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1. Substrate specificity of Pasteurella multocida

FASEB J
Pasteurella multocida Bordetella

Curr Top Microbiol Immunol
Pasteurella multocida

FEBS J
Clostridium perfringens

J Biol Chem
Pasteurella multocida

J Biol Chem

Bordetella pertussis
B. bronchiseptica B. parapertussis
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1. Moderate restriction of macrophage-tropic human immunodeficiency virus type 1 by SAMHD1 in monocyte-derived 
macrophages. Taya K, Nakayama EE, Shioda T. PLoS ONE. 2014 Mar5;9(3):e90969.

activity and susceptibility to HIV type 1 infection. Nakayama EE, Nakajima T, KaurG, Mimaya JI, Terunuma H, 
Mehra N, Kimura A, ShiodaT. AIDS Res Hum Retroviruses. 2013 Jun;29(6):919-924. 

3. Polymorphisms in Fas gene is associated with HIV-related lipoatrophy in Thai patients. Likanonsakul S, 
Rattanatham T, Feangvad S, Uttayamakul S, Prasithsirikul W, Srisopha S, Nitiyanontakij R, Tengtrakulcharoen P, 
Tarkowski M, Riva A, Nakayama EE, Shioda T. AIDS Res Hum Retroviruses. 2013 Jan;29(1):142-50.

4. A proposal for a new HIV-1 DLS structural model. Sakuragi JI, Ode H, Sakuragi S, Shioda T, Sato H. Nucleic Aids 
Res. 2012 Jun;40(11):5012-22.

Front Microbiol. 2012 Jan 24;3:13.

HIV  
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1. Novel permissive cell lines for a complete propagation of hepatitis C virus. Shiokawa M, Fukuhara T, Ono C, 
Yamamoto S, Okamoto T, Watanabe N, Wakita T, Matsuura Y. J Virol. 2014 Mar 5. [Epub ahead of print]

2. Innate immune response induced by baculovirus attenuates transgene expression in Mammalian cells. Ono C, 
Ninomiya A, Yamamoto S, Abe T, Wen X, Fukuhara T, Sasai M, Yamamoto M, Saitoh T, Satoh T, Kawai T, Ishii 
KJ, Akira S, Okamoto T, Matsuura Y. J Virol. 2014 Feb;88(4):2157-67.

3. Japanese encephalitis virus core protein inhibits stress granule formation through an interaction with Caprin-1 and 
facilitates viral propagation. Katoh H, Okamoto T, Fukuhara T, Kambara H, Morita E, Mori Y, Kamitani W, 
Matsuura Y. J Virol. 2013 Jan;87(1):489-502.

4. Expression of microRNA miR-122 facilitates an efficient replication in nonhepatic cells upon infection with hepatitis 
C virus. Fukuhara T, Kambara H, Shiokawa M, Ono C, Katoh H, Morita E, Okuzaki D, Maehara Y, Koike K, 
Matsuura Y. J Virol. 2012 Aug;86(15):7918-33.

5. CD44 participates in IP-10 induction in cells in which hepatitis C virus RNA is replicating, through an interaction 
with Toll-like receptor 2 and hyaluronan. Abe T, Fukuhara T, Wen X, Ninomiya A, Moriishi K, Maehara Y, 
Takeuchi O, Kawai T, Akira S, Matsuura Y. J Virol. 2012 Jun;86(11):6159-70.



Toxoplasma 
gondii

3 1

 

Toll
12 IL-12 IL-12

I I

2000
2

iNOS IDO 90

2000

A
B

C

GAP45 ROP18 ROP16

Research & Activities



A
IGTP 47kD GTPase IRG

IRG 65kD GTPase GBP IRG GBP
GBP

GBP
GBP

GBP 図 2B
GBP p47 GTPase IRG
GBP IRG

GBP IRG GBP IRG
GTPase GBP IRG

GBP IRG
Atg IRG GBP

Atg3 Atg7 Atg16L1 IRG
GBP Atg9 Atg14

IRG GBP Atg3
Atg7/Atg16L1

Atg8 LC3
Atg9 Atg14 Atg3

Atg7/Atg16L1

GBP/IRG GTPase

C
Atg3/7/16L1 GTPase

GBP IRG

2000

1. Ohshima J, Lee Y, Sasai M, Saitoh T, Ma JS, Kamiyama N, Matsuura Y, Pann-Ghill S, Hayashi M, Ebisu S, Takeda 

responses against Toxoplasma gondii. J Immunol. 2014, 192: 3328-3335.
2. Yamamoto M, Okuyama M, Ma JS, Kimura T, Kamiyama N, Saiga H, Ohshima J, Sasai M, Kayama H, Okamoto T, 

Immunity. 2012, 37:302-313.
3. Yamamoto M, Ma JS, Mueller C, Kamiyama N, Saiga H, Kubo E, Kimura T, Okamoto T, Okuyama M, Kayama H, 

Nagamune K, Takashima S, Matsuura Y, Soldati-Favre D, Takeda K. ATF6
J Exp Med. 2011, 208:1533-1546.

4. Yamamoto M, Standley DM, Takashima S, Saiga H, Okuyama M, Kayama H, Kubo E, Ito H, Takaura M, Matsuda 

J Exp Med. 2009, 206: 2747-2760.

GTPase
A B GBP
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1. Kumanogoh, A., and Kikutani H.  Immunological functions of the neuropilin and plexin as receptors for 
semaphorins. Nat Rev Immunol. 2013 Nov;13(11):802-14.

2. Tada S, Yasui T, Nakatsuji Y, Okuno T, Koda T, Mochizuki H, Sakoda S, Kikutani H.  BAFF controls neural cell 
survival through BAFF receptor. PLoS One. 2013 Jul 29;8(7):e70924.

3. Morihana T, Goya S, Mizui M, Yasui T, Prasad DV, Kumanogoh A, Tamura M, Shikina T, Maeda Y, Iwamoto Y, 
Inohara H, Kikutani H.  An inhibitory role for Sema4A in antigen-specific allergic asthma. J Clin Immunol. 2013 
Jan;33(1):200-9.

4. Yasui T, Sakakibara-Yada K, Nishimura T, Morita K, Tada S, Mosialos G, Kieff E, Kikutani H.  Protein kinase N1, 
a cell inhibitor of Akt kinase, has a central role in quality control of germinal center formation. Proc Natl Acad Sci 
U S A. 2012 Dec 18;109(51):21022-7.

5. Tada, S., Okuno T., Yasui T., Nakatsuji N., Sugimoto T., Kikutani H., and Sakoda S.  Deleterious effects of 
lymphocytes  at  the ear ly s tage of  neurodegenerat ion in an animal  model  of  amyotrophic la teral  
sclerosis. J Neuroinflammation. 2011 Feb 23;8(1):1
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1. Implication of lipid moiety in oligomerization and immunoreactivities of GPI-anchored proteins. Seong J, Wang Y, 
Kinoshita T, Maeda Y. J Lipid Res. 2013 Apr;54(4):1077-91

2. Mechanism for release of alkaline phosphatase caused by glycosylphosphatidylinositol deficiency in patients with 
hyperphosphatasia mental retardation syndrome. Murakami Y, Kanzawa N, Saito K, Krawitz PM, Mundlos S, 
Robinson PN, Karadimitris A, Maeda Y, Kinoshita T. J Biol Chem. 2012 Feb 24;287(9):6318-25.

3. Sorting of GPI-anchored proteins into ER exit sites by p24 proteins is dependent on remodeled GPI. Fujita M, 
Watanabe R, Jaensch N, Romanova-Michaelides M, Satoh T, Kato M, Riezman H, Yamaguchi Y, Maeda Y, 
Kinoshita T. J Cell Biol. 2011 Jul 11;194(1):61-75.

4. Peroxisome dependency of alkyl-containing GPI-anchor biosynthesis in the endoplasmic reticulum. Kanzawa N, 
Maeda Y, Ogiso H, Murakami Y, Taguchi R, Kinoshita T. Proc Natl Acad Sci U S A. 2009 Oct 20;106(42):17711-6.

5. GPI glycan remodeling by PGAP5 regulates transport of GPI-anchored proteins from the ER to the Golgi. Fujita M, 
Maeda Y, Ra M, Yamaguchi Y, Taguchi R, Kinoshita T. Cell. 2009 Oct 16;139(2):352-65.

3 pH

pH
pH
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NLRP3 Misawa T et al., Nat Immunol, 2013
NLRP3

ASC NLRP3
NLRP3

NAD+ NAD+

SIRT2
SIRT2

NLRP3 ASC
NLRP3

NLRP3 ASC
NLRP3

NLRP3 ASC
NLRP3

2 RNA D

T
RNA 2 RNA dsRNA Poly IC

Poly IC
Zou J et al., Immunity, 2013 dsRNA RIG-I-like 

receptors IPS-1
Cathepsin D Poly I:C

1. NLRP3



Cathepsin D Cathepsin D IPS-1
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Poly IC
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M1 M2 2 M1
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Satoh T et al., Nature, 2013 Trib1
COP1

Trib1 Trib1
M2 M2 Trib1

C/EBP Trib1

M2
Trib1

Trib1 C/EBP
M2

1. Uehata T, Iwasaki H, Vandenbon A, Matsushita K, Hernandez-Cuellar E, Kuniyoshi K, Satoh T, Mino T, Suzuki Y, 
Standley DM, Tsujimura T, Rakugi H, Isaka Y, Takeuchi O, Akira S. Malt1-induced cleavage of regnase-1 in CD4
(+) helper T cells regulates immune activation. Cell. 2013 May 23;153(5):1036-49. 

2. Misawa T, Takahama M, Kozaki T, Lee H, Zou J, Saitoh T, Akira S. Microtubule-driven spatial arrangement of 
mitochondria promotes activation of the NLRP3 inflammasome. Nat Immunol. 2013 May;14(5):454-60. 

3. Zou J, Kawai T, Tsuchida T, Kozaki T, Tanaka H, Shin KS, Kumar H, Akira S. Poly IC triggers a cathepsin D- and 
IPS-1-dependent pathway to enhance cytokine production and mediate dendritic cell necroptosis. Immunity. 2013 
Apr 18;38(4):717-28.

4. Satoh T, Kidoya H, Naito H, Yamamoto M, Takemura N, Nakagawa K, Yoshioka Y, Morii E, Takakura N, Takeuchi 
O, Akira S. Critical role of Trib1 in differentiation of tissue-resident M2-like macrophages. Nature. 2013 Mar 
28;495(7442):524-8. 

5. Maruyama K, Fukasaka M, Vandenbon A, Saitoh T, Kawasaki T, Kondo T, Yokoyama KK, Kidoya H, Takakura N, 
Standley D, Takeuchi O, Akira S. The transcription factor Jdp2 controls bone homeostasis and antibacterial 
immunity by regulating osteoclast and neutrophil differentiation. Immunity. 2012 Dec 14;37(6):1024-36.

2. Poly IC

3. M2
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HB-EGF

　HB-EGF EGF EGFR ErbB4 HB-EGF
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HB-EGF

HSPGs
HB-EGF HB-EGF
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(Iwamoto et al, 2010)



HB-EGF HB-EGF CRM197

30 20

1. Moribe H, Konakawa R, Koga D, Ushiki T, Nakamura K, Mekada E. Tetraspanin is required for generation of 
reactive oxygen species by the dual oxidase system in Caenorhabditis elegans. PLoS Genet. 2012 Sep;8
(9):e1002957. 

2. Miyamoto S, Iwamoto R, Furuya A, Takahashi K, Sasaki Y, Ando H, Yotsumoto F, Yoneda T, Hamaoka M, Yagi H, 
Murakami T, Hori S, Shitara K, Mekada E. A novel anti-human HB-EGF monoclonal antibody with multiple 
anti-tumor mechanisms against ovarian cancer cells. Clin Cancer Res. 2011 Nov 1;17(21):6733-41.

3. Murata T, Mizushima H, Chinen I, Moribe H, Yagi S, Hoffman RM, Kimura T, Yoshino K, Ueda Y, Enomoto T, 
Mekada E. HB-EGF and PDGF mediate reciprocal interactions of carcinoma cells with cancer-associated fibroblasts 
to support progression of uterine cervical cancers. Cancer Res. 2011 Nov 1;71(21):6633-42.

4. Iwamoto R, Mine N, Kawaguchi T, Minami S, Saeki K, Mekada E. HB-EGF function in cardiac valve development 
requires interaction with heparan sulfate proteoglycans. Development. 2010 Jul;137(13):2205-14.

5. Ichise T, Adachi S, Ohishi M, Ikawa M, Okabe M, Iwamoto R, Mekada E. Humanized gene replacement in mice 
reveals the contribution of cancer stroma-derived HB-EGF to tumor growth. Cell Struct Funct. 2010;35(1):3-13.

a
b  (Murata et al, 2011)

HB-EGF( ) BK-UM
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MHC

 (Wang et al. Nat. Immunol. 
2013)

2
Siglec (MAG)

(herpes simplex virus)  
(varicella-zoster virus)

 
(Satoh et al. Cell 2008; Suenaga et al. Proc. Natl. Acad. Sci. USA. 2010)



(Major Histocompatibility Complex (MHC)) MHC II MHC
T T

MHC
MHC II

MHC II
MHC II

MHC II
MHC II

1. Autoantibodies to IgG/HLA-DR complexes are associated with rheumatoid arthritis susceptibility.
 Jin H, Arase N, Hirayasu K, Kohyama M, Suenaga T, Saito F, Tanimura K, Matsuoka S, Ebina K, Shi K, 

Toyama-Sorimachi N, Yasuda S, Horita T, Hiwa R, Takasugi K, Ohmura K, Yoshikawa H, Saito T, Atsumi T, 
Sasazuki T, Katayama I, Lanier LL, Arase H. Proc Natl Acad Sci USA. 2014 Mar 111(10): 3787-92.

2. Herpesvirus 6 Glycoproteins B (gB), gH, gL and gQ are Necessary and Sufficient for Cell-to-Cell Fusion.
 Tanaka Y, Suenaga T, Matsumoto M, Seya T, Arase H. J Virol. 2013 Oct; 87 (19): 10900-3. 
3. Transport of misfolded endoplasmic reticulum proteins to the cell surface by MHC class II molecules.
 Jiang Y, Arase N, Kohyama M, Hirayasu K, Suenaga T, Jin H, Matsumoto M, Shida K, Lanier LL, Saito T, Arase H.  

Int Immunol. 2013 Apr; 25(4): 235-46. 

 Wang J, Shiratori I, Uehori J, Ikawa M, Arase H. Nat Immunol. 2013 Jan; 14(1): 34-40. 
5. Myelin-associated glycoprotein mediates membrane fusion and entry of neurotropic herpesviruses. Suenaga T, Satoh 

T, Somboonthum P, Kawaguchi Y, Mori Y, and Arase H. Proc Natl Acad Sci USA. 2010 Jan 12;107(2):866-71.

II
MHC II MHC II

 (Jiang et al. Int. Immunol. 2013)
 (Jin et al. Proc. Natl. Acad. Sci. USA. 2014)
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Yabuta et al., J. Biol. Chem., 2007 ❸Lats1
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P-body Okada et al., J. Cell Sci., 2011 ❺
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Yabuta et al., Cell Cycle, 2011

❼Lats2 ASPP1-p53
Aylon et al., Genes Dev., 2010 Snail

EMT Zhang et al., EMBO J., 
2012
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GAK

GAK
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5 5 ❷GAK M
M

Shimizu et al., J. Cell Sci., 
2009 ❸GAK KO
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Tabara et al., PLoS One, 
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DNA DNA H2AX

3 7
DNA Cyclin G2 PP2A H2AX

DNA

1. Shao D, Zhai P, Del Re DP, Sciarretta S, Yabuta N, Nojima H, Lim DS, Pan D, Sadoshima J. A functional 
interaction between Hippo-YAP signalling and FoxO1 mediates the oxidative stress response. Nat Commun. 2014 
Feb 14;5:3315.

2. Suzuki H, Yabuta N, Okada N, Torigata K, Aylon Y, Oren M, Nojima H. Lats2 phosphorylates p21/CDKN1A after 
UV irradiation and regulates apoptosis. J Cell Sci. 2013 Oct 1;126(Pt 19):4358-68.

3. Naito Y, Yabuta N, Sato J, Ohno S, Sakata M, Kasama T, Ikawa M, Nojima H. Recruitment of cyclin G2 to 

radiation. Cell Cycle. 2013 Jun 1;12(11):1773-84.
4. Yabuta N, Mukai S, Okamoto A, Okuzaki D, Suzuki H, Torigata K, Yoshida K, Okada N, Miura D, Ito A, Ikawa M, 

Okabe M, Nojima H. N-terminal truncation of Lats1 causes abnormal cell growth control and chromosomal 
instability. J Cell Sci. 2013 Jan 15;126(Pt 2):508-20.

5. Naito Y, Shimizu H, Kasama T, Sato J, Tabara H, Okamoto A, Yabuta N, Nojima H. Cyclin G-associated kinase 
Cell Cycle. 2012 Feb 1;11(3):604-16.

5 GAK T104

6 GAK 7 Cyclin G2 IR
H2AX

24h, 32h
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c-Src
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III. 
c-Src

p18
p18 p14/MP1

mTORC1

p18 KO

p18
p18-mTORC1

p18-mTORC1
Src

1 : Nada S, Mori S, Takahashi Y, Okada M. p18/LAMTOR1: a late endosome/lysosome-specific anchor protein for the 
mTORC1/MAPK signaling pathway. Methods Enzymol. 2014;535:249-63

2 : Soma-Nagae T, Nada S, Kitagawa M, Takahashi Y, Mori S, Oneyama C, Okada M. The lysosomal signaling anchor 
p18/LAMTOR1 controls epidermal development by regulating lysosome-mediated catabolic processes. J Cell Sci. 
2013 Aug 15;126(Pt 16):3575-84.

3 : Kajiwara K, Yamada T, Bamba T, Fukusaki E, Imamoto F, Okada M, Oneyama C. c-Src-induced activation of 
ceramide metabolism impairs membrane microdomains and promotes malignant progression by facilitating the 
translocation of c-Src to focal adhesions. Biochem J. 2014 Feb 15;458(1):81-93

4 : Oneyama C, Ikeda J, Okuzaki D, Suzuki K, Kanou T, Shintani Y, Morii E, Okumura M, Aozasa K, Okada M. 
MicroRNA-mediated downregulation of mTOR/FGFR3 controls tumor growth induced by Src-related oncogenic 
pathways. Oncogene. 2011 Aug 11;30(32):3489-501.

5 : Oneyama C, Hikita T, Enya K, Dobenecker MW, Saito K, Nada S, Tarakhovsky A, Okada M. The lipid raft-anchored 
adaptor protein Cbp controls the oncogenic potential of c-Src. Mol Cell. 2008 May 23;30(4):426-36. 

p18
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. 
(Tie1, Tie2 )

ephrinB2/EphB4 apelin/APJ

. 

DNA GINS Galectin-3

 (MC) angiopoietin-1 Ang1
— Takakura, Immunity 1998

 (HSC) Ang1 Takakura, Cell 2000
Yamada, J Exp Med 2006 Tie2 apelin

(Kidoya, EMBO J 2008, Blood 2000) apelin
Kidoya, Oncogene 2012



1.  CD44 expressed on cancer-associated fibroblasts is a functional molecule supporting the stemness and drug 
resistance of malignant cancer cells in the tumor microenvironment. Kinugasa Y, Matsui T, Takakura N. Stem Cells. 
2014 Jan;32(1):145-56.

2.  microRNA-125b inhibits tube formation of blood vessels through translational suppression of VE-cadherin. 
Muramatsu F, Kidoya H, Naito H, Sakimoto S, Takakura N. Oncogene. 2013 Jan 24;32(4):414-21.

3.  A role for endothelial cells in promoting the maturation of astrocytes through the apelin/APJ system in mice. 
Sakimoto S, Kidoya H, Naito H, Kamei M, Sakaguchi H, Goda N, Fukamizu A, Nishida K, Takakura N. 
Development. 2012 Apr;139(7):1327-35.

4.  Identification and characterization of a resident vascular stem/progenitor cell population in preexisting blood vessels. 
Naito H, Kidoya H, Sakimoto S, Wakabayashi T, Takakura N. EMBO J. 2012 Feb 15;31(4):842-55.

5.  The apelin/APJ system induces maturation of the tumor vasculature and improves the efficiency of immune therapy. 
Kidoya H, Kunii N, Naito H, Muramatsu F, Okamoto Y, Nakayama T, Takakura N. Oncogene. 2012 Jul 5;31
(27):3254-64.

tip stalk
phalanx

 (Naito, 
EMBO J 2012)

DNA PSF1
CSC (Nagahama, Cancer Res 

2010) CSC
 (Matsui, Am J pathol 2013)

CD44
Kinugasa, Stem Cells 2014



(1) 
(2) 

Wnt
NRX: nucleoredoxin NRX Wnt Dishevelled Dvl

NRX-Dvl NRX S–S
NRX Wnt

S–S
S–S CRMP2

CRMP2 S–S
CRMP2 Fig. 1

Fig. 1: CRMP2 oxidation in Semaphorin signaling
(A) Repulsive guidance of axons by Semaphorin 3A (Sema3A). (B) Increase of H2O2 in growth cones of neurons by Sema3A. (C) 
Schematic illustration of the mechanism of Semaphorin signaling via CRMP2 oxidation. Sema3A stimulation generates H2O2 and oxidizes 
CRMP2. Oxidized CRMP2 transiently forms protein complexes with TRX, which induces CRMP2 phosphorylation by GSK3. 
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Fig. 2: Redox regulation of the intracellular Mg2+ level by MagEx
(A) MagEx stimulates Na+/Mg2+-exchange and decreases the intracellular Mg2+ level. PRL directly binds to MagEx and inhibits its 
Mg2+-transporting function in a manner dependent on its redox state. Oxidized PRL is reversibly reduced by S–S bond-reducing enzymes, 
such as Trx and Trp32. (B) Localization of endogenous MagEx at the basolateral membrane of the epithelial cells in the intestine.
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1. Protective epitopes of the Plasmodium falciparum SERA5 malaria vaccine reside in intrinsically unstructured 
N-terminal repetitive sequence. Yagi M, Bang G, Tougan T, Palacpac NMQ, Arisue N, Aoshi T, Matsumoto Y, Ishii 
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Nakamura M, Hirayama K, Mita T, Horii T. Vaccine. 2012 Feb 21;30(9):1583-93.

5. The Plasmodium apicoplast genome: conserved structure and close relationship of P. ovale to rodent malaria 
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