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TFFE R R O EE (353) : Toll-like receptor s(TLRs) sense a variety of microbial products. TLRs
activate innate immune responses and prime adaptive immune responses. TLR4/MD-2, a sensor for
LPS, delivers the MyD88-dependent signal from the cellsurface, then traffics to endolysosomes and
delivers the TRIF/TICAM-1-dependent signal. Both signals are thought to be dependent on cell
surface TLR4/MD-2. Although TLR4/MD-2 is located also in recycling endosomes, the Golgi
apparatus or the endoplasmic reticulum, little is known abouta role for intracellular TLR4/MD-2 in
LPS responses. We here studied intracellular LPS sensing in macrophages. PRAT4A (protein
associated with TLR4 A) is a cochaperone for a general chaperone gp96 and required for cell
surface expression of TLR4/MD—2. Cell surface TLR4/MD~2 was undetectable on PRAT4A
deficient thioglycollate—elicited peritoneal macrophage cells (P-Macs) and bone marrow—derived
macrophages (BM—-Macs). LPS responses were all abolished in PRAT4A deficient P-Macs, whereas
a part of LPS responses remained detectable in PRAT4A deficient BM—Macs. Of note, LPS
responses in PRAT4A deficient BM—Macs were not necessarily dependent on TRIF/TICAM-1
signaling. PRAT4A deficient BM—Macs showed unimpaired production of both
TRIF/TICAM-1-dependent chemokine RANTES (CCL5) and MyD88—-dependent chemokine
MCP-1 (CCL2). Moreover, up—regulation of co—stimulatory molecules, CD40 and CD86 was not



altered. In contrast, TRIF/TICAM-1-dependent production of type I IFN was profoundly impaired.

These results demonstrate that intracellular TLR4/MD-2 is responsible for unique set of LPS

responses.
AT R FERA
(GHHAL: )
X2 TR &t
2009 4 1,070,000 321,000 1,391,000
2010 4EJE 970,000 291,000 1,261,000
FRE
R
FEE
e &t 2,040,000 612,000 2,652,000

T3 87« R 3
BFE DR E - FEEESE, s

F—U—R:TLR4, LPS, TLR5, Flagellin, PRAT4A, ~7ua”7 77—

1. BFFEBR AR S W) DT 5

Toll Like Receptor (TLR) 773U — X504
(T BLT DRI L B 7 2 —Th D,

A 53 F X AR DR % 7250552 22 AN
DEFENIEZFT, Ll TLR 77U —0D#f

il W M 2 D TLR TREERDHR I

IIAREAZ2 SR UH R B L O

T IAREEEANL & B D TN 7047 D 36

NEEAED TLR TRIZHDDEIR> TR

Y,

2. iFFED B

FERERY TLR4 | TMiflaz i TLR4 THDHEB R

BIVTETD3, A5 F 1M P 53 ) (Va4

TR E)V TS AT HIEDRMBIL T
5, PRotein Associated with TLR4 (PRAT4A)
I% TLR4 O E A A filE 25037
B THHIENHMLNTWDHIEND, Mk
i TLR4 /K872 PRAT4A /7 77 M
WA E TN TLRA (THSBEAIR A

, AP S AR

(FAET DIEDEIENT T DL ATREL 72D,

Fo Ml TLRS ThoHEEZ LN TV
TLR5 T, ZOMaN MR RIS TE
HF | EEEOVT L RBFHEHRALIX AR EE T
BHb,

A EIOAFZETIE, TLR4 YA R (Lipid A)B&
Y TLR5 VAR (Flagellin)® 8k 7 3 L0
HERELPN 3 A7 & 505 575 & D BRI 2 B BN
Do

3. WFFED F ik

GRIFa N TLR4 OB BEARER)

PRATAA /77U~ AZH KT 58k %
p~omaTZy— %ML, TLR4 O i
FH B PRATAA IZX0 I S bzl
R, £ FBl~rn7r—UREICBWT
EOBE7: TLRA IREDBEFTHOMNIZH
L TR 2179,

(TLR5
IR

WCBIFDVH FRBREALDE E)
WZHBLT A TLRS 2383 TXx541



EBFELELRWE  Balb/c N o750
R®D TLRS /v 7T UMD AZE RN 528
THL TLRS £ /27 —F L
Fro. BISLUTZHURZ4E I LT TLRS 234
ol & I AZFEBL T DB DA REET D,
PRATAA 134k % 72 TLR Ol i 2% i %6 B
ZHl A 952D, TLRS & PRAT4A OB
RHREET D,

AR E
(M PN TLR4 DOHSREAZER)
1. PRAT4A RE~I/a7r»— TlIilia

#Fm TLR4A B 75,

A BALB/c BM-Macs

W"d:j :j 5

PRAT4AKO “ g \‘ :
i/ G W AN

TLR4 KO /\ :/‘ :
-1 ; =
| Sy W

TLR4/MD-2 TLR4 CD14

B BALB/c P-Macs

14N 14

wiid . 1) | : J
N »
PRAT4A KO :V/\ :/N\ : ‘
v R MR LT

|/ 1A
TLR4KO _ Ry
\ :
TLR4/MD-2 TLR4 cD14

F& 2 1ZLLRT 12 PRAT4A 23 TLR4 O #H i 3
MR BN EH THHIEE AL LIZ23 | [H
A — B UM £ i TLR4 138 8 H
%771277—“/(81\/[—1\/[%8) FFI7Vav
—NMZIVFESNEEEN~I/ a7 77—
(P—Macsmimﬁ*%ﬂaﬂéﬁumﬁlﬂ’a S
WTERIZHE KL, (KA, B)

2. BN ~ra77—(P-Macs)®D LPS
RERICIT M mER T TLR4 2’ HTH
60

HREERSD,

el #2 i TLR4 %45 25 L7- PRAT4A K48
P-Macs Ti& Lipid A ICXVFEEINDL—
b= %, VA4 (TNF-a, IL-6,
RANTES) . 858X O IFN- B O PE A NR5E 2
ICRBL TV, ZOHEZEL, P-Macs @D
TLR4 JRZ DN FE I & i TLR4 1K 7
THZEERLTND,

3. FHiAk~ro77—(BM-Macs)ix
MEREA LN TLR4 248 ¥ 5,

) [ Wild [0 PRAT4A KO [] MyD88 KO[] TLR4 KO & Wild A\~ PRATAA KO ~A-MyD88 KO

0

IFN-fyactin

| = EfE e
s a. K BT ”uz/- . S

None 1 10 100 ]

il 3 5
Lipid A (ng) Hours. al::'rnl:JTasu{;nl)Dngpm\]

Sodium Nitrte (uM)
@

c [l wild [ PRAT4A KO 5] MyD88 KO[] TLR4 KO
. . 100! MCP-1 (CCL2) -
80 & =
2t = 1 B0+ [
1 40
20 - =
0 0 — b X
MIP-1q (CCL3)
B 80 - =
3 60 =
g 2 40 . =
21 120 -
i 0
5
= -
é 05 100 !\MP 1p (CCL4)
=

03 i
02
odw - P ~
KC (CXCL-1)
8
6
4
2
0 |
None 10 100
Lipid A (ngfmi} Lipid A (ng/ml)

P-Macs &I3xF BAYIC, ML K H TLR4 %
18 & L7z PRAT4A K8 BM-Mac TlEZ<
® TLR4 JEEDFEAFEL(A, B, C) . 7€M
A2 T¥HDH RANTES < MCP-1 % Wild
Type ClFEAE MR O 72FEAE ST, KFIT
MyD88 1 17 ) 72 MCP~1 FE £ 23 5% > T\
el MkaEm TLR4 O 7 F VR
& w5 MyD88 23l fil N TLR4 @ F it T
HEEEEL TWAZEIRENT,

D E
BM-Macs BM-Macs
| PRAT4A MyD8s TLRd PRATAA MyD8S TLR4
Wik ko ko Ko Wid ko ko ko

& E e E
N f | j 4"\¥ / ."\, jL
il N/ RV UE

REACN AR

CD40 CD86

' /‘\'L )A\ / \ )\
10 j"\‘_\g j‘\‘; \¥ ‘/\7
o\ \ | -

Poly(:C) * |
25 pgiml “‘ \
I\

Lipid A (ng/ml)
Lipid A (ng/mi)




2, PRAT4A X 8 BM—Mac Tl Lipid A
I2X5 co-stimulatory molecules (CD40,
CD86)D# E A Wild type &k 4 72< 55 18
Iz,
DL EoRE S, MAa N TLRA 2388 RE Y C
HHZLEWHEEIRLIZLOTHY, MIEN
Y ENZ 1D TLRA SRR A > R 1Y
72 TLR4 I8 EZFHHETLHILERLTW
A
(TLR5 IZ81FBYH U RFREREBAL OF E)
1. #i TLR5 &/ Z7ua—F L H KD ST,
TLR5 #Z5# il % Bls¥ 7 Ba/F3 fllfjd %
Balb/c /N7 27597 RD TLRS /v 77Tk
YA HRIE LT, R~ AL BT
g Ml B 2~ AT VR — <l LRl & 552
ETHLNTEREANATIN—~K%
FACS A7V —=>7\ZfftL, Ba/F3 il
Y6 L7 A TLRS 58 ) %8 Bl Ba/F3
fazYeth 3+ 5%/ 7a—F N hiik%a | fi¥E
BHIENTER, AT /7 —F A Hiikix
GFP %7 %5 & TLR5 % 3R Ik %
T&EHIEMD, TLRS FFRNTHDHEE 2
bbb,
2. MU F A TLR5 %8 B IE DR,
RfSZ U7z TLRS LR 2 W CTH B oM i
Bz Ye 2 /FACS AT 24T o 7o KL J774
M (w277 7—F%50) 235N K TLRS
T R I BL T D& B Lz, [\
R — LT, J774 B2 X Flagellin %
kL, YA A B EA L,
3. PRAT4A X TLR5 O #fifia & i %8 Hl %
48 9%,
M E TLR(TLR1,2,4) 0 fa 3% -~
DBATIEZ PRATAA ([ZX0Hl IS Dz e
5. TLR5 & PRAT4A LD B4R & fi@ fir Lz,
ZDOFER | PRAT4A %2 /v X v LT
J774 M@ TlE TLR5 Ol i 3 1 %% Bl A3
SEARICE R L, £72. WIAME PRAT4A

2% TLR5GEP L3EJLE 52L&, PRAT4A
I 7B RY TLRE ORESAE ffi 3k
HEDZeaFERALL, ZOFERET,
PRAT4A 73/ i (812 TRl 84 & i 2 i) 480
THIET TLRE DM e 2 i %6 Bl Z il 48]
THIEERL TN,
4. ML E TLRS XV AR AL AT
W THD,
PRAT4A Z /7 Z7 Liz JT74 A Tl
Flagellin P AZFED YA NI A 2 BEA S TE
EITHR LT, R IE, TLRS 128
VN AR 3R T 53 AT AN A B A VR R
HETHLILERIRIRTDHDTHD,
5. LARRRMRILE
(WFZEREEE | IR 5 HH3E M ONEHERT S22
[TTF#H)
CdERERm SC) (BE 2 1)
1, Takuma Shibata, Yuji Motoi, Natsuko
Tanimura, Natsuko Yamakawa, Sachiko
Akashi—Takamura and Kensuke Miyake
“Intarcellular TLR4/MD-2 in macrophages
senses Gram—negative bacteria and induces a
unique set of LPS—dependent genes”
International Immunologyas. A #td Y. in press,

20114

2, Ryutaro Fukui, Shin—ichiro Saitoh, Atsuo
Kanno, Masahiro Onji, Takuma Shibata, Akihiko
Ito, Morikazu Onji, Mitsuru Matsumoto, Shizuo
Akira, Nobuaki Yoshida, and Kensuke Miyake
“Unc93B1 restricts systemic lethal inflammation
by orchestrating TLR7— and TLR9-trafficking”
Immunity38, & #idHY, in press, 201 14F
(] GHR)

(RAHZ—%3)

SEHEKEE, JRE] (BN 7, =

[Toll Like Receptor 4 (TLRAIZ I HHMATN 5>
MOE R DML

[ 11 FRREKRFEEMBZE VR T AL ]
FRFAF v 7 & PB31, 2011 4E 6 A



CE G

(PE 2 P PE A )
O IR Gt 0 1)

R
LR
HEFIZ -
T

HE:
HEEAA H
E N DR

OBtsIRTL (Rt 0 1)

R

S L
HEFIZ -
T

HE:
BS4H A -
EWNs DRI

(Z D)

R I
http://www.ims.u—tokyo.ac.jp/kanseniden/in
dex.html

6. WFZCHAGR
(DRfFgEREH
LB BB (SHIBATA TAKUMA)
HUR RS R ERFIE T - R A ZE B
W5 % 75 30554505
(T

7L

() ENF T

L


http://www.ims.u-tokyo.ac.jp/kanseniden/index.html
http://www.ims.u-tokyo.ac.jp/kanseniden/index.html

