B WIED S 5 D BURT
%Z’O

2. VUVUVEREAT 1 I—8—

U URRE R, BT VBB AT VEAEEAET
LIREDORMHTH 5o AR ZHER T 5 FELRIRET
Y, HMlLHBAN/NGEZHSEEZHS TV,
X5, YT FMEEWEE LToRkEEHY Y VIR
Hu2) VIREA T4 T — % — LR e 3/
FICHET A RERZ K A L CEREE R RT Y
VIRE T,

VUREA T A = =123 SFEEL008H 5
A, e Th) V) VIREEE 2 IMCoFE AT 1 = —
F—EWHEN, VTINV) VRED2ARKDOT IVED
IB 1A VIRETH Y, KAKY =¥
(Phospholipase) A, (PLA,) X i s e sh
b TNET, VY VIREIZT 7F FUBAHZRO
HIFEW B X$, ML~V THR SN A1 b RIiG
HERICE2bDEEZ LN, TRIEFEFEHSNTY
Thole LML, EEOEGETIFEOM#ELEIZIN )
V) VIREO—HEDPIREA T4 -5 — L LA D
REECTHELRZE 2S5 TWAE I EHKAL LS M
oT&l. VY VIREZ, WEMATH LY VIRE
WZHERBUKEAME T LCTB Y, A5 IHIRIE D & b i
LA L9 50 MEHRIEER 2B v 1L
RWT I MEEZFTHRESNE, 20 L) REEIE
VY UIRER AT 4 =8 =51 LToORKEER %
BLTELRELGENTHELLEEZ LN,

2-1. VJVUUEEBAT 1+ I—42—DEEEZDER

HERNTIREEEE R VY VIRENFAST 505,
VY VRS LE, ) ku— e gk T Y
vy VIRYE (WY EARZAT77rFIva) v (Ly-
sophosphatidylcholine : LPC), VYV HRAT7 7 F I V%
(Lysophosphatidic acid : LPA) % &) &X74 T
VEEHRETHAIVIATA VIV UIRE (A7 4 v T
¥ »-1-1) Y& (Sphingosine 1-phosphate : S1P) 7 &)
RSN, Thsid, MRBICAET 5580 7%
GPCR Z/- L TIEH LT 5,

3. UVKRZXT77Fnay> (LPC) &%
DEERE

LPCix, 77Uty yEHHIZa) ») VERE—DDT
VWEDBHE L) V) VIRETH D, BIIREE L &R
CBfRT 5 & 8NABLLDL O EEK S DO—D2TH
%o LPCIE, MEHICHEE M IBETHMEL, &D
BEZRVVYVIRETH S,

MHICAFAET A LPC 1, HEOREDiEAE (16:0
(40%), 18:2 (20%), 18:1/18:0 (10~15%), 20:
4 (10%)) DREHRE LTHIEL T, LPC DjiEA: -
R E LTk, "2 77F Y12 >~ (Phospha-
tidylcholine : PC) 75wl PLA,RS L ¥ F Y I L AT
O — 7 Vi EEF (Lecithin—cholesterol-acyl-
transferase : LCAT) 12X 2 K53 % 520F LPC A%
BExhs bz, VY UIRET VVviEBEE (Ly-
sophosphatidylcholine acyltransferase : LPCAT) 2 &
D PCIZEHsns (VT V7&K (Land's cycle)
LIENG). F/2, LPCIXY VARAKRY 28— ¥ D/
F— 1% F ¥ (Autotaxin: ATX)ICE DY VAR T 7
F ¥ VW (Lysophosphatidic acid : LPA) I2Z#r & b,
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3-1. LPC OR&EZFN{ER

LPC #I¥E, M55 N RN, HERRMIIE 2 & otk
Y 2 & OB A5 5 TR COX-2 FEA, MAPK %
NF-£B Otk At % & O AP SO % i85 % & it
HwENTELY, Lo L, Thoodkicbnald, §
FRIIBIT S LPC O HiRE, IRIEEME, 7r7 3>
% & O LPC G EREWHE, LPC KSEE# 72 & OBk
VB L TR VIEEZET 5 HE,
LPC IZ & 5 NF-£B O{fi:1tix LPC iR ED D
D, KO LPC XI5 NI B 5 NF-£B ©
WAL A B3RS 525, SRE CRIICHHT 2 2 L
WEEshTnbY LdoT, BMEREARNTIZ,
LPC OAEFER DM —M b OTIE R, SHITHEE
FREE T Z OBHENEDE L T 2 W REVEATE V.

3-2. LPCORETFICH T B/ER

Yan 5%, =% X CLP EF VI & A HIIIEIC B W
T, LPC (18 :0) O G-MEREMEAFMIZIH PERD HO,
FEAIZ X B BMEER 2 %It L, TNF-o, IL-18®
EAZIH L, IFN-y OpEA %2t S5 2 & TR
KEQFESRDLZEZMRELTWAH, 72, Chen 5"
&, BUIEICxT 5 LPC #5012 & 5 FHRUEEORT &
LT, LPCO~Z7u77— 2B 58 HMGBI
(high-mobility group box 1) #EAEMHIER ARG LT
WHZEERELTWS, LAL, WMlEHFICBVTY
18 : 0 LISt LPC HiTld, TEM3 % Syt Liifla &
WAH Y, PLEIETIE % <, & LAEMIEH 2 Ek§
HTLLWEINTEBY, HAENTO LPCEHOZ4R
PEAS) AR B

NSO LPCIC X A PURIEVEM % ity L 72t ic B
WC, LPCIC & 2 i )t X GPCR T& % G2A
ENTHLDTHLIENMEINTWD,

F72, b MRIMAESRZ T, M LPCEEIMET L
TBY, ZOREEASHIT ML & JEH & P SO &
DEINHHTH LI LY, $72, HIEERL TR W
FTHIELWMEESRTWAEYY, T4bb, WILER L
DAMED RFEIRFE T, LPC 13560 0 RAEMAEH Tl
%<, G2A A L72Wi&IEIC X % beneficial 1EfM %
HoTWH I EAREEND,

3-3. LPC OE{LBMEEHEDFA~Y—H—EL
THES
FEBLT FA0 38 A R R 1 O R 7 & ORI
DR D b 5 F, THALEIVEN A PFE 13K
ELT—EDHETRAEL, TOERIIABRD Z &L
L5 b72 5, F7z, HALTEFMICB W CINES
PHIE DR ED RS AT HROEALICEET L 2 L 3K
ZL OFIZBOTHME STV B, WHRaIHET
ABIUOZORMFPHEAZKTERNE LT, Pl

BB X OO OHERAIC X ) FE SN L BE 2 S
HAMROE D ORI GRERGEIK T 253 F 5 hTw b,
bbb THREBE ORI BT 58 7 SRREN
ARBOER B & O & PHEFS A2 BT 5 LPC o #IC
B3 2 MG 217> T & 7o FERERITHALZRSVEL 400 S 4l
1 (4 63 4ER) 2B A LPC B X "2 ORiERIAT
b5 PC, ZMETH S ATX #W#E:, ELISA 12
TE L 7zo BEMESE T RH R Al 2 A2 380, K He
Tl 2 AR R, AT - BFRR R TN 4 R R
L, It LPC #EE (E % oM a2 & 0ZALHR) %
RTAZ L, BEEOHIMIONTIMY LPC DK T2
TOBEE Lo Tz, U, I LPC i EEA T4y
BB A ST 2N A~ —H— & LTOTEENZR
LT bo % 7, KBTI BT, ik & BHE % 52
Do 7o L RO T O LTI, itk & HHE 2 789D
7 BECH B ZoI LPC 29K TF LTwz (M 3A),
MO LPC & IL-6 & OB E MR Lz L 25,
LPC & IL-6 3B MMM EZ R L7z (M3B). T%4b
b, FERERETH L FHBREOAMKICBNTD
Iirp LPC &, MR T H A MOMAE & FIER AT 9
Ak, F7z, LPC SHIRMEMEOFIEREINT-& LT
ER L TCWBZEPHLNE R o7, T2, FHRE
2D LPCAME T3 458 L LT, PCIZLPC EAE
MR ERBMBIKT T 22 8, ATX EFAHimH
BTEAD N L9 5, itho LPCLTIX, PC O
Rl 2 & i~ o> 2 B O 3 A 3B 5- L T % W] BE S
SRIBENY, DLE s, BEEEIC TR HEIC
e T & B LPC OB AIETFH~— A2 —& L
TORREZWMFESELLDTH - 72,

4. PCSK9 & (3

HiBRK 5 28 7 Hsik R 7 ) v/ rd 09
(Proprotein convertase subtilisin/kexin type9 :
PCSK9) &, LDL =7k, 7KV KEH B IIHe < Kk
PRI L AT u— VIILED RR#EEF & LT, 2003 4F
WZHTBLCTE Sz BIAE £ T2 PCSKO IZB 3 5 fif
HrastEdx 10 452 & 3 CREIAEIZE S I, 2016 4F-4 J
P HARFTHBIRMEATREE %25 TWwb, PCSK9 #1n
TONH S INE TILE L OBIETZBHE SN,
Z D PITIIFRREIEA T 2S5 L AR R I R DD B
ZERHLENT VS,

FREAMZ 53l S 7z PCSK9 1, LDL 524K ® EGF-
A RXAL VICHET 5. 2D PCSKI-LDL ZHEKEEE
ISR E L, m#EMIZY v Y —ANTLDL %
BARD R S %o PCSKY 0 4% il 2 15 70 42 5 e Ifit v
PCSKO DS WA, LDL ZBARD 5A#HITHE L
LDL-CIijE% 7259, L72A%> T, PCSK9 BHEH X
LDL 25RO 3@ 2 i35 2 & THERIR 2 5T 5.

WLIE 722 & &SR 88 F Cld, Lipopolysacchar-
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ide (LPS) % Lipoteichoic acid 7 & ®¥% EARH R IR A,
Toll-like receptors (TLRs) (2 #2k & AL 7 59 M 5
IEAER I NS, IO ORFEMRERIFE X, &%
IZLDL % VLDL IZ2&# s, iFEThiishsd, 20
WS PCSKO G L CwaAZ s s T
D, Walley 5'71&, Wiz % PCSK9 OEH % #
HFLTWwS, LPSHEGB LU CLP ETNVIZBWT,
v 77w < AB XU PCSKI HihoF 513 wild-
type BL T ¥ b I — )VIZHRT RIS ORI, 56
CHEOKT 2RO 720 BRI B 2 RIEEAE 5 O B a)
T, i PCSK9 i B3 H I AR THEICHMET
HH (H4AA), FEEHITIAEFBN IR TR W 2 72
BH7z (M4B)o PCSK9 ZRE A T4 =—% —Tldew
2, IBERHEE VO BELSORETOWREMEBL X

CHRFICH OO KR E S 2R L TH ) KREMIK

‘2'77]':{\/\0
BbhVIC

AR, HEHSNTWBIRE A T4 T — % — DRER
DRPEFIIVE 2 IR T % & & B IIRBE R
Wt UCERIRIB & LT v b PCSK9 0 8.1 o 2 fk
BOG G O feE %2 #30 L7z PR EBZOEKTIE,
INSDREATFT A =7 =P RELLEHTLHIET
AP O A7 5T HEIHERE, THREMAMCOESL L
TWAHIREMEDH 5755, ARTHRRTE2LHITTh
5EBE LR IEMD TL v, 4, SHhLH|
FHC X ) BB BARHER 2 ZR TR RE A 71
I—F—%% =7y Mo L72WMREPELERSNS Z
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TLR2 activating substance in the capsular polysaccharide fraction of Bacteroides fragilis

Junpei Waki", Haruyuki Nakayama—lmaohji”, Mami Ozono", Shuhei Hashiguchil), Tomomi Kuwahara?,
Masahito Hashimoto”

YDepartment of Chemistry, Biotechnology, and Chemical Engineering, Kagoshima University
“Department of Microbiology, Faculty of Medicine, Kagawa University

Abstract

Bacteroides fragilis is a member of normal intestinal flora and is known as an opportunistic infectious bacterium causing
intraperitoneal abscess or septicemia. It has been shown that the bacterium activates the intestinal innate immune system via
Toll-like receptor 2 (TLR2), and the relation with intestinal disease has been drawing attention.

The cell surface of this bacterium is composed of capsular polysaccharide (CPS), lipopolysaccharide (LPS) and lipoprotein
(LP). Capsular polysaccharide A (PSA), a type of CPS, is a zwitterionic polysaccharide and is known to induce regulatory T
cells in the intestinal tract and inhibit enteritis. In recent years, it has been reported that PSA activates TLR2 which is an innate
immune receptor. However, the structure of PSA is largely different from the general recognition structure of TLR2, and the
possibility of contamination could be considered. In this study, we separated the PSA fraction from B. fragilis and examined the
substances involved in TLR2 activation.

B. fragilis cells were subjected to hot water-phenol extraction and followed by hydrophobic chromatography separation to
obtain a PSA fraction having the ability to activate TLR2. The fraction was further subjected to SDS-PAGE separation based on
their molecular weight. TLR2-stimulating activity was scarcely observed in the high molecular mass area where PSA was
present, and high activities were observed in the low molecular mass area. The active substances were found to be proteins
because they were digested with proteolytic enzymes. These results indicate that contaminating proteins are substances
responsible for TLR2 activation in the PSA fraction derived from B. fragilis.

Endotoxin and Innate Immunity 21 : 18~22, 2018

Key words : Bacteroides fragilis, Toll-like receptor, capsular polysaccharide, lipopolysaccharide, lipoprotein
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Charles River, Microbial Solutions

Decrease of endotoxin activity in solutions containing a chelating agent
and a detergent (Mechanism of Low Endotoxin Recovery)

Masakazu Tsuchiya
Charles River, Microbial Solutions

Abstract

Low Endotoxin Recovery (LER) is a phenomenon of endotoxin activity decrease in a matrix containing a chelating agent and
a detergent, and is a controversial topic in the biopharmaceutical field. The mechanism of LER is not fully elucidated. When
endotoxin in LER solutions was diluted with water, the activity was decreased. The activity was maintained for a long time at
4C, and was recovered by magnesium dilution and direct addition to the Limulus amebocyte lysate (LAL). The size of
endotoxin in LER solution was not changed after the activity was decreased. Considering these results, a new LER mechanism
was proposed. A chelating agent removes divalent cations from the surface of endotoxin aggregates, and endotoxin molecules
on the surface of the aggregates are replaced with detergent molecules. The reduction of the surface area of endotoxin

aggregates causes decrease of the endotoxin activity to the LAL.

Key words : Low Endotoxin Recovery,
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Endotoxin activity assay (EAA) in patients with ulcerative colitis

Tomoharu Shimizu”, Toru Obata”, Hiromichi Sonoda”, Toru Miyake”, Tomoyuki Ueki”, Tsuyoshi Yamaguchi’,
Hiroya Tida", Sachiko Kaida", Katsushi Takebayashi, Eiji Mekata", Yoshihiro Endo”, Tohru Tani®, Masaji Tani”

YDepartment of Surgery, Shiga University of Medical Science
“Department of Clinical Nursing, Shiga University of Medical Science
YBiomedical Innovation Center, Shiga University of Medical Science

Abstract
Ulcerative colitis (UC) is an idiopathic and chronic inflammatory disorder of the colonic mucosa. Damage to epithelial barrier
function due to ulceration and colitis leads to increased permeability of the intestine. This barrier loss causes increased uptake of
luminal antigens such as endotoxin (ET). We evaluated ET levels detected by Endotoxin activity assay (EAA) in patients with
UC. We measured EAA 8 cases (refractory UC 6 and cancer/dysplasia UC 2) of UC required surgical treatments. Various
clinicopathological parameters were reviwed. The severity of UC was evaluated by Seo’s index. Pre-operative EAA was 0.14 in
patients with cancer/dysplasia UC and 0.4 in patients with refractory UC. EAA levels increased according to severity of UC,
mild 0.095, moderate 0.39, severe 0.42 without statistical significance. There was a significantly positive relationship between
EAA and Seo’s index (Spearman’s rank correlation coefficient 0.8333, p=0.0102). EAA appeared to be useful biomarker to
evaluate patients’severity with UC. Large scale study need to clarify the significance of EAA in patients with UC.
Endotoxin and Innate Immunity 21 : 26~29, 2018
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x1 BEER

uC
¥/ dysplasia R
BAEE 2 6
PR (B %) 2:0 3:3
il (%) 46.5 (36~57) 40.5 (23~52)
HE (cm) 169 (164.3~175.2) 160 (154~170)
hE (kg) 54.5 (51.3~57.7) 45.5 (39~59.9)

BMI (kg/m®)

18.9 (18.8~19.0)

16.6 (15.8~23.5)

MBANEZ B Vi (g/dL)

13.4 (11.9~15.1)

10.4 (8.6~12.3)

MRTT7 N7 3 il (g/dL)

3.65 (3.2~4.1)

3.0 (1.9~3.7)

PNI 41.4 (39.6~43.3) | 34.3 (26.0~45.5)
Seo’s index 138.6(122.4~154.7) | 223.2 (123.1~259)

ARULAE (mm/h) 7.1 (4.2~10) 15.6 (9~77.5)

A 7L K= v $51 (mg/day) 5 (0~10) 25 (10~30)

A 7uaA N 1/2 6/6
SRR 1/2 2/6
PREZAIE S 1/2 6/6
i IES 0/2 3/6

TR (min) 515 (467~564) 495 (375~601)
Wil (mL) 195.5 (134~257) 125 (84~755)
JE e T At 2/2 6/6

MR HE (H) 29 (25~33) 19 (12~134)
it A OiE 1/2 2/6

BMI : Body mass index, PNI : prognostic nutritional index
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0.6 -1 0.6+
0.5 0.5
< 0.4 < 0.4 ’:‘:‘
] O
0.3 L]
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0.2
=] 0.1 H
0.1 .
— e g ' s
&/ Dysplasia ' At

3 UC OFfi#Eit & EAA
Wilcoxon € : #&/dysplasia vs. #EE M p=
0.1824

4 UCDEFEEE EAA
Kruskal-Wallis #% : p=0.1512

150<h&54E, 220<ThE & L CAMI L 72,

BEETRRE T, #H%E UC BE O F 2 BML i
BMANEZ TV Ul 7V 7 3 VM, Prognostic nu-
tritional index (PNI) 2MEAHDMHIIZH Y, Seo’s index

EEMEOMEIANIH 5720 AT B A FREEIEHLE, 5

FREWEOMERBE S Hh o7z (K 1o

TAior EAA fE (fh9efl) 1%, %%/Dysplasia SEBIT

0.14, HEWRBIT 0.4 L EEBBITRWEINCH 72 (43)0

F 72, UC OMTHIOEAEE TH 5 Seo's index THHHT
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5 LAfTET EAA EIEESE 0.095, HEEIE 0.39, HAE 0.42
ERESSELL L TR S R IS 572 (K 4). il
EAA fti& Seo'sindex (3% 1IEDHMEI (Spearman @
NEAL AR B4R %L 0.8333, p=0.0102) %FED72,

3. UC &£ EAA

BAE, EAA X, EINTIIHIZERIEE LR
ThHb, TNFTICUCHATO EAA GO #ME X
ENTwiv, EAA HIKIE, ET 2#HET 5 720I12H
AN, BBEOHPIRGEEZFH L THET S 2
ERFEME LTS,

UC OIREEICIE, WP EROE LS G- LT b
EEINTEY, JERERIEAS #E R FIERBR 2584 UC
DWEHEDO—D L LTHEZEN TS, EAA2SUC D
BEORELZ WS 52 L RAEHICHBGEINL, 40
DG TIIEBI A 72 <, BEHAM 2 B % Bl
5L LI TELRD 7%, RN UC Tl EAA 2%
flizR L, BEOEREICE U TEAA © LM
Hotze HGHIEBEZFHARENRLZLIZEY, UCHSF
EF RGN R OB & 2 W R E 2 S5 D,

BbhVIC

EAA & UC OB#EDWREMEIZOWTHE L7z 4
%, ZRUEBI COMGS 2AT) S EDPRETH DL EE R Bo

E
AWFFED —R 1L JSPS BHiff 2 JP6K10536 DBk % 52\ ) 72
HDTT,

X ik
1) ARG, NIEEL AR, Al BRI R TFANE
BITHESPETHOI Y FMF Y VEBOKE. "=~
R M- AARIENIZE 207 B4, R, &
2R, 2017, pp22-24
2) WHZEFR, AN, ZHEEE, i ICU BT 5 Hiir &
% ® EAA (endotoxin activity assay) fH. “T> F b ¥
Tvo FARIGEITSE 18”7 Ry, oM, MimEm. B
FRFEMR, 2015, pp47-54
) MBI, VHEHEES, FRESERA, A o IR Br2eH
DR ER PN T ICHET )G, H7T 7Ly AR
7535 : 98-100, 2016
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Regulation of nitric oxide production in Mycobacterium tuberculosis-infected macrophages
Kazunori Matsumura”, Teruo Kirikae'?

YDepartment of Infectious Diseases, Research Institute, National Center for Global Health and Medicine
“Department of Microbiology, Juntendo University School of Medicine

Abstract
Peroxiredoxin 1 (PRDX1) is an antioxidant that detoxifies hydrogen peroxide and peroxynitrite. Compared with wild-type
(WT) mice, Prdx1-deficient (PrdxI ’~) mice showed increased susceptibility to Mycobacterium tuberculosis (Mth). Infection
with Mtb led to significantly shorter mean postinfection (p.i.) survivalin PrdxI '~ (80.8+10.0 days) thanin WT mice (143.4
+17.5 days). The numbers of viable Mtb in the lungs at 9 weeks p.i. were 10-fold higher in Prdxl~’~ than in WT lungs.
Histological examinations showed auramine-rhodamine-stained Mtb was present predominantly in the alveolar sacs of
Prdx]l”’" lungs, but few lesions were observed in WT lungs. IFN-y-activated Prdxl '~ bone marrow-derived macrophages
(BMDMs) did not kill Mtb effectively. Nitric oxide (NO) production levels were lower, and arginase activity and arginase 1
(Argl) expression levels were higher in IFN-y-activated Prdxl '~ than WT BMDMs after Mtb infection. An arginase inhibitor,
N“-hydroxy-nor-arginine, restored antimicrobial activity and NO production in IFN-7-activated Prdxl '~ BMDMs after Mth
infection. At 9 wk p.i, Argl mRNA levels were significantly higher in the lungs of Prdxl '~ than WT mice. These results
suggest that PRDX1 contributes to host defenses against Mtb. PRDX1 positively regulates NO production by suppressing Argl
expression in macrophages infected with Mtb.
Endotoxin and Innate Immunity 21 : 30~34, 2018
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1 PrdxI V7 ADHEKBSM

A R &S Prdel™ o ADAFERIEE C57BL/6 Y7 A (@) B LU Prdvl”™~
7 2 (O) % 10 I, #EA%H Erdman % 2x 10°8, REFIR & 0 &g S 4588
SR G L7z P H A RHPITR Lz, P<0.05,

B MR Prdel” <~ AOMih AR EIER C57BL/6~v 2 () BX O
Prdel”" < A2 () & 6LIC A LBEOSLM TR Z Bt S8/, &1 -
39 BMBIHE 2R L, Bifi %, ARV /2. 3~4 I, an=—%
FHINL, AEWEEREE L. *  P<0.05

C : W& Prdxl”™ <7 ZADOMW R getif K~ 212 A & RBRO &0 TRiK
Wa RS, B OBEBICHZHM L, S~y YEERTN % 2 B o/
L, 1BZH&ERBL, ) 1KEF—F3I v - u—F3I vz, £

Uh ekt L, BREEHL7

PMEIRRT 5 2 & C, CD4ME T Mg 1 BIA )L —
T (Type1 helper T : Thl) #fZs b <¥ %Y, Thl
WA AT B4 > % —7 =1 (Interferon : IFN) -7
&, w7 a7 7 —VERERLL, PR B X5,
b~ 0 77 -3, NADPHA* V¥ —¥Hk
U NO 4% NO synthase (NOS) 212X 0, JGPEmE
FRWMERRZEAT LY WHEREICIE, A——F
FUN, EELKE, —EHHEME v X s Ih0
LEVNEENL, —F, EHEFITE NOBLUZD
REMTHERVEXFTFA VT e EEhs,
WERFEE, v~y a7y — Yk EALMKDELT B
FELRBREST L LTMSNTY A%, NADPH £ %
¥ F — UGG TR KB L2~ A0, BAER Wild-
type (WT) <=7 2 & LT, #BEZMICEZED
BWHEDH BT L, 7, WBHEDS, GRS A
2TV ELZEE LTV 225, HHmE
DYFEE~NDOEGIAHTH 5, —F, NOS2 #fnT

227 b (Nos2/'7) =@ Ak, WT = R & [Lig
LT, AFEHE»ELLBDT 2 % SRS
", Nos2/"=rm77—3%, WI=ru7zy—3%
EHBLT, BERAREK T IRESATEYY, #it
WEANOFEGRHLNE R > TWA,

2. EMEFRONB EERBRZIENOZE

NOS2 #fn T ERZF TR L, WHEEZOMNHE
b, PRI ERZ 5252 L5 TWAS, NOS2
&, TVEF=U%2NO &Y MV VRS BDS, TV
¥4 —¥ Arginase (ARG) bR UTVF= 2K L
LT, REEFNZF VICHRT B, TVFF—FIT
&, FICHIREICRAET A ARGLEI Fary FY TS
JRfE$ % ARG2 O —Fi¥id 5. 2D H ARG I3,
Wit~ 077 =YD NO EAZKTIELZ &
MESNRTWDY, F72, 27077 — VRIS
ARGl Z KR L7z~ AR g s¢5 L, WT
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A B C
401 m 15 7 ®mC57BL/6
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H#%, MIBRSE 2 B IR VW72, 3~4 M, oo —HBZ2HEL, &AW

Bk L7,

B SIS Prdx] =207 7 — IO NO #EE K2 (A) OMBHEEY 4 HED
B EEZEILL, &EN b NOEEZ Griess I THIE L7,

C WMBIRYe Prdx] "™~ 2707 7 =Y DT VEF—EiME 2 (A) O B# &Y
4 HE OB 2 W T T VEF —BiGt 2 lE L7z,

D : MEBWIEY: Prde]l <207 7 —VOBETHEB X2 (A) OREBRIEY 4 H%
DML 54 RNA Z XL, Nos2 & Argl 122\ T, 8 PCR 9L 72,
W3 > Fa— & LTGAPDH 2 v, MMMFEHEELZR Lz, (A~D) * :

P<0.05

<~ ALRKELT, b~ 07 7 =YD NO A
AL, MioARBUET LAY,

3. PRDX1 O#FERBERE~Y-/7O7 77— NO
FEEANDEE

RNVEF T L P+ (Peroxiredoxin : PRDX) 3,
FAV IR U E2BFHGALE LTHAL, @bk
FOHEEATHOVBILBERETHD, N7 TV THhoH
W, WWICELFEALEOEYTHBEESATHS Y v
NIETHBY, K& X3 25kDa T, MBATIZ &
2T 505, “RAROR ITHIIBILEESE & L CHAE
L, TEBEKOEZGTry_ur e LTHiET 2 L #
AHENTWAEY,

PRDX1 &, EICHIBEICKIET 5 PRDX T, 3&A
EOMBETRAVRD 5, IEEBREOMNHIEEZ
B2BWHETHLHY NJanyy—-¥ailk sk
LIRSS, #k= bV o =FER G2 & 5 BekEE, 714

<A Y UG X BMigAER L1 LT, PRDX1 O
FRALFERE LS X 2 BN 2 /RIB T 2 A AT S h T
l/\%’12)0

PUBLEEFE R Y v T v & LTOREZZ T TlE R W,
HLLREDFHOZEMONT WS, Thbb, F
VBN X Ao B RIER IS5 PR, 1
MAEREELZ R T L) 2MEFoOgE, 2 70—
¥ MM B 872 PRDX1 2SIEX B35 2
TR EEEASEL LY, S50, M
PRDXI1 #° Toll-like receptor (TLR) 4 &#E& L, &IE
RIEICHMT A2 L dHE SR TWEY,

bibhi, PRDX1 %%, ARGl #HZ#HI$+5 2 &
TNO EAZIEICHEL, PEEICEIL TSI L
FRMLZY, bhubhidk#, PRDX1 2Pl by
THbHI ENS, M5 PRDXI #%) 2 kicko
T, WG X DGR R AR L, Pk
AT 5 L2 BEL TV, &A% PRDX1
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A
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EWOFH C57BL/6 (M) BL O Prdxl”” () =7 A0FHlk~ s 07 7 —
T2, K2 (A) & RO TR Z R &, [AKIC ARG HESEZRINL,
Y4 H%, X2 (B) LMD S EETHEE LB MICEETNS NO BREZME L 72,

CREBEREYE Prdx]l =70 7 7 — Y OB EBR RIS T 5 ARG HEI O HE

#Zxra77—12, [M2 (A) EFEBEOSMETHEEREZ RS ¢, K ARG
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DRALREYE Prdx]” = 7 AOMITBIZTFRBOMRE K7 ALK (A) &Rk
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v, MEEMEEZR L7z, (A~C) * : P<0.05,

v 27 b (Prdel ™) =7 AVHEGHE & R S 272
EZAH, WT v A LWL T, #BEPTEMET L
(W 1)e 22T Prdxl " =9 AHh 558k~ 270
7 7 — ¥ Bone marrow-derived macrophage (BMDM)
AL, IFN-y TIHMAL L, W2 Rl e e 2
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WL, HERFEELZNESTTVDEZ EAURB SN,
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BHEWH L TWDDE5 9 b EHBENEH 2
IFN-7 AL Prdxl ™'~ BMDM DRFEHZIRM L T,

AR 2 e 2T, NO EARERYREMIEICIE, &
CITEALHA ST, PRDX1 OFiEILEEH ke L DY
IR o772, Ldso T, HLEEE DSt
PRDX1 O#ERENS- LT bbb, 77,

IL-4 R LF /4 Y, ARGl ZZHFHE S 575
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b, IL4RLF /A4 VBIZEsTHRBAFEINS
ARGl DA D BIZTRBIEA SN h o 72" 2072
B, IL-4 RV F /A VEESEHE? D B KN
boLBbhb, &512, Prdel’ BMDM % ZhZ
NWIFN-y TG $ %, HHWVIE, WBHZEREsE
57213 Ti3 ARGl 3FE s hzw?, X 5T, BMDM
% IFN-7 THPHE L, 7222, MMz s ek X
DI:, RAMOEFIZL ) ARGLIEHSFE SN L &
2% ), PRDX1 X RMOBEAEIC X D ARG HIEHEL
FHET 22605, 26 ARMD ARG J854
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A unique species-specific structure of lipoteichoic acid common to Lactobacillus gasseri

Tsukasa Shiraishi”, Ryosuke Kutomi’, Yamaha Sato”, Naoki Morita”, Satoru Fukiya?, Toyotaka Sato”,
Atsushi Yokota”, Shin-ichi Yokota"

YDepartment of Microbiology, Sapporo Medical University School of Medicine
?Laboratory of Microbial Physiology, Research Faculty of Agriculture, Hokkaido University
“Bioproduction Research Institute, National Institute of Advanced Industrial Science and Technology (AIST)

Abstract

The lipoteichoic acid (LTA) is a specific polymer on Gram-positive bacterial cell surfaces, and is not found in Gram-negative
bacterial cells. LTA is an amphipathic anionic polymer typically comprised of poly-glycerophosphate (GroP) linked to
glycolipid of cell membrane. In general, hydroxyl groups of GroP residues in polymer region are often substituted by p-alanine
and/or carbohydrates. Glycolipid anchor typically comprises diglycosylglycerolipid containing two acyl groups. On the other
hand, structural variation on species- or strain-level has been observed in degree of polymerization, substitution ratio of the
GroP repeating unit, and numbers of carbohydrate and acyl groups in glycolipid moiety. However, structural information has
not sufficiently accumulated to discuss unity and diversity of LTA structures.

We determined chemical structure of LTA derived from seven strains of Lactobacillus gasseri, an intestinal lactic acid
bacterium. All strains shared common structure. Polymer chain comprised poly-GroP with partial substitution with p-alanine.
Glycolipid anchor contained novel tetrasaccharide structure and two or three acyl groups. The three acyl group-containing
glycolipid anchor is characteristic LT A structure in lactic acid bacteria, including Lactobacillus genus, Lactococcus genus and
Leuconostoc genus. The tetrasaccharide structure has not been reported in other Gram-positive bacterial LT A. In conclusion,
the tetrasaccharide-containing glycolipid anchor is unique and species-specific LT A structure in L. gasseri.

Endotoxin and Innate Immunity 21 : 35~37, 2018

Key words : Lactobacillus gasseri, ') X7 4 2 WE, FLHEW, HEIRE, MEL RN

Wi, WHB L UWHL NV CERIEOH 2 2 LR
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A —#%7% LTA, B: L.gasseriJCM1131"® LTA, R : KM p-7
T = URRIL, ANF VU —2IELR E (L. gasseri TWRXKEEIE -7 5=~

BHEDOR)

RS REN TR, ShET11% 53 # 91 #kiC
BWTLTA OREH#EIRE SN TV, Z0)
HR8O%ITHEEE HT AMETH Y, ABHO LD
A HME O LTA OfEEHRIZZ v, £2ThH
nbnix, v MENOBEREIAME TH 5 Lactobacillus
gasseri ® JCM 11317 @ LTA #& 2 A LT, KEMHK
WABDOMEICIZA SN TR WHHOMEE LT 44
DHIES T VA — RS 2 i L2 (M 1B).
AfaTld, CoOAMEDOT v h —BERYED L. gasseri 123
B0V 5,

1. L. gasseri \Z&7% LTA OFR~<—&f
SLDBE

7D L. gasseri & T LTA OREERNT 24T 5 720
TR, ENENBERAR L S 38 [JCM 11317 (e
M), JCM 1130 (& b 3EfE), JCM 5814 (=7 ) 3%
fi)] & e MEHSRERR BV 4 Bk (VLGL, VLG2,
VLG3, VLG4) %M L7z RV <=M’ H-NMR
SN & o TR L 720 §XRTOWKRIZB W T GroP
EHEDBE LM E LR —2FMELT, Uk
T — VERIED 2 ML D IRIERIEIZ R p-T 5 = U Nl
B L 72 ATRR 0 SNz, R~ =R IIRKRE TK
EREBVIIAONENS7205, D-T 7 = Y EWRFIIR
FRT &R, K T55%, I/NC17% 72572 (K 1),
LTA BT S -7 7 = VEREOHFAIL, BEANORE
RIS EE 2 LEEETHH L OMELH VY, B
TOFENII L o TH—WHEN T b % O Wk il

#F 1 L.gasseri ¥&7%D GroP K1) ~v—£B
D -7 BHRELR)Y—#HE

Ratio of p-alanine Average number

Strains substitution (%)  of repeating unit
JCM 11317 55 22 to 33
JCM 1130 55 11 to 17
JCM 5814 53 10t d5
VLGl 17 10 to 15
VLG2 45 14 to 21
VLG3 40 15 to 22
VLG4 24 11 to 16

WREDBS AR LWBEDEZEZONL, =/ TIOD
BRI, EHLEMICE VBT 22 ERY, 7Y ko —
W& D-T T =Y DI AT IVEEEDALE THIR% %
IV Ehn, LTA OFREIZ L 2 ZEOWREN D R
ETE RV, BIEOZIZOWTIESHEL ) EELK
WPLETH B, $72, BPRIEL LT, MORETIX
D-7 = vOMIZTIVa—AR N-TF N7 vat3
YR EWHMSENTWAMD L. gasseri Tl p-7 7 =~ IZ
L B EHDADTERR E NIz,

2. L. gasseri \"HT3LTADT7 > Hh—¥E
R ERHI DIEE

T v —HENR AL OREE X, 98% (v/v) WEERALPL
(100C, 3h) I2& o T GroP KV~ — % @RI/ L
T, TOABIEBETEYEM 5% 7 > 7 —HEIR B AR an



Lactobacillus gasseri \2 3483 2 R 72 ) R T 4 2 O(LFHERE 37

LT MALDI-TOF MS IZX o> TT L7z &5, 7
U —ERERER T 20% (w/v) T RS T (%
i, 12h) (X o THT ML T, ZFoREE %
7 v h =R L LT MALDI-TOF MS (2 X o TH#pr
L7z ZORSE, AMREEL, 35kIkE 2507 v
FEEIRADST R CTORWMKIILE U TR S . 4 bk
WEIIMBEAL O LTA ICEHED % <, L. gasseri |ZHF5
BT, CoMickmL-fELExoN5, 3REDT
JOVILEWIX, Lactobacillus J&, Lactococcus J&, Leu-
conostoc J& &\ o 7B 2 ARE ICOARD LN D
HHOMETH 52, B L~V THEZ 2 M1 < 3
T A DSMIN N 2 LR AT 5 2 LT BB W,

BbhUIZ

AFTIE, L. gasseri (233 2RI 22 ) K7 A
IO E R M Lo LTA W, WS X ORIk
LRV THEBSHRER DL EEZONTVWAED, Ih
FoHE SN REERET AL, W—HENT
BHARD LTA OESH S M %> T %
W, AElbILbIE, THRD L. gasseri & VTR
M 2R %2 B & 22 L7225, FBOHRET LTA O
ML S W/ WL, Bacillus subtilis (10 %) & Lis-
teria monocytogenes (6 ¥k) DA TH 5. B.subtilis |25
WU, 1REDT VIVIEERZ A 57 ¥ 0 —HIRE
HLE O LTA AL TR bhTwa™, 7z,
L.monocytogenes Tl, 6% 5¥TT ¥ 4 —HENRE LR
WA 2REDT Y NVHEZE B ORAT 7 FV VBOBEH
RO LN, 15170 LTACE 4Rk T vkt h
T HMEEDE SN TVEY, TS IRIEF IR
THIFEN MG L Z 2 6N b, — ) THREFRETIE,
[l —FEN OB R TOMEERIEFEZE 25Tl
B TSN HBEEEP Vb o0, HFENL
LTA O¥i3&EHS Clostridioides (Clostridium) difficile,
Emnterococcus faecalis, Streptococcus pneumoniae,
Streptococcus sanguinis 7z £ THHHE STV B>,

L. gasseri \X, BHNROEN, ERELO5H S,
b EPDDYPRERCAIRETH 5. KRMIZEWT

Lactobacillus J& % & LMo FLEE W & 13 B 7 2 W 4T 5%
MBSl IsN2 s, LTA #4 L72HE &
HELOMEMEMIIBWT, Zob¥EfMEzms oL
NEETHLEEZONDL, LTA ORISR % 1
LM BH720121F, HEEMOSI 65 EMEE, 151
EOMEANEHOFHMEFMOMESLETHY, 5%
DI ORISR L 72w,
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Regulation of Toll-like receptor signal transduction by Rho guanine nucleotide exchange factors
Ryo Hayami", Tsuyoshi Sugiyama'?

YLaboratory of Microbiology and Immunology, Gifu Pharmaceutical University
“Department of Medical Technology, Gifu University of Medical Science

Abstract
Toll-like receptors (TLRs) trigger innate immune responses by recognizing microbe-associated molecular patterns such as
lipopolysaccharides and nucleic acids. However, overactivation or dysregulation of TLR system may lead to exaggerated
inflammation and host tissue injury. TLR signaling can be controlled by other intracellular signaling, including Rho GTPases and
RhoGEFs signaling. Knowledge of the molecular mechanisms underlying cross-talk of TLR and other signaling pathways can,
therefore, be used for tailored therapeutic approaches to regulate local and temporal host immunity. In this review, we will focus
on RhoGEFs which affect TLR signal transduction, and further we will discuss about the mechanisms of the cross-talk between
TLRs and RhoGEFs. Future interests in this research field include establishing mechanistic understanding of TLRs and
RhoGEFs cross-talk. This may furthermore open up novel therapeutic options for inflammatory or autoimmune diseases.
Endotoxin and Innate Immunity 21 : 38~41, 2018
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Toll B 754K (TLR) 13V REHEE (LPS) M,
MW OMERR Y > 87 B2 & & o A Y B 55
TRy — U BT L TRIBISEZFYET D,
E, TLR ¥ 7 F V2R L LB REOBIZE D3 S
ZETHEATEY, FLTLR Y7 FMICIEEEEE
BN Y ZF VR ED 7B A Y= B3HDH N
HohteoTETWSEY,

TLR ¥ 7 FniE, MiRBANT &7 % —45FOFAIZ
X - T MyD88 #AF i & TRIF MRAF YRR 551
5N 5. TLR3 DAt TLR ICIEMBLAN K 2 £ >~
MyD88 23 & L, I ORIKIC X - TEICHESG KT NF-
kB 23 EIL 3 5. — %, TLR3 B X " TLR4 121
TRIF &AL, TO®RKIZE > TNF-xB & &1
IRF-3 2515 MAL T 50 NF-£B OiFMHALIZ SIEMES A b

A RTENA VOFEBZFHFEL, IRF-3134 > ¥ —
7 xS R RO R T 5,

Rho 7 7 3 ) — k5T G ¥ ~ 7327 & (Rho GTPase)
7 7 F kGl A A U CRIfR o BB, ARk, B
WS 557 CTH Y, & TidRhoA, Racl, Cdc42
7% & 20 FiASHRE S Tw5Y, Rho GTPase & A itk
BICTH 5 GDP MR LG TH S GTP #ERE L DIR
2L, RhoZ 7= 7 LI+ F F#HHT (Rho
guanine nucleotide exchange factors : RhoGEFs) #%1&
PHERINDOLEH %, Rho GTPase iiitEft ¥ 73274 (Rho
GTPase activating proteins : RhoGAPs) 234N iE PRI~
DORIGZEWEALT 22 125D 2 o0 REXHIE I
w3 (K1),

RhoGEF M &M 325 Dbl 7 7 3 V) — & Dock
773V —D2o07 7 I —IXHHEN, & M
RiBA 708, #%EF DL E SR TR, Zhb
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1 Rho GTPase D3EMEHIHE

® RhoGEF 3z Mfafi CHRMEIE LY, /26
5 oy B2k (GPCR) % Integrin®, VEGF
ZHAKY, Eph B L EDLDY 7 F VI E 5T
HALIRBEZALT 5 2 P ME SN TS, Lizdio
T, »DHIFED RhoGEF Otk HIM$ 2 Z &1k, £
@ RhoGEF D T D ¥ 7 F )V % e e il iR 5 1y 12
T2 EI120%WbEEZLND,

RhoGEF @ TLR ¥ 7 F MV ADEEIZOWTIE
ONDOREDH B A, 0 Fi% B2 5 RhoGEF @) Bb
FTOEMEICH XS, TORBOERH X7 =X L OMHH
bWELETHEITVZ RV,

1. TLR ¥ 7 FIVICEE %5 Z % RhoGEF

Vavl IZMECRMMIC B 2 B ABEET & LTH
REN, Z0# Racl 7% £® Rho GTPase % itk L4 %
C EAH S 227 572 RhoGEF Th 57, Vavl &
TLR9 V) %~ FCT& % CpG DNA M X - T Y
fbksh, 2oV yBbx#i$ % & CpG DNA Hl#iz
X BHBS BRI S b L HE S hTwaY,

AKAP13 (ARHGEF13) 3 A ¥F—¥7vHh—% >
NRIET7I)=CEBTAEY Y V2 ETHY,
RhoA #1113 % RhoGEF T& 5%, AKAPI3 3%
FEML B X O ERzMIIC 83 L, TLR2 ¥ 7 F Vi
WESLEHMEINTWAEY, %72, AKAPI3 D/ v 7
Fv7 2 & 5T TLR2 #l#12 & 5 NF-£B i AL 280
flsh, &5 AKAP13 @ GEF iith F A 4 ¥ ~D%E
FEANZ L > T NF-.BIHEMALPMR T T2 L0056, T
i ® Rho GTPase DIGHAL DG ARIE S L5,

GEF-H1 (ARHGEF2, KIAA0651) i% RhoA % Racl
ZiTEAL$ % RhoGEF T, MUMFISHEA L CifitkdsH

fisns®, GEF-HI & LPS #3412 X - THEH A
L, RhoA ®ifMAL % 4L C LPS #l#i2 £ % NF-«kB @
WAL B X OV IL-8 Ok 2 35k 4 57

PLEDXH1Z, TLR VA ¥ PRI & 2542
W3 BV D0 D RhoGEF OBEN#HE SR TV
75, RhoGEF 234t 9 % Rho GTPase 13 &8 F &F T
%, RhoGEF 2SIE#9IC TLR ¥ 7 F VorF & M A%
JH$ % D%, RhoGTPase R & HIZF D FHDITTHE
BEF200%E, FOXAHZZXLIIOWTIIAHZ N
»Ev, FZThhvbiig, TLR OMBANT ¥ 7% —
55T H MyD88 % 7212 TRIF & RhoGEF # %8l 7
FAIFICEo THIlENCTHEIZHASE, TLR 7 F
W45 RhoGEF DA 7 ) —= v ¥ #fTolze #
DFER, W< D@ RhoGEF 725 TLR ¥ 7 F )V % B4k
TH5HIEEZRBLTWADT, UTICHANT S,

2. KIAA0915 (& % TRIF &k#FRI> TF L
R IER

KTAA0915 (3 A Fed Ko ML 45~ 5l il L 2 FE B 205
51, RhoA ZiHMALT %5 RhoGEF Th %, bivbih
(& KIAA0915 7% TRIF K47 IFN-B 70 € — % — D
Lz a2 L2 RINL, TDOA A= LD~
WA LML TS (M2),

KIAAQ0915 % TRIF & & 1258l S &5 & KIAA0915
DFEBRMALIIZ IFN-B 7 1 € — & — OIHTEALAH i#
ENMbo 72, TRIF ZMIBANT &7 % — 50112
TLR3 B L ' TLR4 ZMIBICEBL S E, ThZLhoY
Y FTRIB L 2B &5 IFN-f 70 E— ¥ —
DIEPEAL D FERIZ, KIAA0915 O FE Bl AR 1 128 ik
ENBZTENH, MLANTO KIAAQ9LS OFEHE % 72
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2 KIAA0915 (C& % TRIF &R J F VRS

I PELIRREIC X - T TLR3 3 X OF TLR4 #3412 & 5
TRIF AR O HEAL DS B % 20 5 2 L AURE
I,

TRIF KAF W CTIE FROFF+—+, TBK1 BL
IKKi O HEA L% A L T BN F IRF-3 25 ~ E#AL3
B EIZX 5 TIFN-B 7UE— ¥ —DEEENBBE S
%75, TBK1 % 7213 IKKi 2 M2 583 S & 72 BCiFE
ENb IFN-B 7uE— % — ot ks, TRIF #3588
K72 HA L AR KIAA0915 D38 BLRARAE G
b s b, LaL, L IRF-3 TY YL S
NHEY Y BIPALFTZ VD5 00KEE T A5
F UMW (D) @M L 72 iG MR 2 Rk, 5D-IRF-3 D%
BIZkoTHBEENS IFN-B 70 E— ¥ —DiFEALIX
KIAA0915 ORBUIHBE I N2, €512, TLR3 7=
& TLR4 ##412 X % IRF-3 ® V) Y #E1kid, KIAA0915
HIBEE DL ERBBRAEMICH BRI N D, DO
s, KIAA0915 X TLR3 %721 TLR4 ¥ 7 F Vi
X% IRF-3®) VB b &N % 2 L2 &k - TIFN-8
THE—Y —OEWALEZHERT 5 LRI NS,
F 72, ZomEM LI KIAA09IS 12 & %5 RhoA
DEMALE T 5 EDRBEINT VD,

3. PLEKHG 7 7 2 J — RhoGEF IC & %
TLR > 7 FIViER4ER

PLEKHG (pleckstrin homology and RhoGEF domain
containingG) 7 7 3V — RhoGEF ® 9 &, bhvbiix
FLJ00018 (ARHGEF42, PLEKHG2) B X UF KIAA0599
(ARHGEF43, PLEKHG3) ® TLR ¥ 7 Vi§uafEH %
AL Tw5,

FLJ00018 X MyD88 {471 % NF-xB Ok 2 1§
53 %25, TRIF A 7% IFN-B 70 E— ¥ — Otk

~

LIEHBR L 20 ve & O MyD88 KA ¥ 7 F Vi fE
1Z1Z FLJ00018 @ Rho GTPase % iGt b3 % F 4 1
O DLEET, Racl OB AVRIEINT WA,
KIAA0599 & TRIF K7 7% IFN-B8 70 E— % — D
HPALZ RS %, Z OWRIER I KIAA09LS & i35
%1, 5D-IRF-3 % Mg 25 S &7 B oI AL b HE5h
T 5 72, ZOMERIERICZIE KIAA0599 12 X % Rho
GTPase iEHALIZB G- L a2 EAURIBENTW S,
ZNh 5o PLEKHG 7 7 3 — RhoGEF 12X % TLR
37 FOVEEREN I3 Mo RhoGEF & 138 % 5 b DL #
Ao, ShiFMERE 21T TETH S,

4. KIAA0362 (&3 TLR > 7 FIUEE{E
A

KIAA0362 (ARHGEF14, Dbs) & TRIF &5/ 7%
I[FN-B 70 E— 4% —OEHALZB® L, TRIFIZX 5
IRF-3 #AF 1) 7 70 & — & —DIEMAL 22T T3 % <,
TRIF &AE 1 72 NF-kB KA 7 0 £ — % — O EIL D
BT 5, 72, KIAA0599 & [#EIZ, 5D-IRF-3 %l
B F B S 720 AL S W5k %, S 512, IRF-3
K% 70— — O LRI T D Rho
GTPase T&» % Racl DIEHALLETH 525, NF-£B
AW 7 1 € — & — O L3R 1213 Racl O HEAL
FHE LawEw) kP oNTEY, KIAA0362
\2X % TLR ¥ 7 F VNG & SICHM R X 5 2
EDRIBEEND,

BhUIZ

TLR ¥ ZF VT H DRI TH V), IHEARDR AL
L CHREER 2 AL U CRE GBI < 25, @)
I T R RE R B H SRR B 25| &k 2
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IS DEBIEBEDT2DIZ TLR ¥ 7 F V4

W% % P9 IS B IR & AT 5o il Re R0 Ml e i 4
BICHERET Aoy 7 F Ve o s a x s —2713,
TLR ¥ 7 F V% @UNZHIBTE B Retk 2 Mo 5, 4

%

& 52 M7 RhoGEF IZDOWTHGESL, TLR ¥ 7

FNVEDIZOUA =T BIIEDRA I Z XL TS M
c:LVCb\ggf:l/‘o
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The study on structure-activity relationship of pyrimidoindoles TLR4 ligands

Shin-ya Oyama', Masahiro Wakao", Alast Ahmadiiveli®, Yuhei Kakitsubata", Toru Yamaguchi’, Hiroyuki Shinchi”,
Michael Chan?, Nikunj M. Shukla®, Tomoko Hayashi®, Howard B. Cottam”, Dennis A. Carson?, Yasuo Suda”

YDepartment of Chemistry, Kagoshima University
“Moores Cancer Center, University of California

Abstract
Toll-like receptors (TLRs) are a family of type I membrane proteins, classified to pattern recognition receptors (PRR).
TLRs are expressed in cell surface or endosomal compartment of immune cells. TLRs are activated by recognition of pathogen
specific components called pathogen-associated molecular patterns (PAMPs). Signal of TLRs induces the innate immune
response and adaptive immune response. Therefore, TLRs play important roles in host defense system against viral or bacterial
infection. In human, 10 kinds of TLR (TLR1 to TLR10) have been found. Each TLR recognizes different PAMP : lipoprotein for
TLR1/6 and TLR2/6 : nucleic acid components for TLR3, -7, -8, and-9 : lipopolysaccharide (LPS) for TLR4. TLRs are also
activated by the specific endogenous danger signal (called damage-associated molecular pattern, DAMPs) produced by
damaged tissue, which is thought to cause various chronic inflammatory diseases. On the other hand, low molecular weight TLR
ligands have been found from natural and synthetic compounds, those can be candidates for development of chemical probes
and drugs. In this review, focusing on TLR4, we describe recent progress in exploring TLR4 ligands with agonistic or
antagonistic activity and our recent study on the structure-activity relationship of pyrimido [5,4-b] indole derivatives.
Endotoxin and Innate Immunity 21 : 42~46, 2018
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TLRI1 #*5 TLRY9, TLR11 %*5 TLRI13 @ 12 fifH A58

RENTEY, ThFNr84e % PAMPs 24558912
Wi+ BHo $7bbH, TLR1/2, TLR2/6, 1) REHY

EUBHIC

Toll #:%Z %1k (Toll-like receptor : TLR) 13/3% — >

Rk L &7 % — (pattern recognition receptor : PRR)

B SNAEEER & » Xy BT, BRI Z o
LR oMEEB E /2Ty FY— A ICRTET
%o TLRs 37 A )V ARHMME, WL & 0% EARICRFE
I 72 43 F 7% % — ~ (pathogen-associated molecular
patterns : PAMPs) # #2325 2 & T, HARGIE L T
L LR RELFET LI 00, HREELY LIV A
% EDRBEIH T B EE ORI B W TEE R
#&HEHY, TLRIZ, b MIBwTid, hETlc
TLR1 25 TLR10 @ 10 fiHAS, ~ 7 A 2B W TIT,

$6, TLR3, TLR7, TLR8, TLRO \3#EEN 5, TLR4 ik
1) K% HE (lipopolysaccharide : LPS) 2SK&kD ) 4 ®
Th b, IiE, HOAMOIEE - BFIZ X > TEL %5
F/3% — >~ (damage-associated molecular patterns :
DAMPs) #° TLR OWAEMEY 7> F& LT, 748
DIEEE AT 5 RMEEW R EBALEW A TLR O
FIHT Y FELTHL Z LD MEEIN TS, DAMPs
i, VavxFL o3 SERREEECRERE
ST 5 2 EAVRESNTHE DY, 2o TR
HAFEHSINTWD, —F, FEOHELXHT HRK

Kl B BEREBRARABEETATZER T 890-0065 HEJE o L EE YR B ik ot 1-21-40
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R 1 TLR4 D> TFHIVGE

IR HE—Tca s

ILEWRERALE W EORGTF ) F v Rk, Rz
AT LTIHATELZ 00, BPAREYYE, HO
TIER R ST 2 EAH BB W TEH S Tw
5o ARTIX, TLRA VY H ¥ FICHEZH T, HLLOHF
ZRIZOWTHNT 5o

1. TLR4 &2 TFIVIRE
TLR41E, F& LTHEE, ~7u77y—3, B

Be 94

1 DIy

HO
)

OMe O

2 FHVMIE-IL

% EDORERMBOMBEERE LY Py — AIZHHL
TBY, 77HFy—¥ 27803 za4 F4{ER
F-2 (myeloid differentiation protein-2 : MD-2) & #&
%%thfwé LPS 1) ¥ F A #4525 MD-2 12
kI b e, TLR4A ®~7ua (LPS/MD-2/TLR4) —
i%ﬁ&%*ﬁb TLRA ® ¥ 7+ )V & EMALT 57
TLRA DY 7 F NI, TH¥T5— 9/A7§T%6TI
RAP-MyD88 # 4L C, Z721% TRAM-TRIF %4~
fRZsh, KIEU A A4 v FRRIRA V5 —T =
0y oEEEFET 5 (K1), TLR4 oML, %
JERISZ G &I —H T, BERRELHLETCELT
LD, WAREYIE R EOREBEITB VT
TLR4 OWEEZHMTEX L) 7Y FRRIPEEL -
TWh,

2. TLRAVAZF

2-1. RZABARXRD TLR4 VAR

LPS IZwmMICHEREINZTLRAV A Y FTH b,
LPS OFEWEHLAYVE R A THEIEDVHLNIZEN
TUKRY, Wit s ABEHERED ST T=A MEE, 7
YT A MEREAETHYE R ARSARHBEIRT
Wb, TIZAMEMET Y T2 MiFEMIE, UK
FARGOY VgL E ot E Eﬁéo)ﬁﬂﬁ"??’ v
o, HE, BWRICX TR, BRGSO
TLR4 ) #¥ K& LT, WE, £ ¥ FOEKBEST
w28, EEEA,S TLRE Y A FasE o
PoTWAEY M212Hl%ZRT, vavilgins Ry
Tz /)= MEEMTHLHD 7 Vv 3 UiE, MyDS88 ik

o
N
YT K
o

T s

3 NILIFUEE

HN
O 0=8=0 CI

O
T

6 2,3-(9,10-VE A7V 51 V-9,10- M INAD I VLI F B

7 I~U79 VR

2 TLR4UH > FO#EE
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carboxamide

(o]
R2 \)\\
N2 S

N
= H

NS 1265 : R4=H, Ry=H
N 12105 : R4=Me, R,=H
) 5 12236 : Ry=Me, R,=Br
R

N3-phenyl
3 EUIRAF—=ILRTLRAVH K

RHET L L TR BHAEENZRT. 72,
C—VEROKRYy TIZEGEINDE T TR A4 NMLEW
THHD XYV b 7E—VIIMEFENEHZRT I ET
MOENT VD, RIEDOZETIE, PLRIEIEH A TLR4
OF vy IT=AMEHIGRERT 52 Ehbho 2"
—7J, Liang 5%, BHEWHROMRICEE ICEENS
NVIFORBWTH BB 7SV I F D MD-2 12
*i4 LT TLR4 2B YEMIiEMEL S 2 0T, MO
FEICEGTAZE2MELTWAEY, 20X ), HE
¥% <O TLRAY BV FAFRENTEY, LAY
TERBE R R B L OREEDSH S 222k VD00 dh %,
VERUEEM 2 TLRA U 7 v ROBEZIZ, A RIKYLE
T BEERBEICBOWTEETH), AESATw
200 FIZAIENED) — FMeEwe LT 7
TLR4 DVEH Z AR B 72000517 a—7 & LT
s,

2-2. {tZEMEh/TLR4A VALK

PEIRER TLR4A U > FTIE, JE R A OfifEs
MBS DWW L 5T, X T 8F Uk mBg
BERIN TV L, EE, ALEWITA T -2 Hw
72 TLR4 VU ¥ FEERIMET SN TEHY, Beutler 5
X, VERNA & EoR% 857 TLR4 73 =
AFELTD A AL TF U2 RBLTWSY, RH¥E
i LR AHIC LD RIS/ TLRA Y 7~ FTH
%6 TAK-242 1%, BERREF & IERBREAS R D,
MD-2 |25 &2 3 TLR4 QMBI B X A4 Y IHEH T
2%, F R ORMEALFEOBEIE ISP, in silico TO
A7) ==y 7 ME SN Twb, Prymula 51
TLR4/MD-2 O X it i & AT 0 5 > % 7 Bkl %
HWlenN—=F VA2 ) —= 712k, 2,3-(9,10-
Jerarrybstr-910-V4 V) A7 43I F
BHELOMEW 6 BLU MY T I v EKE L OIL
EWTVERBLTVWS, ShHELEWMET T=Z
WEEALTBY, {LEW61E, b b TLR4 HEK Blue
M ZEH W WB T Vv h ) A2 7 7% —+¥ (SEAP)
T veA T, TESHEAPAVIFITVanNsNELT
FERFIH ENCTw b MPLA LML 727 2= & MEM
ZRT, CNOLOHMENT TLRA Y A~ FlzBWT

4 PFETICT

b, REIRHIRD V) 7> N EEE, DSARIEYYE R & DG
RIOPIER, TEHBHZHMT L2007 a—T L
LCOERAPMFEEN S,

3. EUIFA2F—ILRTLRA AR

bRbND TN —TTIE, N ANV—T v A7) —
ZYZIEy, ST TLRAY A FELTEY I B
4V F=VEzE2aT 5 1265 12105 % L Tw
29 (K3), chbHDYH ¥ FiE, CD-14 KA T
LG Z R > TW2D T, CD-14 JEKAERIC TLR4 12
T 2EZZ0NTWS, TN T TOMEIEMEAHY
MEICBNT, 12105 BHO AN EF T 7 I FEpfir &
N3 D7 = = VEOBKESERICEETH L L, F
7z, N5 DA F VDM BN DRI FHF G T 5 L E 2
bhTWwWb, £72, BTFEFY Y/ TIEIRLDY A
Y FASMD-2 OBKEER 7 » MZHEA& L, TLR4 &M
HAEH$ 5 2 ehvRmahiz (K4),

TLR4 OIFEMALIZIE MD-2 & OREEHREETH S 2
L, bhvbiiud, 7I3=2 MEtEom EZHIEL
12105 @ & & 7 B R i VAR B RAT % 47 > 72170 A3
T, Q2-FF 7+ b7 3 FEALO®ZE, @4 F—
VERAL D 8 LB HIIE DU, D 2 D DREE KL IZ DN
T, HEEROEB L OAEYEEEIC O W TS,

3-1. 2-F A7 b7 I FNOBERE & EWEMHET
i

BWL7Z2-FF T T I FHEKROMEZRS5 12
RYe 9, TLRATEMALICK§ 2 FF 7V F VD
BERMRD-0, MEFET2BET L IERETIE
B L7-3%81k8, 9, 1028 L. $/F 4T T
I NEOBMEOREZMANDL D, TILVFILVHEOR
HBHFHEARLL 12 28K L7,

WLz 2-FF TR b7 I FFkz <y 27210
t b TLR4 HEK Blue il % v 72 53Kl SEAP 7 »
A % 6 MNITx T A G REH BRI (mBMDC) % H
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I‘? o]
8: R=Me, X=-OCH,CONH- 11: R=H, X=-S(CH,),CONH-
9: R=Me, X=-NHCH,CONH- 12: R=H, X=-S(CH;);CONH- 13:R=Ph 21: R=C=C-CH,OH
10: R=Me, X=-NH(CH;),CONH- 14:R=Bi-Ph 22:R=C=C-Ph
- S IR i 15:R=a-naphtyl 23: R=C=C-2-methoxyphenyl
5 rFATELT I FBBROBE 16: R=B-naphtyl 24: R=C=C-4-methoxyphenyl
17:R=C=CH 25: R=C=C-3-thiophenyl
18: R=C=CTMS 26: R=C=C-2-pyridyl

WieAd v F—na A % -6 (IL-6) OFEAFERIC L D
fliL7z0 TOMEE, GRLAETNTOFEKIIBNT
TLR4 OIEMALAE LT 5 2 Db otz Ubds,
172105 O B 172 & I 7V FOVEEiE MD-2 & OB
KERr Yy PADKSICEETHLI L ER LT,

3-2. 8LFEBEDERK & LA

AR L7z STIEBAZ X 6 12T, b oiEfik
i, o7 aEHE $0 12236 = fWT, Ko vEEHE
& @ Suzuki-Miyaura 1 v 7V ¥ 27, 23K mET IV F
YH L ® Sonogashira 77 v 7Y Y ZIZX DB L 72,
IFNWEEZDLOTVF URITIZONWTIX, 7Y FfE
W & @ Huisgen IS % 17> T MY 7V — Vil ik
27, 28 ~\iFE L7z,

AR L7z § L iEHfkD TLR4 7 = A MEEIX, 6
& [AARIC TLR4 HEK Blue Mifig % 721 mBMDC % Jw»
72 IL-6 FEAFE BB % JR RS H L 720 Z OFEE, 81
WCBUKTEERRAE 2 A 2 EIRMA 13, 16, 19, 251280
TEMICT T=A MEESRET 2 Ebhro e
(£1, 2)o L2L, IV EBVBKEERELETS
EIRR 4 12OV THIIEEANE IR Lz —, 8 ALITHIK
PEREEZAET ABEIRMAICBVTIE, 7= MEE
A (EHK 23, 26) 721305 (E#LA 21, 24) &
LI ENbhole TNLDFRIY, §MADEELR
K& &% DHOBUKIEDE AIZ, TLR4/MD-2 HEKD

19: R=C=C-cyclopropyl 27: R=1-phenyl-1-H-1,2,3-triazole
20: R=C=C-cyclohexyl 28:R=1-cyclohexyl-1-H-1,2,3-triazole

6 &L 78 AERA

WA EMIC@ L EZ N, —F, L) EEVB
AYEERER, KE/BEHEREZAT L 2EREOE AL,
TLR4/MD-2 HEKRDIEEIAFNM S LEZ BN b,
UEoXHiz, babhid, €UVIFAL Y F—NV%
TLR4 VY FDE 6% 2 RE/LEZITVY, ThET
RSN TV 12105 £ ) dEWw7 IT= A MEMZE
HTHEYIFAL Y F=VRY A F13, 16, 19, 25
R L7z, 7= MEWEZ S OILEWITOWTIE
GHBT YV anNY MEEOFMARETH b, —H,
TLR4 OIEMEHRIBICBWTIE, 7 T=X FORED
WELIEND, Ty ToA MNOEHRDBETH b,

BhUIZ

TLR4 (X SEBUG, HIRGRIE, R RIEOFE M <,
AR, BYEMN 7% TLRA OFEMALIE, Var~<F Dl
OB, MRREMICES T LEZ bR Tw
%o TLR4 OHEARBEREIZ T IS TR/,
TLR4 V7> Fi&, ZOEREMTYy — L& L OEHTE
bo T2, TI=ZAMEWRT V¥ T=A MEHLR L,
VI FVEIRNIIER 3% TLR4 U 7~ K ORI,

x 1 7Y - ERGOEYEMTHE
mTLR4" hTLR4* mBMDC
Compd R
ECs” (L) IL-6° MTT*
12105 H 3.170.65 8.26*1.76 100 106
17236 Br 2.45+0.99 3.58+0.92 120 63
13 Ph 0.82+0.03 0.43x0.08 123 93
14 Bi-Ph >10 >10 0 23
15 a-naphthyl  2.58+0.07 2.12+0.59 80 102
16 B-naphthyl  2.01%0.25 0.92+0.20 137 84

“:TLR4 T ¥ 27 =7 b HEK293 i SEAP 7 v % 4 |2 CTEFAf, "
50% A EBEIE (M), ALEW 5 M TRILL 72 & &0 IL-6 DFEA R
LA 1 opEtR (6.4=1.0ng/mL) fE#fk, 5 M OILA T
L 72 & & mBMDC Hllig o A 47 5
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xR 2 TIECERE, N7V IVEREOEYE
MEEFAE
mBMDC
Compd R _—
ECs (IlM)a
17236 Br 152
17 -C=CH N.D
18 -C = CTMS 122
19 -C = C-cyclopropyl 22
20 -C = C-cyclohexyl 118
21 -C = C-CH.OH >1,000
22 -C = C-phenyl 171
23 -C = C-2-methoxyphenyl 435
24 -C = C-4-methoxyphenyl >1,000
25 -C = C-3-thiophenyl 37
26 -C = C-2-pyridyl 280
27 1-phenyl-1-H-1,2, 3-triazole >1,000
28 1-cyclohexyl-1-H-1,2, 3-triazole >1,000

a

D 50% A HHEE (nM), ° @ Not Determined

TLR4 B & L7907 4 0V AFER IS AFREAND
JSH, B CRIERE R EOBRBEEMIEICO % H % L]
fFEh s,

;.'51

3

AWFgeD—EBi&, [TH] OHER LB OB X 21555
EFNVHEE] OXBEZTITITDhE L
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C4b-binding protein (C4BP) 12 & % TLR &l %%
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TLR-regulatory system of C4b-binding protein (C4BP)
Sachiko Akashi-Takamura, Tatsuya Yamazaki, Naoko Morita
Microbiology and Immunology, Aichi Medical University, School of Medicine

Abstract

Complement system, one of the innate immunities, is a strong immune system, which destroys invasive microbes by making a
hole in the cell membranes. On the other hands, several proteins inhibit complement system to protect the host cells from the
attack. C4b-binding protein (C4BP), one of the inhibitory proteins, constitutively exists at high density called 200 zzg/mL in
serum. C4BP binds to C4b or C3b and helps the degradation, followed by prevention against the activation of complement
system.

Recently, we found that C4BP associates with Toll-like Receptor (TLR) 2, one of the pathogen recognition receptors (PRRs),
and regulates the activation response through TLR2. Furthermore, we found that C4BP also binds to TLR4, which was other
PRR, and regulates the activation response through TLR4. A competition assay by using two kinds of anti-TLR4 mAb revealed
that C4BP prevents an interaction between TLR4/MD-2 and its ligand. These findings indicate that C4BP binds to TLRs on the
cell surface and inhibits the interaction between TLRs and the ligands, followed by inhibition of TLR activation.

Here we explain the function of C4BP to affect complement and TLR, which is called the two major immune systems. We also

give an outline about a unique other function of C4BP and influence on disease onset.

Key words : C4BP, TLR2, TLR4, MTS510, LPS
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&9 BRI SR BIE EOMBLIER L 2w &
AT, I A AR R F 25 L LT B,
Z OHHIKNF-»—>, Cdb-binding protein (C4BP) 1%
ML PG b 200 pg/mL &) I CAEAE L,
HiRD Cab F 7213 C3b KA LTz By, #hifRiE
PACIZ X B ENDHELZ VT W5, Ritbitbi
13 2 D CABP 239 JE AR GRS 0O — D, Toll-like Re-
ceptor (TLR) 2 12&A& LT TLR2 243 AEHAL S
EHIEILCnwB IR L7z, SHICZEDOREL L
T, FkkoMIERmE ST TH 5 TLR4 12D C4BP 2%
A LTTLRY 249 AWML Z I L TWaE 2 L 2R
L7 ARTIEZO L) ik TLR &) 2 K
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PEREME I & [T 9 CABP OFERE R IR BIEIEN D5
BLROCHLTHHRT %,

1. TLR ICk 3 RECZHEE

TLR G LM Lok BB L T w5 IR E
7T, RIEARRE K 3 % 5RER LRI IS TG
by 7PNV EFHET H5FThH 5. MM FEIZITD
A3 )y FYE—1T (LRR) O ELEEEDD D 5
JEARRE R 5 DG A - FRAREEA L LCHERE L T B,
TN > 7 F VAL 2 585 5 72 D Toll/
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b CiZ 10 fi3H o TLR 25FE S 7z,
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(LPS) #%##ik¥ % TLR4 &, MRFE IR LD S
BAT HMEOZBSECVE RIS T 5, —HT
WM % #ak$ %5 TLR3, TLR7, TLRY Zfifaio T~
FY—2 94 —=AMIZRFEL, MBMNIZBALTE
72 4 )V A7 & D RNA, DNA # Bk LR 5720
WALy ZF Ve FET L, 20 X912 TLR 39 E A
BACERLIIIET 5720, H#RARBIGETER
ZNHE L7 TLIR RAETH 2L bbhoTE L,

2. TLR &% F & REIE

TLR IEZHTR D X 5 IFEARR AR LEREZIE ST
fabit oY —ThsHD, ZOBRICEYHSW M
AEPEAL S Al E A, R 2 1 35N 0 B R i i
HITHESEILTLE ). ZOXHITERLERL
b TLRICIE, ZOREZHIE L) BIFsE/20 3
HEEDTPHEETLOTIELZVR? L WnHDhb
NHObNOWFRDOHIEETH S, RITOER VL D29 D
KETTOHEL TORIEN D> TE /e MD-2 1X
TLR4 £ 4A L CLPS Ok Ak e L CHRET %0
PRAT4A b TLRA EH5TE LTHE LA ZDH%
TLR3 YA D3 XTo TLR OMBBAEICHEL, -
LPSHEDOZY F I F Vv a vy 7 IZRHEDGTTH
5Lz, 2D X ) ICERESTDOFIED TLR
VA FRREBRCHERICKRECEEL RITTHICERL
T&7

3. C4ABP IZ & % TLR2 io& 45

bNbiid CABP 28 TLR2 DXEHFThHI L %
FFRM L7z TLR2 HifkIC X 2 B Mo 5k iz
T2BKD WL ENE T V7 BRONY), ZOT 3
J RECHIA 5 CABP Th 5 Z LB L7220, FEpsic~
% A CABP %58l &€ 7-Mifgic BT, TLR2 &L oIk
ZRODLIEDNTE], KIZCABP A TLR2 N9 ¥
B 2 iR B 728, TLR2 A4 LTIt bz i+ 5
9 L ARRE % 7 Pam3CSK4 12 & 2654 % C4ABP Rk~
TABVWTHNRZEZS, TAVEFTAL Ty AL
g L C Pam3CSK4 #45- 1 Bl # o i o> 1L-6 &A%
WML TWwWa Z &ALz, %72 C4BP SHAMMa T
LA L7-& 2 A, JESEBIMINE & ik L € Pam3CSK4
WX B84 A A VEADPHHIENS Z LWL L
Zmolzo YL X ) CABP & TLR2 i L Z #1045 2
EASHIBI L 72", 20 A H = A A& LT TLR2 %31
T Pam3CSK4 #4538 % CABP 2871 » 7 L TWw»
HUREEDE 2 HNT2A, ENa2/RT DIZH L7 TLR2
PURAFEAE L7\ 723 C4BP 28 TLR2 O & 22 &¢
D0, FEHTE o7z,

4. CABP (2 & % TLR4 S&HfikE
CABP B TIES N BIMLIE Y ¥ /52 Th VY, JiEhs

WCERBENEWT LI N2y 28
WhNTWwb, fRHIERKET& LCHEShz25, 13
M2 CDA0 Lt 7% —% A5 % B MG ML 6
L, MAEEEFEHFIE, 78 b— > AR E R &SR
BEATAHTELTHESATYSY, Mido
PRAT4A ® X H 12 TLR2 DA% 513 H D TLR D
W BRENE R E 2, TLR2 MR TLR O
FELLTTLRY %, F72MIBN TLR o0& LT
TLR3 % # ° C4ABP OB 2 WH CHIEME T2 2 &
2L 7,

%913 TLR4/MD-2 &% %\ id TLR3 # 568l & & 72
HEK293 Mgz, TN ZN CABP B2 ¥ —3 5 \»
Iy b= VR F—%BAL, BOBODOY T~
FTd % LipidA (LPS {&M:H.0) F721& Poly (I:C)
(TRSE RNA) 2 G SET, Mg iz Etsns
IL-8 # % ELISA Tl L 72o TLR4/MD-2 Js BN
T, CABP#BUC L ) o b a— {2~ LipidA (2
X5 M 7% IL-8 BOKTF AR HM/ze —J TLR3
BN TlE CABP AT Poly (I:C) 1245 IL-8
BIZEERD o727,

WIZ TS ORI THRIEL % 7\ TLR & C4BP
Lotk #7225, TLR4/MD-2 & C4BP £ D
LIk SN 7z2D 2% LT TLR3 & C4BP & Tk
S akd0 b7z,

& 512 TLR4/MD-2 % %8l & ¥ 72 HEK293 fifig s>~
AR 7T 77— VHKMILTH 5 RAW264.7 Ml 12
293 T T® C4BP 3Bl LiEZ /ML TdH, LipidA 12 &
DHEASNETA AL vERPIHI SRS Z EhD
Motz —J, oL C4BP 8l ik %, TLR3 2%
Bl &7z HEK293 Mg & %\ id RAW264 .7 M7
MLUTY Poly (1:C) IC&kBHA M A4 ViEERICEE
(EE Y (R Y

7280 H Y FIZX B NF-kBiGEHHILY 7 F Vv 0k
2T L7z 2 A, LipidA I & 2Ly 7 ik
I ha— )b BRI X C4BP 83 LiE i<
SIS B EdSbdrore —F Poly 1:C) 12X
BIEPEAL Y 77V id CABP A THENIA LN 572,

koD Z k5 C4BP 1d TLRA/MD-2 £ &6 L
TLR4/MD-2 Jt% % fill#l 5% — )T, TLR3 L I3&E&+E
F TLR3IGZEISHE L w2 & LW L7227,

5. CABP IC& % TLR4/MD-2 & HllEHH1E

CABP 23& ™ X 912 LipidA T#HE & h 5 TLR4/
MD-2 %4 L 721G AL 2§ 3 2 OB S 22 5 72
BIZ, TLR4 x93 % 2 fiFHOE 2 7 u—F vk H
WM L7z TLR4 © N Kl % 383 % Sal5-21,
BILOLY CEufll T LipidA # & #i0E < 7 i3
% MTS510 Td % (MTS510 i LipidA 23%4& LT
% TLR4/MD-2 121344 T& % \), TLR4/MD-2 %
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Sal5-21

(A) (B)
Sal5-21
MTS VfN&\.
510 LP TLR4 10° 10" 10% 10° 10*
bio-LPS
HEK293T

HEK293-TLR4/MD-2/CD14 + vector
(©) O HEK293-TLR4/MD-2/CD14 + C4BP

10° 10" 10?2 10° 10* 10° 10" 107 10° 10*10° 10" 10° 10° 10

TLR4/MD-2 TLR4 CD14
(MTS510) (Sa15-21) (Sa2-8)

1 C4BP (3 TLR4 O LPS #E&FEHE ICRET 5 & T TLRY/MD-2 & ZHl#L

w3

TLR4/MD-2 % %8Bl & & 72 HEK293 Mlf412 C4BP RBIN2Z ¥ —HHWvida v ba—
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Production of LPS with novel structure using fatty acid transferase genes for lipid A biosynthesis
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Abstract
Lipid A is known to exhibit various immunostimulating activities, and acyloxyacyl structure formed by 3-hydroxy and non-
polar fatty acids is important for the activity. Although the relationship between the activity and the acyloxyacyl structure has
been precisely investigated using chemically synthesized lipid A, modifications of lipid A by genetic methods have not been
much attempted. In the present study, the double-knockout mutant of Escherichia coli with disrupted lauroyl- and
palmitoyltransferase genes (KGU0377) was constructed, and transformed with palmitoyltransferase gene from Salmonella
(pagP) or from Campylobacter jejuni to obtain strains KGU0431 and KGU0441, respectively. The mutant produced the lipid A
without acyloxyacyl structure, showed slower growth at 37C, and was very sensitive to polymyxin B. The transformant
KGUO0431 could grow as rapid as the wild-type strain and showed the partially restored resistance to polymyxin B. Another
transformant KGU0441 also showed the similar recovery of polymyxin B resistance, but its growth was still slower than the
wild-type strain. Mass spectrometric analysis revealed that KGU0431 produced considerable amount of penta—-acylated lipid A
with palmitic acid. On the other hand, KGU0441 produced a small amount of hexa-acylated lipid A with palmitic and myristic
acids. The IL-6 inducing activity of KGU0377 LPS was much weaker than that of the wild-type strain, as expected, and the
activity of LPS from the transformants was at the same level as that of KGU0377 or only slightly restored. The present study
showed the possibility to produce lipid A with novel structures using various acyltransferases from other bacteria.
Endotoxin and Innate Immunity 21 : 51~55, 2018
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Effect of antimicrobial cathelicidin peptide LL-37 on septic mouse
model via the modulation host cell death

Isao Nagaoka®, Hiroshi Hosoda", Kaho Nakamura®, Zhongshuang Hu",

. -1 . .1 . . 2
Taisuke Murakami”, Kaori Suzuki”, Hiroshi Tamura®

YDepartment of Host Defense and Biochemical Research, Juntendo University School of Medicine
?Laboratory Program Support (LPS) Consulting Office

Abstract
LL-37 is the only known member of the cathelicidin family of antimicrobial peptides in humans. In addition to its broad
spectrum of antimicrobial activities, LL-37 can modulate various inflammatory reactions. We previously revealed that LL-37
improves the survival of a murine cecal ligation and puncture (CLP) sepsis model. In the present study, we elucidated the
mechanism for the protective action of LL-37 using the CLP model, focusing on the effect of LL-37 on the release of neutrophil
extracellular traps (NETs). The results indicated that the intravenous administration of LL-37 suppressed the increase of
damage-associated molecular patterns, DAMPs (such as histone-DNA complex and HMGB1) as well as IL-18, TNF-a and
soluble triggering receptor expressed on myeloid cells (TREM-1) in plasma and peritoneal fluids. Interestingly, LL-37
significantly suppressed the decrease of mononuclear cell number in blood, and the increase of polymorphonuclear cell
(neutrophil) number in the peritoneal cavity during sepsis. Moreover, LL-37 reduced the bacterial burdens in blood and
peritoneal fluids. Notably, LL-37 increased the level of NETs (myeloperoxidase-DNA complex) in plasma and peritoneal fluids.
In addition, we confirmed that LL-37 induces the release of NETs from neutrophils, and NET's possess the bactericidal activity.
Together, these observations suggest that LL-37 improves the survival of CLP septic mice by possibly suppressing the
inflammatory responses as evidenced by the inhibition of the increase of cytokines, soluble TREM-1 and DAMPs (host cell
death) and the alteration of inflammatory cell numbers, and the bacterial growth via the release of NETs with the bactericidal
activity.
Endotoxin and Innate Immunity 21 : 56~61, 2018
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Carbon monoxide (CO)/CO-releasing molecule (CORM) is a therapeutic target against acute
respiratory distress syndrome induced by hemorrhagic shock and resuscitation (HSR)

Toru Takahashi
Faculty of Health and Welfare Science, Okayama Prefectural University

Abstract
HSR incites pulmonary inflammation that leads to acute respiratory distress syndrome (ARDS). However, there have been
no definitive pharmacological therapies against ARDS. CO is a toxic gas due to the generation of carboxyhemoglobin (COHb).
However, trace amount of CO is endogenously produced by the enzymatic reaction of heme oxygenase-1 (HO-1) that is
induced by oxidative stress to confer protection against various inflammatory disorders. Recent studies have indicated that low
dose of CO exerts potent cytoprotective effects on inflammatory organ damage in animal models by its anti-inflammatory
property. We also demonstrated that CO inhalation at 250 ppm ameliorated HSR-induced pulmonary injury in rats. However,
this dose of CO increased blood COHDb level to approximately 20% that may be toxic to humans. Very recently, to overcome the
disadvantage, CORMs have been developed by coordinating CO with a transition metal carbonyl complexes. Among various
types of CORMs, CORM-3, a water-soluble CORM, spontaneously liberated and deliver CO to various tissues under
physiological condition through intravenous administration. We found that CORM-3 treatment mitigated HSR-induced lung
injury without any increase in blood COHb levels through its anti-inflammatory property. We propose that CO/CORMs are
possible pharmacological agent to treat ARDS.
Endotoxin and Innate Immunity 21 : 62~65, 2018

Key words : ARDS, CORM-3, HO-1(Heme Oxygenase-1), CO, HSR (Hemorrhagic shock and resuscitation)
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wESNh T2,
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4-1. HIHEY 3 v 7E&ERIERD CO RADFHER
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FAMBEEE R 37 (9 o, FE, Wi, fiREo 4
HADO R a7 o5 EMFHEORIETH S Lung
Wet/Dry OHELR ERICE > TERMICHHEDID S
N7z 72, KEMEERNTTHSH NF-£B & AP-1 ®
W, BLXOREWEAT A 2 —%—TH5 TNF-a &
INOS DFEHE BIC AL TED, Nk EkiZ
& Myeloperoxidase (MPO) &S ¥IMAaiA 5
2o REFIVICHINTEY 3 v 7 OFT 1 KE B X ORI
3IREMH, 250 ppm @ CO #W A S5 &, FikERER 2
a7 D%, Lung Wet/Dry LOFZZRICT, J5EMiz
BRFIEEL X ORIEM A 71 = — % — OFEH O HH]
DWRRD O, WFPEREEE S MPO G T L Tw
720 WIPEY 3 v 7 # ARDS IxHd % BRAERI#£ 0 250
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SOREAN N 5 2 JP) L TR ERI R 2 D 7263 & F 2
bhiz,

4-2. BHERSMREZICXNT 5 CO RADEERD
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bol2BIZCO ZMAZIEL I ENIVHENTH S,
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AE L7 EORR, CO I#E‘RKG TOMitER 2
7, WiKEORETH B Wet/dry LLZIKT 872, F
7z, HiH#R D TNFa mRNA, iNOS mRNA LX)V jk
g, TR ZMBBOEREZBRPDRDOLN
720 EH1Z, COMAIZ X o THRIEMES A A A~
IL-10 OFIVIAFEFIHEIML Tz BLEX Y COM
AEPUIAETER % 4 L CHRA % ARDS 12X L CTHHRRD
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5. CO ¥EBEDFD ARDS (233 21RE(EH

5-1. CO WshtF"

#EA % ARDS 2% L TR R 2”3 CO iR
250 ppm & F L KL, T v MTIE, BRI A R 547 C
EEZIE, fHME7 ¥ F—=2 22 2 &3, RIS
DIRIBFIRREICHE S e o 720 LAL, 1itH COHb i
BEER 20% & T v N T SR EERZ RS o7z
A, TOLXVolih COHb ik e N TldH ik
&R THEEELSD D, HE, D CO HRADHE
TEZ WS 572012, EBRESEO 7 VA= VLG
MEEER CO 54K @ CO ##E%¥ (CO releasing mol-
ecules : CORMs) & L CTHIFE 211720 CORMs (213 HEE
Lo TWL 2202 H Y, CORM-1, CORM-2
FBKETH B, —J, CORM-3 HAMETHY, #&
B ERT 5 LR /272 512 CO 28T %,
FTbb, COlALRELD, I COHb iz ki 3¢
52 e, BRI CO 2 T& 5 Z &2 CORMs
DOHETH %,

5-2. CORMs DOHRa{RE/ER"

CO WL A & [E#£1C CORMs AR 2R 2 &
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T 7 =TVDORIEWETA A A v oEEENHT 5, F
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72, WIYEY 3 v 7 8 EEFIVAOEIEE CO WA,
CORM-3 D513, & HITHIEIEN - BT K
k=3 ZVEH &4 L THEA % ARDS 2203 L 720 250
ppm @ CO W Akt COHb LX)V % b b THERR
EHHFTULARNLVETEAIRED, 7y MR LT
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TEE 2 MBI HES, & L R B,

E
AWFIEDBEATIZE K% T30 & TH 72 WK R A B R
AR AT FERE BRI - SRR OB RIS TR L £ 9

X ®

1) Ryter SW, Choi AM : Carbon monoxide : present and
future indications for a medical gas. Korean ] Intern
Med 28 : 123-140, 2013

2) Gorman D, Drewry A, Huang YL, et al : The clinical
toxicology of carbon monoxide. Toxicology 187 : 25-38,
2003

3) Takahashi T, Shimizu H, Morimatsu H, et al. : Heme
Oxygenase-1 is an Essential Cytoprotective Compo-
nent in Oxidative Tissue Injury Induced by Hemorrha-
gic Shock. ] Clin Biochem Nutr 44 : 28-40, 2009

4) Kanagawa F, Takahashi T, Inoue K, et al. : Protective
effect of carbon monoxide inhalation on lung injury



—WfbiF (CO)/CO WM D 2NEM 3 B i & L Comhetk: 65

A EHco NEco
o ALFXIHFF—F . {EBECORA

12 & AL RBRIG + COlEREST F(CORM)

4 N
N /4

[ ARDSDEE |

1 CO/CORMs M ARDS IZ¥td B8 E L TOREEM

after hemorrhagic shock/resuscitation in rats. ] Trau- ameliorates hemorrhagic shock-induced lung injury.
ma 69 : 185-194, 2010 Mol Med Rep 7 : 3-10, 2013
5) Kawanishi S, Takahashi T, Morimatsu H, et al : 6) https://clinicaltrials.gov/ct2/show/NCT02425579

Inhalation of carbon monoxide following resuscitation



IYFMFY Y- BIRIENIZE 21 1 66~69, 2018

B 596 12 3B 1T B neutrophil extracellular traps
pEAE & IS N B2 RS 0D 9 735

W 2D, VR OEEY, BT Y, B2 EssY, IR —Y
DAL R R b o S Fe R e 2 W 25 i LT e o F- R0 45 0, 2] s RE ARl o i E [ e 25 W 22 45
VE TR S N E S RS gE e v 7 — DB BT Te s, VBB b K B T AR B AR Ay R

Periodontal bacteria-induced neutrophil extracellular traps enhances proinflammatory
responses in human endothelial cells

Hiroyuki Tada”, Takashi Nishioka?, Kenji Matsushita®, Sakura Onoue”, Kazuyoshi Kawahara”

"Division of Oral Immunology, Tohoku University Graduate School of Dentistry
“Division of Oral Diagnosis, Tohoku University Graduate School of Dentistry
¥Department of Oral Disease Research, National Center for Geriatrics and Gerontology
“Department of Biosciences, College of Science and Engineering, Kanto Gakuin University

Abstract
In the inflammatory disease chronic periodontitis, the periodontium is exposed to a high density and diversity of periodontal
bacteria. Neutrophils are the first line of defense in the periodontium. Circulating neutrophils adhere to endothelial cells by
adhesion molecules, such as 2-integrin, following their migration across endothelial cells into the inflamed periodontium.
Endothelial cell-derived developmental endothelial locus-1 (Del-1) acts as a negative regulator of neutrophil extravasation that
inhibits f2-integrin-dependent adhesion to vascular endothelial cells. Neutrophil extracellular traps (NETs) are extracellular
web-like DNA structures that contain bactericidal substances such as histones, human neutrophil elastase, and cathelicidin
antimicrobial peptides. NETs are produced by many bacterial species, but it remains unknown whether the development of
periodontal disease is due to periodontal bacteria-induced NET production. Fusobacterium nucleatum is a Gram-negative
anaerobic bacterium associated with periodontal disease. We examined the effects of F. nucleatum-induced NET stimulation on
the induction of Del-1 in human endothelial cells. A transendothelial migration assay was performed to evaluate the number of
transmigrated neutrophils. Stimulation of human umbilical vein endothelial cells (HUVECs) with F. nucleatum-infected NET
fragments enhanced the transendothelial migration of neutrophils. Furthermore, the Del-1 production induced by HUVECs was
attenuated in NET fragments—primed cells. Thus, F. nucleatum-induced NETs may enhance neutrophil extravasation in a
manner dependent on the attenuation of Del-1 production in endothelial cells. This study suggests that NET's are associated
with the pathogenesis of periodontal disease.
Endotoxin and Innate Immunity 21 : 66~69, 2018

Key words : %55, Neutrophil extracellular traps, Fusobacterium nucleatum, Developmental endothelial locus-1,
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1. NETs IC& B RERICDFE
REBLALRR O F R0 TIE, I FRER AT 5K B 45 -

7% % —  (pathogen-associated molecular patterns :
PAMPs) % Toll-like receptor % & Cilik3 5 Z & 12
X0, HR7F F, EMEEERE (reactive oxygen
species : ROS) RKIEMEY A b H A4 ¥ DA FHE S
Nb, LITHYP, IFPEkE PMA THIBT 2 L A7 o—
VART AR M=V AL B LMEOMBENTEE I
BHFZE Y Z %12, BFERIE NETosis & V9 Hi#o
HNESEIZHES & & TNETs 2§56 2 &S 60012
N7z, NETs 1d27 0~ F v 8D 65 5 R &y
THERL S, 3 L7200 s 2 NETs IG5 %
LAY, HHERTI A —€, ITuXRVEFF T T —
¥, PLHRTF FREGEWET A M A4 SIS X )
L BGHEETH %o

2. NETs (& 3 IMEDHEREE

NETSs (2 & 2 i B O I HIE O EHSEIZ BV T
WL EE 249 —J5, NETs O 7% 0 L 3 dr
R AN SE &2 35 L, BIIRMALTERE, BT v <7
REGWT) T b =T AR EORIEMERE B R

&, PERBICB B EREY BESE5 2 DS
WCERTWE, ZOHFKEE LT, NETsiZ&INnb
SRk REED TSR EZ SR § 2 L 2URR
ENTWwb, NETs 269 5 dsDNA, I T u~)Lt
F V¥ —E¥R MMP-9 (&, MEMNEMEEEES 213
AV A b IS X B A PR I o B S LA (2
BF % DIC DIFERIKICHb 5% T2, SIERKRIC
#£R L7 NETs 225 & A b ¥ St lc i 5 2 &
THBHas I CHEELFIERITIEI/MINTY
27, WG O s PR 88 L 225 R IE NETs %
FEETHIEDRBENTVSE I END, HERET v
NS ER S N7z NETs 2847V 4 B o il % Bt
G4 RSB S B,

3. AREMERREICELS NETs EE LM
BN M0 REHE

bivbiug, BUEEZORERRIZEL 2hb b
S A 2 IR L, & MFThERA S o NETs
HEREIZ O W TR L7z & 2 A, Fusobacterium nu-
cleatum W23 L TH P ERIZE W NETs EAFEE R L
720 F. nucleatum (32 F R EZE ORI R v b
O EHEECTHRIDENS 7T AR REBER AR E T,
 FCIEAELS X BB ICEAET %0 F nucleatum X
T EAI 2 & T O M AR & SR LB SR RE 2 RO 2
EWS, NA KT ANV ABBAZB W THUL 5 E %
TE 5 o 72, F nucleatum 12 X A 4FHERD 5 D ROS

T2 R R OREN 2 EMIE TH 5 Porphyr-
omonas gingivalis £ ) HE N EARENTE DY,
ROS IZHIFBEIIC 3515 5 NETs B O 7 1 & R zﬁ@
BT THAHI NS, F nucleatum (FUFHERD 5 D
NETs A< B85 e RgEIhbd, £2T
F. nucleatum W2 X Y v MFhER»SEAE IR
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NETs 2SI YR M S SE0E OIS & 55383 % 1] REPE LS
DWW, BFHERIC X 2 IMENEZMBMERELE (trans-
endothelial migration) #J§#E & LTS L7z0 F. nu-
cleatum FIFAZ X O ifF k2 & L 72 NETs %
DNase [ LHC4r@E L, Transwell 7 4 V& — FICHLE
B L7z b ER IR0 N EZMe (HUVEC) % [
NET Wi CHlF %, HUVEC ORI R 2 8l L 724
PEREENE L7ze ZOKH, HUVEC % NET 471l
TP 5 &L U 720 P BREASE TS UHE L 72,

WA, NETs I & 2 M55 N B MTL & 43 % I ek
EDTLELERIZ Db 5 5 THRFICOWT, MENE
#1238 Bl 9 5% developmental endothelial locus-1
(Del-1) (2 H L7z Del-1 1 PR AR A & 15 B Y
AW ENDGTTHY, LFA-1 4§ L 4FhER & i
BEWNEMB RS Z PR EST 5 2 & THREROIMmE
Yl % WEiT 5" Eskan 512X 5 &, HETY A0
BRI T I N BRI E 2 & Del-1 2SpEA S5 72
3 B LR O PP ERE R X S T B A8, B
<7 ADOWEARE T IL-17A FEAENTLH#ET H 2 & T
I N BT > © 0 Del-1 A 25E0H] S A, B LA
O EREREDICHE LB RIEICE S Z EAVRIE S
hTwa", 22T, HUVEC %05 ® Del-1 A IZ BT
% NETs OB W THEN L 7R 4, HUVEC %
NETs CHI{E$ % & Del-1 AT 5 2 L AR S
720 NETs 12X % HUVEC @ Del-1 RGN 5 A
DB FIZDOWT, NETs IZRET 2 &MY A b A4
¥ e MHFERZIENT L7 R, F nucleatum &G\ X D
A S 7z NETs 1213 macrophage migration inhibito-
ry factor (MIF) 2SEWICKE L, HHEk%E F nuclea
tum B LPS CTHIE$ % & MIF mRNA FH AT
HZENHLNE R 572 MIF IX, TNF-a, IFN-7 %
IL-18 % EDRFEVES A b A4 VEEZHELY, 77
O — A MEEIREEALRE, BIET ) v~ F R SEE R &
Vo 7B SE R B HE S22, 22T, NETs
12 & % transendothelial migration ¢ JT# 1 12 MIF
Wb LU IO WT, HUVECZ MIF 7 v % I
= A F ISO-1 THLEL L 72 NETs THIP L 7= 45 3,
transendothelial migration @ JLHEAYZFHHIZHIH] S L7z,
¥ 72, HUVEC 25 ® Del-1 #EA b ISO-1 AP NETs
TIEHH S 7z, fiis, NETs (21 HUVEC @ ICAM-
1 B EZZEWICESELEHARH A LWL N L
Bolze DLEORERD S, SRR BEEME I X 0 i
B B pEA S Fz NETs (35 N 2R 2 15t L,
Del-1 EEAHH R ICAM-1 BHIUEZFET L2 LT
I rRER OB HEAS % A S8, MBI 5 20 Kt
DT 5 2 PRI ENT, 5%, NETs 2L 510
NI DR EEIZOWWT, NETs ISHAET 5 3
TaNXVEFF TS —E, HHRTI A -, A b
RAIZVFV =L EDRFICEH L THRET L%

N5,
BbhVIC

BRI (& 2 TS PR R B R AT LAE 70 & 4 B 35 J D9
RIS b b I ERERIN, TOXAAN=ALL
L C i 9 BE LI 02 & % W IE <0 B ) 920 & B SR
PRXA T4 =5 —DFGIREENTVEA, 141
RHIN TRV E S E v, BEEEZORE R v
MCIFIF R ERDS S BAZARAE L, ok 5 05 B A 7 oD Jeke e
WCHEBRBZEINTWEZ L5, NETs OE Y 2 it
WMETH D EDHELEEIND, NETs 12 & BIEPRE
ML O JAEHEIE, SR v MCEE L7 NETs 28
MATPEN & B ~JEER S 2 W Rtk 2s e S, BhRG %
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