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Regulation of Toll-like receptor signal transduction by Rho guanine nucleotide exchange factors
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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

Key words : TLR, RhoGEF, TRIF, MyD88, Rho GTPase

FUBHIC

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

BR R BRIERR GG EAITEE T 501-1196 I 5 I BT K474 1-25-4
TEL : 058-230-8100 FAX : 058-230-8140 E-mail : 136027@gifu-pu.ac.jp
Bl R R PR KRR RE T 501-3892 I e I B Ty i P R 795-1

TEL : 0575-22-9401 FAX : 0575-23-0884



Rho 77 =¥ X7 L& F FRIRN T2 X B Toll 78tk 77 v ol 39

@ Rho
GTPase

AR

RhoGAPs

P

@ i B
o /[ st
GTPase Al R

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



40

IV R MRy HARSRIENIZE 21

TLR4

/—g"

{
O

-

-~

e S

*
&

&

=

>

— o e o
—
-y

@ l—»Type 1 IFN
UNUNUNONOUNIONTUNONONOUNOUNEN

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



¥o iz,

Rho 77 =¥ X7 L4 F R TIZ & % Toll BRZ 2R > 7 F v ol i 41

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

X
1)

2)

Bk

Hennessy EJ, Parker AE, O'Neill LA : Targeting Toll-
like receptors : emerging therapeutics? Nat Rev Drug
Discov 9 : 293-307, 2010

Brown J, Wang H, Hajishengallis GN, et al. : TLR-
signaling networks @ an integration of adaptor mole-
cules, kinases, and cross-talk. ] Dent Res 90 : 417-427,
2011

Cook DR, Rossman KL, Der CJ : Rho guanine nucleo-
tide exchange factors : regulators of Rho GTPase
activity in development and disease. Oncogene 33 :
4021-4035, 2014

4)

5)

6)

8)

Kusuhara S, Fukushima Y, Fukuhara S, et al. : Arh-
gefl5 promotes retinal angiogenesis by mediating
VEGF-induced Cdc42 activation and potentiating RhoJ
inactivation in endothelial cells. PloS One 7 : e45858,
2012

Margolis SS, Salogiannis ], Lipton DM, et al. : EphB-
Mediated Degradation of the RhoA GEF Ephexinb
Relieves a Developmental Brake on Excitatory Synapse
Formation. Cell 143 : 442-455, 2010

Stovall SH, Yi AK, Meals EA, et al. : Role of vavl- and
src-related Tyrosine Kinases in Macrophage Activa-
tion by CpG DNA. J Biol Chem 279 : 13809-13816, 2004
Shibolet O, Giallourakis C, Rosenberg I, et al. : AKAP13,
a RhoA GTPase-specific Guanine Exchange Factor, Is a
Novel Regulator of TLR2 Signaling. ] Biol Chem 282 :
35308-35317, 2007

Guo F, Tang J, Zhou Z, et al. : GEF-H1-RhoA signaling
pathway mediates LPS-induced NF-«B transactivation
and IL-8 synthesis in endothelial cells. Mol Immunol
50 : 98-107, 2012



