5373
REEEL B PVE eaiEn | #% | ~—v | g
(ITENTER |
Yoshino N, Kanekiyo M, Mucosal administration of Scand J 68(5) |476- 2008
Hagiwara Y, Okamura T, completely non-replicative Immunol 483
Someya K, Matsuo K, Ami | vaccinia virus recombinant Dairen
Y, Sato S, Yamamoto N, 1 strain elicits effective mucosal
Honda M. and systemic immunity.
Dewan MZ, Takamatsu N, Critical role of TSLC1 expression | J Virol 82(23) | 11958- | 2008
Hidaka T, Hatakeyama K, in the growth and 11963
Nakahata S, Fujisawa J, organ-infiltration of adult T-cell
Katano H, Yamamoto N, leukemia cells in vivo.
Morishita K.
Tanaka T, Tsutsumi H, Structure-activity relationship Org Biomol | 6(23) | 4374- 2008
Nomura W, Tanabe Y, study of CXCR4 antagonists Chem 4377
Ohashi N, Esaka A, Ochiai | bearing the cyclic pentapeptide
C, Sato J,Itotani K, scaffold: identification of the new
Murakami T, Ohba K, pharmacophore.
Yamamoto N, Fujii N,
Tamamura H.
Saitoh T, Fujita N, Jang Loss of Atgl6L1, an autophagy Nature 456 264- 2008
MH, Uematsu S, Yang BG, | regulator, enhances (7219) | 268
Satoh T, Omori H, Noda T, | endotoxin-induced IL-1p
Yamamoto N, Komatsu M, | production
Tanaka K, Kawai T,
Tsujimura T, Takeuchi O,
Yoshimori T, Akira S.
Yajima M, Imadome K1, A new humanized mouse model of | J Infect Dis 198(5) | 673- 2008
Nakagawa A, Watanabe S, | Epstein-Barr virus infection that 682
Terashima K, Nakamura H, | reproduces persistent infection,
Ito M, Shimizu N, Honda lymphoproliferative disorder, and
M, Yamamoto N, Fujiwara | cell-mediated and humoral
S. immune responses.
Haga S, Yamamoto N, Modulation of Proc Natl 105 7809- 2008
Nakai-Murakami C, Osawa | TNF-alpha-converting enzyme by | Acad Sci (22) 7814
Y, Tokunaga K, Sata T, the spike protein of SARS-CoV USA
Yamamoto N, Sasazuki T, and ACE2 induces TNF-alpha
Ishizaka Y. production and facilitates viral
entry.
Kubo Y, Yoshii H, Ezrin, Radixin, and Moesin Virology 375(1) | 130- 2008
Kamiyama H, Tominaga C, | (ERM) proteins function as 140
Tanaka Y, Sato H, pleiotropic regulators of human
Yamamoto N. immunodeficiency virus type |
infection.




]
.

REREXA X571 bt REED | B | -2 | HIEE
Saitoh Y, Yamamoto N, Overexpressed Blood 11 5118- 2008
Dewan MZ, Sugimoto H, NF-kappaB-inducing kinase (10) 5129
Martinez Bruyn VJ, Iwasaki | contributes to the tumorigenesis of
Y, Matsubara K, Qi X, adult T-cell leukemia and Hodgkin
Saitoh T, Imoto I, Inazawa | Reed-Sternberg cells.
J, Utsunomiya A, Watanabe
T, Masuda T, Yamamoto N,
Yamaoka S,
Takahashi Y, Tanaka R, Enhancement of OX40-Induced AIDS Res 24(3) | 423- 2008
Yamamoto N, Tanaka Y. Apoptosis by TNF Coactivation in | Hum 435
0X40-Expressing T Cell Lines in | Retroviruses
Vitro Leading to Decreased
Targets for HIV Type 1
Production.
Urano E, Shimizu S, Cyclin K/CPR4 inhibits primate AIDS 22(9) | 1081- 2008
Futahashi Y, Hamatake M, | lentiviral replication by 1083
Morikawa Y, Takahashi N, | inactivating Tat/positive
Fukazawa H, Yamamoto N, | transcription elongation factor
Komano J. b-dependent long terminal repeat
transcription.
Terunuma H, Deng X, Potential role of NK cells in the International | 27(3) | 93-110 | 2008
Dewan MZ, Fujimoto S, induction of immune responses: Reviews of
Yamamoto N. Implications for NK cell-based Immunology
immunotherapy for cancers and
viral infections.
Okuma K, Tanaka R, Ogura | Interleukin-4-Transgenic J Infect Dis 197(1) | 134- 2008
T, Ito M, Kumakura S, hu-PBL-SCID Mice: A Model for 141
Yanaka M, Nishizawa M, the Screening of Antiviral Drugs
Sugiura W, Yamamoto N, and Immunotherapeutic Agents
Tanaka Y. against X4 HIV-1 Viruses.
Sugimoto C, Nakayama EE, | Impact of glycosylation on J Gen Virol | 89 554- 2008
Shioda T, Villinger F, Ansari | antigenicity of simian (Pt2) | 566
AA, Yamamoto N, Suzuki immunodeficiency virus SIV239:
Y, Nagai Y, Mori K. induction of rapid V1/V2-specific
non-neutralizing antibody and
delayed neutralizing antibody
following infection with an
attenuated deglycosylated mutant.
Ryo A, Tsurutani N, Ohba SOCS] is an inducible host factor | Proc Natl 105 294- 2008
K, Kimura R, Komano J, during HIV-1 infection and Acad Sci 299
Nishi M, Soeda H, Hattori regulates the intracellular USA

S, Perrem K, Yamamoto M,
Chiba J, Mimaya JI,
Yoshimura K, Matsushita S,
Honda M, Yoshimura A,
Sawasaki T, Aoki [,
Morikawa Y, Yamamoto N.

trafficking and stability of HIV-1
Gag.




Shingo Inoue, Misako
Yoneda, Shoji Yokochi,
Ryoichi Kase, Satoshi
Sekiguchi, Kouichi Morita,
Tsunekazu Hishima,
Hidenori Suzuki, Katsuo
Karamatsu, Yasuhiro
Yasutomi, Hisatoshi Shida,
Minoru Kidokoro, Kyosuke
Mizuno, Kouji Matsushima,
Michinori Kohara

causes severe pneumonia in mice
infected with SARS-CoV.

REHLS BXE1 MV | s | 85 |~~~ | e
GREF T
Seki S, Kawada M, Takeda | Transmission of simian 1 Virol ]2 5093- 2008
A, lgarashi H, Sata T, |immunodeficiency virus carrying 5008
Matano T multiple cytotoxic-T-lymphocyte
escape mutations with diminished
replicative ability can result in
AIDS progression in rhesus
macaques.
Tsukamoto T, Dohki S, Determination of a major AIDS 22 993 2008
Ueno T, Kawada M, Takeda | histocompatibility complex class | 994
A, Yasunami M, Naruse T, restricting simian
Kimura A, Takiguchi M, immunodeficiency virus
Matano T Gag241-249 epitope.
Moriya C, Horiba S, Inoue | Antigen-specific T-cell induction | Biochem 371 850- 2008
M, lida A, Hara H, Shu T, by vaccination with a recombinant )
Hasegawa M, Matano T Sendai virus vector even in the Biophys Red &34
presence of vector-specific Commun
neutralizing antibodies in rhesus
macaques.
Kawada M, Tsukamoto T, Gag-specific cytotoxic T J Virol 82 10199- | 2008
Yamamoto H, Iwamoto N, lymphocyte-based control of {6006
Kurihara K, Takeda A, primary simian immunodeficiency
Moriya C, Takeuchi H, virus replication in a vaccine trial.
Akari H, Matano T
Takeda A, Igarashi H, Evaluation of the immunogenicity | Vaccine 26 6839- 2008
Kawada M, Tsukamoto T, of replication-competent g3
Yamamoto H, Inoue M, lida | V-knocked-out and
A, Shu T, Hasegawa M, replication-defective F-deleted
Matano T Sendai virus vector-based vaccines
in macaques.
A H W% T
Takashi Ohashi, Mika Activation and Detection of Retrovirology | 5 90 2008
Nagai, Hiroyuki Okada, Ryo | HTLV-1 Tax-specific CTLs by
Takayanagi and Hisatoshi Epitope expressing Single-Chain
Shida Trimers of MHC Class | in a rat
model.
Fumihiko Yasui, Chieko Prior immunization with J Immunol 181 6337- 2008
Kai,Masahiro Kitabatake, SARS-CoV nucleocapsid protein 6348




REHRD

WY1 b

ReceptorCXCR4 Antagonists.

Discovery

Hajime Suzuki, Minoru Immunogenicity of newly Vaccine in press 2009
Kidokoro, Ismael Ben constructed attenuated vaccinia
Fofana, Takashi Ohashi, strain LC16m8A that expresses
Tomotaka Okamura, SIV Gag protein.
Kazuhiro Matsuo, Nacki
Yamamoto, Hisatoshi Shida
HEaEH=
Takahashi, Y., Misumi, S., Nonhuman primate intestinal Biochem 368 501- 2008
Muneoka, A., Masuyama, villous M-like cells: An effective | Biophys Res 507
M., Tokado, H., Fukuzaki, poliovirus entry site. Commun
K., Takamune, N., and
Shoji, S.
Misumi S, Eto A, Development of cell-expressed Biochem 377 617- 2008
Mitsumata R, Yamada M, and virion-incorporated Biophys Res 621
Takamune N, Shoji S. CCR5-targeted vaccine. Commun
Takamune N, Gota K, HIV-1 production is specifically Microbes 10 143- 2008
Misumi S, Tanaka K, associated with human NMT]1 Infect 150
Okinaka S, and Shoji S. long form in human NMT
isozymes
Endo E, Inatsu A., Human immunodeficiency Curr HIV 6 34-42 | 2008
Hashimoto K., Takamune N, | virus-induced apoptosis of human | Res
Shoji S. and Misumi S. breast cancer cells via CXCR4 is
mediated by the viral envelope
protein but does not require CD4
E#Em
A Kasiyanov, N. Fujii, H. Modulation of Network-driven, Developmental| 30(4) | 285- 2008
Tamamura & H. Xiong. GABA-mediated Giant Neuroscience 292
Depolarizing Potentials by SDF-1
in Developing Hippocampus.
W.H.P. Driessen, H. Development of Peptide-targeted | Mol Ther 16(3) | 516- 2008
Tamamura, et al. Lipoplexes to CXCR4-expressing 524
Rat Glioma Cells and Rat
Proliferating Endothelial Cells.
H. Tamamura, et al. Exploratory Studies on Perspectives | 2 1-9 2008
Development of the Chemokine in Medicinal
Receptor CXCR4 Antagonists Chemistry
toward Downsizing.
H. Nakata, H. Tamamura, et | Potent Synergistic Anti-Human Antimicrob 52(6) | 2111- 2008
al. Immunodeficiency Virus (HIV) Agents 2119
Effects Using Combinations of the | Chemother
CCRS Inhibitor Aplaviroc with
Other Anti-HIV Drugs.
H. Tamamura, et al. A Future Perspective on the Expert Opin | 3(10) | 1155- 2008
Development of Chemokine Drug 1166




RERHEKH WXZ1 FILA RERS | &5 | A= | HEE

W. Nomura, H. Tamamura. | Fluorophore Labeling Enables Bioconjugate | 19 1917- 2008
etal. Imaging and Evaluation of Chem 1920

Specific CXCR4-Ligand

Interaction at the Cell Membrane

for Fluorescence-Based Screening.
T. Tanaka, H. Tamamura, et | Structure-activity Relationship Org Biomol | 6(23) |4374- 2008
al. Study of CXCR4 Antagonists Chem 4377

Bearing the Cyclic Pentapeptide

Scaffold: Identification of the New

Pharmacophore.
F. Mizukoshi, H. Tamamura, | Inhibitory Effect of Newly J Vet Med 71(1) | 121- 2009
etal. Developed CXC-Chemokine Sci 124

Receptor 4 Antagonists on the

Infection with Feline

Immunodeficiency Virus.
R
Sugimoto, C., Nakayama E. | Impact of glycosylation on J Gen Virol | 89 554- 2008
E., Shioda T., Villinger, F., antigenicity of simian 566
Ansari, A.A., Yamamoto N,, | immunodeficiency virus SIV239:
Suzuki Y., Nagai, Y. and induction of rapid V1/V2 specific
Mori, K. non-neutralizing antibody and

delayed neutralizing antibody

following infection with an

attenuated deglycosylated Mutant,
Xing, H. Q., Mori, K., Impaired Astrocytes and Diffuse J Neuropathol | 67 600- 2008
Sugimoto, C., Ono, F., Activation of Microglia in the Exp Neurol 611
Izumo K., Kubota, R., Cerebral Cortex in Simian
lzumo, S. Immunodeficiency

Virus-InfectedMacaques Without

Simian Immunodeficiency Virus

Encephalitis.
Xing, H. Q., Moritoyo, T., Expression of proinflammatory Neuropathology| 29 13-19 2009
Mori, K., Sugimoto, C., cytokines and its relationship with
Ono, F., Izumo, S. virus infection in the brain of

macaques inoculated with

macrophage-tropic simian

immunodeficiency virus,

Neuropathology.
Onlamoon, N., Rogers, K., | Soluble PD-1 rescues the Immunology | 124 277- 2008
Mayne, A. E., proliferative response of simian 293

Pattanapanyasat, K., Mori,
K., Villinger, F., and Ansari,
AA.

immunodeficiency virus-specific
CD4 and CD8 T cells during
chronic infection.




REHEKS

WXY1 bIVA

| mzusn | 8% | ~—o | mwE

=MET

atopic dermatitis by inducing
regulatory T cells.

Fukazawa, Y., Miyake, A., | Small intestine CD4+ T-cells are ] Virol 82 6039- 2008
Tbuki, K., Inaba, K., Saito, | profoundly depleted during acute 6044
N., Motohara, M., Horiuchi, | infection of simian-human
R., Himeno, A., Matsuda, immunodeficiency virus regardless
K., Matsuyama, M., of its pathogenicity
Takahashi, H., Hayami, M.,
| lgarashi, T, and Miura, T.
Akiyama, H., Ishimatsu, M., | Construction and infection of a Microbes 10 531- 2008
Miura, T., Hayami, M., and | new simian/human Infect 539
Ido, E. immunodeficiency chimeric virus
(SHIV) containing the integrase
gene of the human
immunodeficiency virus type |
genome and analysis of its
adaptation to monkey cells.
Morita, D., Katoh, K., Trans-species activation of human | BBRC, 377, | 377 889- 2008
Harada, T., Nakagawa, Y., T cells by rhesus macaque CD1b 889-8903. 893
Matsunaga, 1., Miura, T., molecules.
Adachi, A., Igarashi, T, and
Sugita, M.
Ishikawa, M., Okada, M., Establishment of a feline J Virol 151 242- 2008
Baba, K., Shojima, T., astrocyte-derived cell line (G355-5 | Methods 248
Shimojima, M., Miura, T., cells) expressing feline CD134 and
and Miyazawa, T. a rapid quantitative assay for
T-lymphotropic feline
immunodeficiency viruses.
PR R
Okabayashi,S., Ohno,C., Congenital cystic Vet Path 45 232- 2008
Kato,M., Nakayama H., adenomatoid-like malformation in 235
Yasutomi. Y. a cynomolgus monkey (Macaca
fascicularis),
Tsuchida, J., Yoshida,Y., Maternal behavior of J AmAssoc | 47 29-34 2008
Sankai,T. and Yasutomi.Y. laboratory-born, individually Lab Anim
reared long-tailed macaques
(Macaca fascicularis),
Mori,H., Yamanaka K., Administration of Ag85B showed | Arch July 2008
Matsuo,K., Yasutomi,Y. and | therapeutic effects to Th2-type Dermatol Epub
Mizutani,H. cytokine-mediated acute phase Res




Takahashi, H., Chen, L.,
Kondo, A., Tsuji, T., Dan,
K., Ogata, K.

associated with a growth
advantage.

REHKH Xy A b g RERES | BE | X—2 | HAEE
Yasui,F., Kai,C., Prior immunization with J Immunol 181 6337- 2008
Kitabatake M., Inoue, S., SARS-CoV nucleocapsid protein 6348
Yoneda M., Yokochi,S., causes severe pneumonia in mice
Kase,R., Sekiguchi,S., infected with SARS-CoV.

Morita,K., Hishima,T.,
SuzukiH., Karamatasu K.,
Yasutomi Y., Shida,H.,
Kidokoro,M., Mizuno,K.,
Matsushima K. and
Kohara, M.
Morioka .T., Yamanaka K., | IL-4/IL-13 antagonist DNA Br J Dermatol | in press
Mori H., Omoto,Y., vaccination successfully
Tokime K., Kakeda M., suppresses Th2 type chronic
Kurokawa,l., Gabazza E., dermatitis.
Tsubura A, Yasutomi.Y. and
Mizutani, H,
Okabayashi, S., Ohno,C. Acute megakaryocytic leukemia J Comp in press
and Yasutomi,Y. (AMKL)-like disease in a Pathol
Cynomolgus monkey (Macaca
fascicularis).
ket R, R (DI F>7Zany hrOME | BARK 66 1915- | 2008
B5h, {RACHER 1921
FREEAGA, Wk, R | BOT S F O E A< R 66 1873- | 2008
R, fRENER 1878
ik A Hifh . A, BE | 7L F—HERICHT 572 | PHARMAST |8 14-21 | 2009
Be# F > Bi%E AGE
Okabayashi,S., Ohno,C., Congenital cystic Vet Path 45 232- 2008
Kato,M., Nakayama H., adenomatoid-like malformation in 235
Yasutomi, Y, a cynomolgus monkey (Macaca
fascicularis).
i 6 75 K
Wakabayashi A, Nakagawa | Suppression of Already J Immunol 180 4000- 2008
Y., Shimizu M., Moriya K., | Established Tumor Growing 4010
Nishiyama Y., Takahashi H. | through Activated Mucosal CTLs
Induced by Oral Administration of
Tumor Antigen with Cholera
Toxin.
Fukazawa, Y., Miyake, A., | Small intestine CD4+ T cells are J Virol 82 6039- 2008
Ibuki, K., Inaba, K., Saito, | profoundly depleted during acute 6044
N., Motohara, M., Horiuchi, | simian-human immunodeficiency
R., Himeno, A., Matsuda, virus infection, regardless of viral
K., Matsuyama, M., pathogenicity
Takahashi, H., Hayami, M.,
| Igarashi, T., Miura, T.
Yamashita, T., Tamura, H., | Functional B7.2 and B7-H2 Clin Cancer | 15 770- 2009
Satoh, C., Shinya, E., molecules on myeloma cells are Res 777




REEKSL BLYA BIA REESR | B | A= | HEE
Higuchi, T., Shimizu, M., A possible mechanism of Cancer in press 2009
Owaki, A., Takahashi, M., intravesical BCG therapy for Immunol
Shinya, E., Nishimura, T., human bladder carcinoma: Immunother
Takahashi, H. involvement of innate effector
cells for the inhibition of tumor
growth.

Mg <A, HEEE R LS CD8+T Ml |EEIR % 4& - |49 223- 2008
7R b= AFRORRENE. FLIF— 238

il
EHHTT, MIBFEE R & 598 - HRAETEA S AHEEHEtER |4 373- 2008
SR 380

HEEE HIV {2349 28580 - Mlatk %l | E 42 72-76 | 2008
D ).

HEEE HIV BRBIC BT 2820 Mk 70> |18 45-51 | 2008
D& T47

L HIV: E b REFR T I A | RBES 26 157- 2008
% & fHkH R 163

dh s E HABERKERMAEDS - G&EFE | TTINA 58 232- 2008
allk J3. 234

il ik PHEOREER : #IRB LI | gEHEE 33 285- 2009
BfEE L7 I8 o f g & i ol 290
2F31

EHEEE BCG [Z X ZHARGOEEL | WwREBAF | HIRIH 2009

ot e MfaH % (CTL) OFE S8 | BEEKBEE | Rk 2009
R . T

HEEE TUNF—HRBIIBUTS585% | AR | BRI 2009
DIERBIFIcMT 52 -£R FoME

M OERE

Yoshino N, Kanekiyo M, Mucosal administration of Scand J 68(5) | 476- 2008

Hagiwara Y, Okamura T, completely non-replicative Immunol 483

Someya K, Matsuo K, Ami
Y. Sato S, Yamamoto N,
Honda M.

vaccinia virus recombinant Dairen
I strain elicits effective mucosal
and systemic immunity,




V. HARROTIITY - BRI (3&#%)




Jourwar ofF Viroroay, Dec. 2008, p. 11958-11963
022-538X08S08.00+0  doi: 1011 28TV1.01149-08

Vol. 82, No. 23

Copyright © 2008, American Society for Microbiology. All Rights Reserved.

NOTES

Critical Role for TSLC1 Expression in the Growth and Organ
Infiltration of Adult T-Cell Leukemia Cells In Vivo®
M. Zahidunnabi Dewan,'%¥ Naofumi Takamatsu,” Tomonori Hidaka,* I(inta Hatakeyama,®

Shingo Nakahata,” Jun- ichi Fujisawa,” Harutaka Kmano
Naoki Yamamoto,'* and Kazuhiro Morishita™*

M;.-xrmmm aof Molecular Virology, Graduate School, Tokyo Medical and Denal University, 1-5-45 Yushima, Bunkyo-ku, Tokvo 113-8519,

Japan';

AIDS Research Center, National Institute of Infectious Dm.'u\e 1-23-1 Toyama, Shinjuku-ku, Tokyo 162-8640, Japan®:

Department of Medical Sciences,” Deparnment of Intemal Medicine,* and Department of Pathology,” Faculty of Medicine,
University of Mivazaki, Kiyoaake, Mivazaki, Japan; Deparament of Microbiology, Kansai Medical University, Monguchi,
Osaka, Japan"; and qumnmr of Pathology, National Instinae of frijfn."xm Diseases, 1-23-1 Toyama,

Shinjuku-lae, Te

) 162-8640, Japan’

Received 2 June 2008/Accepted 15 Seplember 2008

Adult T-cell leukemia (ATL) is associated with human T-cell leukemia virus type | infection. The tumor
suppressor lung cancer 1 (TSLC1) gene was previously identified as a novel cell surface marker for ATL, and
this study demonstrated the involvement of TSLC1 expression in tumor growth and organ infiltration of ATL
cells. In experiments using NOD/SCID/yc™" mice, both leukemia cell lines and primary ATL cells with high
TSLC1 expression caused more tumor formation and aggressive infiltration of various organs of mice. Our
results suggest that TSLC1 expression in ATL cells plays an important role in the growth and organ infiltration

of ATL cells.

Human T-cell leukemia virus type | (HTLV-1) is the caus-
ative agent of an aggressive form of CD4" T-cell leukemia
termed adult T-cell leukemia (ATL) (7, 14, 18). Carriers of
HTLV-1 have been identified in a number of locations
throughout the world, including parts of Africa; Papua New
Guinea; specific regions in Europe including Romania; parts ol
South America including northern Brazil, Peru, northern
Argentina, and Colombia: and the southern part of Kyushu
in Japan (17). Common findings in patients with ATL in-
clude enlargement of peripheral lymph nodes, hepatomeg-
aly, splenomegaly. skin infiltration, and hypercalcemia. The
Tax gene is a unique viral gene thought to play a central role in
HTLV-Il-induced transformation, It is responsible for transac-
tivation of the HTLV-1 long terminal repeat (5, 16) and nu-
merous cellular genes involved in T-cell activation and growth,
including those encoding interleukin-2 (IL-2) (11) and the @
chain of IL-2 receptor (IL-2Ra) (CD25, Tac) (1. 2). The long
latency of ATL development suggests that multiple genetic
events accumulate in HTLV-I-infected cells; however, the pre-
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cise molecular mechanisms of ATL leukemogenesis following
HTLV-1 infection have not been fully elucidated.

The tumor suppressor lung cancer | gene (TSLCI) at
chromosome 11g23 has been identified as a tumor suppres-
sor gene in non-small-cell lung cancer (9, 13). In contrast, it
was recently found to be highly and ectopically expressed in
acute-type ATL cells, most ATL cell lines, and HTLV-I-
infected T-cell lines (15). Enforced expression of TSLCI in
ATL-derived ED-40515(—) cells resulted in higher aggrega-
tions and binding abilities in a human umbilical vein endothe-
lial cell line (HUVEC). These results suggest that TSLCI
might contribute to tumor growth by enhancing aggregation
after infiltration and migration outside blood vessels. Since the
role of TSLC! overexpression in the course of tumor growth
and organ infiltration of ATL cells remains to be fully eluci-
dated, we investigated the direct involvement of TSLCI in the
growth and infiltration of leukemia cells using C5TBI/6J and
NOD-SCID/ye™" (NOG) mice (4, 8).

In order to analyze the tumorigenicity of TSLCI expression
in leukemia cells, a murine IL-2-independent T-lymphoma cell
line (EL4) injected into the intraperitoneum of syngeneic
C57BL/6J mice was used as a model for ATL. EL4 cells were
transfected with a pecDNA3J expression plasmid containing
TSLCI, and transformant cells were selected by a limiting-
dilution method in the presence of G-418. We also used EL4
cells expressing a green fluorescent protein-Tax fusion protein
(EL4/GAX) (6) and parental EL4 (EL4/p) as a control. Ex-
pression of Tax protein in EL4 cells, a 38-kDa band of Tax
protein in HUT102 cells, and a 64-kDa band of green fluores-
cent protein-Tax fusion protein in ELA/GAX cells were all
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FIG. 1. Transplantation of EL4 T-cell lymphoma cells expressing TSLC1 shortened the life span of syngeneic mice, (A) Expression of Tax
protein in HUT102, EL4, EL4/GAX, and EL4/TSLCI cells was detected by Western blot analysis. Expression of f-actin protein (ACTB) was
used as a loading control, (B) Expression of TSLCI protein in KK1, EL4, EL4/GAX, and EL4/TSLC1 cells was detected by Western blot
analysis. Expression of B-actin protein (ACTB) was used as a loading control. (C) Cell numbers in a growth curve are shown lor an average
of three independent counts, and standard deviations are indicated as error bars. (D) Survival curves of C57BL/6 mice inoculated in the
abdominal cavity with EL4, EL4/GAX, or EL4/TSLCI cells. Cumulative survival rates were calculated by the Kaplan-Meier method and
compared using a log-rank test. (E) Liver sections from all mice were stained with hematoxylin-eosin. The regions of liver metastasis (arrow)
were seen in liver sections from mice inoculated with EL4/TSLCI cells but not shown in the liver sections from the mice inoculated with ELA
or EL4/GAX cells. Magnification, X 100; bars, 400 um
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FIG. 2. Involvement of TSLC1 expression in tumor growth and infiltration of leukemia cells in NOG mice. (A) Expression of TSLCL in
KKI1, ED-40515( - ), EDVNeo, or ED/TSLC1 cell lines was detected by Western blot analysis. Expression of B-actin protein (ACTB) was used
as a loading control. (B) Cell growth curves of ED-40515(~ ), ED/Neo, and ED/TSLC1 cell lines are shown for an average of three
independent counts, and standard deviations are indicated as error bars. (C) Tumor volumes of mice inoculated subcutaneously with
ED/TSLCI, ED/Neo, or ED-40515( ) cells after 21 days are shown as the means = standard errors of the means for five mice in each group
Statistical analysis was done with a Student 1 test. (D and E) The pictures shown were derived from gross pholographs of the sacrificed mice
at | month after intravenous inoculation of ED/Neo (D) or ED/TSLCI (E) cells. (F) Immunohistochemical staining for TSLCI protein in
liver metastases of the mice inoculated intravenously with ED/TSLCI cells is shown. An arrow indicates a tumor mass with strong staining
with a rabbit anti-TSLC1 amibody; however, the same mass shows no staining with rabbit immunoglobulin (Ig) as a negative control.
Magnification, X 1(K); bars, 400 pm,
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TABLE 1. Invasion scores of mice inoculated with ED/Neo or ED/TSLCI cells

Imvasion score for organ by observation:

Cell line and

st Mactoscopic® Microscopic®
Liver Kidney Lung Ovary Spleen Liver Kidney Lung Owary Spleen
ED/TSLCI
Ti 34 (- 1+ - 3+ 2+ 2+ =]
™ 3+ 1+ - 3+ 2+ 2+ -
13 3+ +/- 2+ - 34 = 2+ 2+
T4 34 1+ 3+ 2+ 2+ =
TS 24 2+ o 3+ = 2+ 3+
Té 3+ - #f- 1+ 3+ - N 2+
ED/Neo
NI = 24 -~ 2+ = +/ 3+
N2 +/- - . 1+ - . . 24
N3 - . - 2+ - 4= 2+
N4 : - = 1+ = - - - 2+ =
N3 = - - 1+ : ND¥ ND ND ND ND
N6 = = 1+ - ND ND ND ND ND
* Subjective invasion scores by mactoscopic observation were as follows: —, no invasion; +/—, less than 10% imvasion in the organ; 1+, 10 10 30% invasion in the
organ; 2+, 30 to 70% invasion in the organ; 3+, over 70 invasion in the organ
Subjective invasion scores by microscopic observation were as follows: ~, no invasion; +/~, less than 1% leukemia cells in the section; |+ less than 10% leukemia
cells in the section; 24, 10 10 30% leukemia cells in the section; 3+, over 30% leukemia cells in the section
“ ND. not done.

detected by Western blot analysis (Fig. 1A). Expression of a  The mice with EL4/TSLC]1 cells, however, died within 60 days,
TSLC1 protein in EL4/TSLCI cells was also shown on Western  with a median survival time of 41 days (Fig. 1D). The pheno-
blot analysis with KK 1, an ATL cell line expressing TSLCI (12)  types of the control mice and the EL4/TSLCI mice were al-
(Fig. 1B). In an in vitro cell growth assay, 2 X 10" cells were most identical with invasion of umors into various organs.
incubated, and their growth was analyzed by direct counting  Organ metastasis of tumor cells in three EL4/TSLC1-inoc-
with trypan blue dye staining. EL4 and EL4/TSLCI cells ulated mice, two EL4-inoculated mice, and one EL4/GAX-
showed nearly identical proliferation profiles in vitro, while  inoculated mouse was analyzed and evaluated with hema-
Tax-expressing EL4 cells proliferated more slowly (Fig. 1C). toxylin-eosin staining, The liver was one of the major sites of
This difference in cell growth might be caused by different metastasis in all three of the EL4/TSLCl-inoculated mice by
expression vectors. In an in vivo growth assay, 2 X 10° cells of ~ histopathological analysis but not in the two EL4-inoculated
each cell line were injected into the peritoneal cavity of  mice or the EL4/GAX-inoculated mouse (Fig. 1E). These re-
C57BL/6] mice: eight mice for ELA cells as controls, 13 mice  sults support the role of TSLCI overexpression in T-lymphoma
for EL4/TSLCI cells, and eight mice for EL4/GAX cells. Allof  cells as one of an aggressive factor in the development of
the mice died of tumor invasion of various organs with ascitic  leukemia/lymphoma.

fluids in 40 to 120 days. The median survival time of the control In order to investigate the possibility that overexpression of
mice injected with EL4 cells or EL4/GAX cells was 72 days.  TSLCI promotes tumor growth and/or infiltration in vivo,

TABLE 2 Clinical characteristics of patients and pathological findings of organ invasion”

Clinical characteristic Invasion score in NOG mice”
Fadea Age (yr)isex Di i WBC Lymphocyt Atypical Lymnh C‘Lstksll-"
na. ETOSIS m ] i
tATLw:nypﬁ (10iker) ¥ ?'-?'J c[g‘f: Liver Lung Spleen :;2 score’

1 73IM Chronic 7.8 59 47 3+ 3+ 3+ ND 3+
2 S9F Chronic 9.0 75 4 3+ 2+ 2+ 1+ 24
3 66 F Chronic 294 49 75 3+ 3+ 3+ ND 34
4 44F Chronic 26 51 45 3+ 2+ 2+ 2+ 2+
5 43F Chronic 18.6 A 43 3+ 3+ 3+ ND 2+
f S4M Acute 192.8 65 91 1+ 2+ ND ND 1+
7 SE/M Acute 67.3 7 Bl 3+ 3+ 3+ ND 2+
8 65/F Acute 294 25 ol 34 2+ ND 3+ 3+
9 HR/M Acule 30.0 79 81 34 1+ 1+ 2+ 2+
10 BiF Acute 0.2 38 51 3+ 3+ 3+ ND 3+

“ Ahbreviations: M. male: F, female; WBC, white blood cells; ND. not done.

* Subjective invasion scores were as follows: (1. no invasion; 1 4. less than 107% leukemia cells in the section: 2+, 10 to 30% leukemia cells in the section; 3+, over
0% leukemia cells in the section,

* Subgective scores of TSLOT expression in pathological | aining were as foll . no ing: | =, faint staining in less than 10% of invasive leukemia cells;
2+, weak to moderate staining in 30 to 0% of invasive leukemia cells: 3+ intense staining in more than T0% of invasive leukemia cells,
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FIG, 3. Growth and infiltration of primary ATL cells in various organs of NOG mice based on TSLCI expression. (A) Immunolustochemical
staining of various organs of NOG mice inoculated with leukemia cells from patient 6, 8, 9, or 10 is shown with the use of rabbit anti-TSLC1
anllhudy or rabbit immunoglobulin (Ig) as a negative control. Sections from patients 8 and 10 showed severe invasion (invasion score, 3) and dense

g for TSLCI (exp:

score, 3), while sections from patients 6 and 9 showed mild invasion (invasion score, 1) and light staining for TSLC1

[c:q:r:mon score, 1 '.l Liver and lung sections from control NOG mice were used as negative controls, and a lymph node from an ATL patient was
used as a positive control. Magnification, %40(; bars, 100 pm. (B) The diagram of dispersion between mean values of each invasion score and
scores for TSLC1 expression in each NOG mouse inoculated with primary ATL cells showed moderate correlation (R = 0.714).

ATL-derived ED-40515(—) cells (10) were injected into NOG
mice. Since expression of TSLCI in ED-40515(—) cells is se-
verely reduced by promoter methylation, they were transfected
with either a TSLCI expression plasmid (pcDNA3/TSLC1) or
a mock plasmid (pcDNA3/Neo), ED/TSLCI and ED/Neo cells
were identified by selection with G-418. High levels of TSLC]
expression were verified in the ED/TSLCI cells, but not in the
ED/Neo cells, by Western blot analysis (Fig. 2A). The ED/
TSLC1, ED/Neo, and ED-40515(—) cell lines all showed the
same proliferation profile in vitro (Fig. 2B). Cells (10 x 10")
were inoculated subcutaneously into the postauricular region

of NOG mice, which permitted the observation of tumor
growth macroscopically and the measurement of tumor size
over a relatively short time (3). The ED/TSLCI cell lines
caused greater formation of larger tumors than did the ED/
Neo and ED-40515(—) cell lines (Fig, 2C). The development
of clinical signs of near-death (e.g., piloerection, weight loss,
and cachexia) in mice at the time of killing was also more
prevalent with the ED/TSLCI cell line. These results suggest
that TSLCI expression in ATL cells enhances in vivo tumor
growth in NOG mice.

Since the mice died within 4 wecks after subcutaneous in-
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oculation of leukemia cells due to heavy tumor burden, 2 x 10°
ED/TSLC1 or ED/Neo cells were intravenously injected into
six NOG mice in order to investigate their capacity for invasion
of various organs. After 1 month, we sacrificed the mice to
determine the extent of organ invasion. Macroscopically, all of
the mice injected with ED/TSLCI cells (six/six) showed severe
liver invasion with swelling of the ovaries, None of the mice
injected with ED/Neo cells showed liver invasion, but they did
show ovarian involvement (Fig. 2D and E), Microscopically, all
of the mice inoculated with ED/TSLCI cells showed severe
and massive liver and lung invasions, On the other hand, only
one of six mice inoculated with ED/Neo cells showed a large
amount of liver metastasis (Table 1). TSLC] expression in
tumor cells infiltrating the liver was confirmed by immunohis-
tochemical staining (Fig, 2F). Thus, overexpression of TSLCI
in ATL cells might enhance organ invasion, and particularly
invasion of the liver and lung.

Next, we examined whether primary ATL cells with various
levels of expression of TSLC1 could efficiently grow and infil-
trate various organs in NOG mice. TSLCI-positive primary
ATL cells (2 X 107) from five acute-type and five chronic-type
ATL patients were inoculated subcutancously into the postau-
ricular region of NOG mice (Table 2). All of the mice devel-
oped clinical signs of near-death (e.g., piloerection, weight loss,
and cachexia) 6 to 8 weeks after inoculation, in addition to the
enlargement of the lymph nodes, spleen, lungs, and liver, Mi-
croscopically, ATL cells invaded various organs of all ATL-
bearing NOG mice to different degrees. Based on results of
immunohistochemical staining for TSLCI, all invading leuke-
mia cells expressed TSLCI protein, compared with no TSLC1
expression in these organs in control NOG mice (Table 2 and
Fig. 3A). The dispersion diagram for the levels of invasion and
the levels of TSLC1 expression in the leukemia cells showed a
correlation coefficient of 0.714, suggesting that there was a
moderate correlation between invasive capability and the level
of TSLCI expression (Fig. 3B). Thus, TSLCI could aid in the
formation of a rapidly growing large tumor and massive infil-
tration of ATL cells into various organs in NOG mice. Since
TSLCI is expressed in various types of ATL cells, including
smoldering and chronic types, it might be a promising target
for the development of a new anti-ATL therapy. The NOG
mouse model system described in the present study could pro-
vide a novel means by which to understand and investigate the
further importance of TSLC1 in ATL progression.
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Loss of the autophagy protein Atg16L1 enhances
endotoxin-induced IL-1 production

Tatsuya Saitoh'*, Naonobu Fujita'*, Myoung Ho Jang’, Satoshi Uematsu'"’

, Bo-Gie Yang'~, Takashi Satoh'”,

Hiroko Omeari®, Takeshi Noda®, Naoki Yamamoto®, Masaaki Komatsu®’#, KEI]I Tanaka®, Taro Kawai'",

Tohru Tsujimura®, Osamu Takeuchi'?,

Systems for protein degradation are essential for tight control of the
inflammatory i T 2, Autoph gy, a bulk degradation
system that delivers cytoplasm:c constituents into autolysosomes,
controls degradation of long-lived proteins, insoluble protein
aggregates and invading microbes, and is suggested to be involved
in the of infl tion™". However, the mechanism

Tamotsu Yoshimori*'? & Shizuo Akira'*

autophagy in yeast, and this domain is conserved in mammalian
Atgl6L1 (refs 3, 10; Fig. 1a). We have proposed that the coiled-coil
domain of Atgl6L1 is required for the formation of an ~800kDa
high molecular weight protein complex with the Atgl2-Atg5 conjug-
ate and defines the site where LC3 (homologue of yeast Atg8) is
conjugated to phosphatidylethanolamine (PE), an essential process
for phagy, by recruitment of an Atg3-LC3 intermediate to a

underlying the regulation of infl tory resp by autophagy
is poorly understood. Here we show that Atgl6L1 (autophagy-
related 16-like 1), which is implicated in Crohn’s disease™, regu-
lates endotoxin-induced inflammasome activation in mice.
Atglé6L1-deficiency disrupts the recruitment of the Atgl2-Atgs
conjugate to the isolation membrane, resulting in a loss of
microtubule-associated protein | light chain 3 (LC3) mn;ugatmn
to phosphatidylethanolamine. Consequently, both autof
formation and degradation of Inng-]:lwd proteins are sevverel}'
impaired in Atgl6L1-deficient cells. Following stimulation with
lipopolysaccharide, a ligand for Toll-like receptor 4 (refs 8, 9),
Atgl6L1-deficient macrophages produce high amounts of the
mﬂammntory cytokines IL-1p and IL-18, In lipopolysaccharide-
st d macrophages, Atgl6Ll-deficiency causes Toll/IL-1
receptor domain-containing adaptor inducing IFN-p (TRIF)-
dependent activation of caspase-1, leading to increased production
of IL-1p. Mice lacking Atgl6L1 in haematopoietic cells are highly
susceptible to dextran sulphate sodium-induced acute colitis,
which is alleviated by injection of anti-IL-1§ and IL-18 antibodies,
indicating the importance of Atgl6L1 in the suppression of intest-
inal inflaimmation. These results demonstrate that Atgl6L1 is an
essential comp t of the phagic machinery responsible for
control of the endotoxin-induced inflammatory immune response.
Autophagy is a bulk degradation system, which controls the clear-
ance and re-use of intracellular constituents, and is important for the
maintenance of an amino acid pool essential for survival™, In addi-
tion, recent studies have disclosed multiple roles of autophagy in the
regulation of cell death, differentiation and anti-microbial response
in mammals*®, Yeast genetic screening studies have identified a vari-
ety of essential components of autophagic machinery, called Atg
proteins, which are phylogenetically highly conserved, and several
mammalian counterparts, such as Atg5 and Atg7, have been
reported ™, Previously, we systematically characterized mammalian
homologues of Atg proteins and identified Atgl6L1 protein as an
Atg5-binding protein'®, Its coiled-coil domain, which mediates
self-multimerization, is essentially required for starvation-induced

source membrane of an autophagosome'™'', In addition, Atglé6L1
has seven WD40 repeats at the carboxy terminus, which are absent
in yeast Atglé (ref. 10). Recent genome-wide association studies
identified Atgl6LI as a candidate gene responsible for susceptibility
to Crohn's disease™’. However, the importance of Atgl6L1 in auto-
phagy and its role in inflammation have not been fully understood.
Hence, we generated Atgl6L1 mutant mice and examined the func-
tion of Atgl6L1 in autophagosome formation as well as in the regu-
lation of immune responses.

Atgl6L1 mutant mice express deleted forms of Atgl6L1 protein
lacking the entire coiled-coil domain (Fig. 1a, b, and Supplementary
Fig. la—). However, such aberrant proteins do not act as dominant-
negative molecules, because ectopic expression of truncated Atgl6L1
protein lacking the coiled-coil domain (ACCD) in wild-type mouse
embryonic fibroblasts (MEFs) did not interfere with autophagy
(Supplementary Fig. 2a, b). Most Atgl6L1-deficient mice died within
1 day of delivery, indicating that Atgl6L1 is required for survival
during neonatal starvation (Supplementary Fig. 1d, e). This pheno-
type is similar to that observed in Atg5- or Atg7-deficient mice'™"",
Although Atgl6L1 associates with Atgl2-Atg5, Atgl6L1 was dispens-
able for Atgl2 conjugation to Atg5 (Fig. 1b). On the other hand,
Atgl6Ll was required for LC3 conjugation to PE (Fig. Ib). In
Atgl6LI1-deficient MEFs, formation of the high molecular weight
protein complex was disrupted and Atgl2-Atg5 puncta were hardly
observed (Fig. l¢, d, and Supplementary Fig. 3, 4a). On the other
hand, GFP-Atg5 free from Atgl2-conjugation formed puncta in
Atg7-deficient MEFs or Atg5-deficient MEFs complemented with
GFP- A!gj'(”"“ although these puncta did not colocalize with LC3
(Fig. ¢, d, Supplementary Figs 4b, 5, data not shown ). Formation of
autophagosomes under the starved condition was not observed in
Atgl6L1-deficient MEFs, resulting in a decrease in the bulk degrada-
tion of long-lived proteins and the accumulation of p62/SQSTMI
(Fig. 1b-f). These results indicated that Atgl6Ll is essentially
required for autophagy by regulating the localization of the Atgl 2-
Atg5 conjugate.
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Figure 1| Atg16L1is essential for autophagy. a, Schematic structure of wild
type or truncated (A) Atgl6L1 protein, CCD, Coiled-coil domain; WD, WD40
domain. Here and below, suffix x or [} indicates isoform 7 or f. b=-d, MEFs

were cultured in nutrient-rich medium (fed) or Hanks' buffer (starved) for

I h. Total cell lysates were prepared, and blotted with the indicated antibodies
(b). 2, b, indicate Atgl6L1 isoform o, fi; ACCD indicates Atgl6L1ACCD,

Although the involvement of autophagic machinery in the Toll-
like receptor (TLR)-mediated antiviral response and phagocytosis
have been reported''%, it is still unclear whether autophagy controls
TLR-mediated inflammatory responses. We examined the role of
Atgl6Ll in the production of inflammatory cytokines, such as
TNFa, I1L-6 and IL-1p, in response to lipopolysaccharide (LPS), a
major component of bacterial endotoxin®. Although both messenger
RNA expression and production of TNFx, IL-6 and IFN-§ were
almost normal in Atgl6L1-deficient fetal liver-derived macrophages,
IL-1B production was highly elevated compared with that in wild-
type macrophages (Fig. 2a, Supplementary Fig. 6). IL-1 mRNA
synthesis was not impaired in Atgl6L1-deficient macrophages, indi-
cating that IL-1P production is enhanced at the post-transcriptional
level in AtgleLl-deficient macrophages (Supplementary Fig. 6).
Synthetic lipid A, an active component of LPS, also potently induced
IL-1f production in AtgléLI1-deficient cells (Fig. 2b). On the other
hand, ectopic expression of the AtgléL1 protein lacking coiled-coil
domain (ACCD) in RAW264.7 cells did not affect LPS-induced IL-
1 production (Supplementary Fig. 2¢, d). These results indicated
that Atgl6L1-deficiency is responsible for the elevated production of
IL-1B.

We next generated chimaeric mice by transplantation of fetal liver
cells into lethally irradiated CD45.1 mice to examine IL- 1§ production

asterisk indicates a non-specific band. Atgl6L1*"* indicates mice expressing
AArgl6Ll. The number of endogenous LC3 or GFP-Atg5 dots was counted
(¢, d). The results shown are mean + s.d. (n > 20). e, Electron micrograph of
starved MEFs. f, Degradation of long-lived proteins in MEFs. Wortmannin is
an autophagy inhibitor. The results shown are mean + s.d. Statistical
significance (P value) was determined by the Student’s r-test.

in other types of macrophage (Supplementary Fig. 7a—). Following
stimulation with LPS, peritoneal and bone-marrow macrophages defi-
cient in Atgl6L1 showed enhanced IL-1B production compared with
wild-type macrophages (Supplementary Fig. 7d, e). Non-invasive
Gram-negative bacteria, such as Escherichia coli, Enterobacter acrogenes
and Klebsiella pneumonia, which are habitants in the commensal flora,
also potently induced IL-1f production in Atgl6L1-deficient cells
(Supplementary Fig, 8a). On the other hand, the production of IL-
1P and apoptosis induced by Salmonella typhimuriun, an invasive
Gram-negative bacterium, is almost normal in Atgl6LI-deficient
macrophages (Fig. 2c, Supplementary Fig. 9¢c). We also found that
Atgl6L1-deficient macrophages produced a high amount of IL-1p
following stimulation by ATP or monosodium urate (MSU), an activ
ator of the Nalp3 inflaimmasome'™'” (Fig. 2c). Atgl6Ll-deficient
macrophages normally produced inflammatory cytokine in response
to muramyldipeptide, a ligand for NOD2 (ref. 16), indicating that
Atgl6L! is not involved in signalling downstream of NOD2, whose
de-regulation is also implicated in Crohn's disease'” (Supplementary
Fig. 10).

The expression levels of immature IL-1p protein following LPS
stimulation in Atgl6L1-deficient macrophages were almost compar-
able to those in wild-type cells, indicating an abnormality of post-
translational regulation (Fig. 2d), Cleaved caspase-1, an activated

265

©2008 Macmillan Publishers Limited. All rights reserved




LETTERS

NATURE| Vol 456/13 Novermnber 2008

a Atg1BLY b
800 B +/4 1.20 " e
. 600 DA oy o 1,200 2.5007 " 4
b 1 ' 1 3 2000 L 304 T
E 4001 £ 800 Ex g E
E A & g Baod g
= . ] = 1,000 = | -
= 2004 J aood -] 3 =
= i 2 4 o 5001 Rl o
- | 1 "
0 0 o o
LPS - LPB - LPS = LPS o & e
5% %
al & @
[ d LPS e -
~ 40001 ‘:1‘:5? AGIELY /e A/A 4o VA 1,500 N agieLt TR
E Jam*i . Owva Pro-casnase- 1 | - — - L EI 000 [ P
£ 2,000 - Claaved-casoase-1 -lse S B A e
2, ool = 500 B A
o | Pro-L-18 - Ly - 0 «f+ =
o £ ol :
' =2 &E Cleaved-L-1[ - LPS
% $ ig Claaved L -1 Sup. S
‘fE AEL | - | Ly
o &
f .
- LPS 9 .
ATBLY e M M ot o0 MDA v = 8001
TRIF afs st e of= als ahs = E 800+
Pro-caspase-| [ eeasamamenan] 5. £ 4007
Cleaved-caspase-1] T jeup. T 200
Pro-iL-1 r— T
'L RR
Clamvad-iL-1 - {Sup AxgTeL1 T p_; gﬂ' { ]
e -5 o - .
B A 2 100 10 107 107 10t
LPS Fluorescence intensity
Figure 2 | Elevated endotoxin-induced IL-1)) production from Atglell- levels of caspase-1 and [L-1f} in macrophages, Lys., cell lysates; Sup., culture

deficient macrophages. a, Cytokine production from macrophages
stimulated with LPS (100 ngml ') for 24 h. Statistical significance was
determined by the Student’s t-test. * P < 0.01. b, IL-1} production from
macrophages stimulated with indicated ligands. ¢, [L-1} production from
LPS-primed macrophages infected with 5. typhimurium (muliplicity of
infection, m.o.i.,, 1), or stimulated with ATP or MSU for 1 h. d, Expression
form that mediates processing of IL-1B and apoptosis™'’, was
detected in the culture supernatants of AtgléL1-deficient macro-
phages following LPS stimulation, and was responsible for the pro-
duction of IL-1B and the induction of apoptosis (Fig. 2d,
Supplementary Figs 9a, b, 11). 1L-18 production, which is regulated
by caspase-1-mediated cleavage'’, was also enhanced in response to
LPS in Atgl6ll-deficient macrophages (Supplementary Fig. 12).
Recent studies have disclosed that NF-xB and p38 signalling path-
ways regulate the activation of caspase-1 and the induction of cell
death in macrophages stimulated with LPS™'", However, activation
of NF-xB, p38 and IRF-3 signalling pathways by LPS was comparable
between wild-type and Atgl6L1-deficient macrophages (Supple-
mentary Fig. 13). Among TLR family members, TLR2, TLR4 and

Fig. 14).

a Fed Starved LPS1h LPS2h LPS4h LPS16h Atg16L1
= 10 | P
] 8 oA
Atgislt E
/4 B8
8
g 4
a2
AtgisLl § 0 _L
AA - £
— |
b c d
= 2,000+ ~ . 2500 - 5007 =
Atgl16L1 +/+ A/A € 15004 — 20004 E 400
] _2[3 2 . et — e W Water
pé; 2 1,000 S voal W Alg g'!oo O IMA
anic3f==] ¥ s004 @ 'soa. DAwgr* = jo0
-l a4 (8
N 0 - = U =
- LPS - LPS = LPS Pam3
CSK4

266

©2008 Macmillan Publishers Limited. All rights reserved

supernatants, e, LPS-induced production of IL-1p from macrophages with
the indicated phenotype. f, Expression levels of caspase-1 and IL-1f} in
macrophages treated as in e, g, Effect of the ROS scavenger FeTPPS (25 uM),
N-acetyl-L-cysteine (NAC; 25mM) or P2X7 receptor antagonist oxidized
ATP (250 uM) on IL-1f production. b, ROS in LPS-stimulated macrophages
were detected by CM-H;DCFDA staining.

TLR5 recognize bacterial components and play important roles in
the anti-bacterial response”. Importantly, TLR4 ligand, but not
ligands for TLR2 or TLRS, induced potent IL-1f production from
Atgl6L1-deficient macrophages (Fig. 2b, Supplementary Fig. 14).
Enhancement of IL-1p production in Atgl6LI1-deficient macro
phages was also induced by ligands for the viral nucleotide-sensing
TLRs, TLR3, TLR7 and TLRY, although the production induced by
these ligands was lower than that induced by LPS (Supplementary

These findings prompted us to assess the involvement of the TRIF/
IFN signalling, which is strongly triggered by the engagement of
TLR4 in macrophages” and regulates apoptosis'”. Consistent with
this hypothesis, Atgl6L1/TRIF double-deficient macrophages failed

Figure 3 | Disruption of basal autophagy
enhances LPS-induced IL-1f} production.

a, Macrophages were stimulated with LPS

(100 ngml ') for the indicated time period. The
number of endogenous LC3 dots within each cell
was counted. The results shown are mean + s.d.
(m = 100). b, Expression levels of p62 and LC3 in
macrophages, ¢, IL-1[} and IL-6 production by
wild-type or Atg7-deficient macrophages
stimulated with LPS, Statistical significance was
determined by the Student’s t-test. *P < 0.01.

d, Macrophages were pre-treated with or without
10 mM 3MA and then stimulated with the
indicated ligands.
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to produce IL-1P due to a lack of caspase-| activation in response to
LPS (Fig. 2¢, f). The simultaneous stimulation of Atgl6L1-deficient
macrophages with IFN-p or IFN-y enhanced IL-1p production and
apoptosis induced by TLR2 ligand (Supplementary Figs 9d, 15a).
Recent studies have disclosed that K'-efflux and reactive oxygen
species (ROS), especially peroxynitrate, play important rales in the
production of IL-1§ induced by ATP, MSU and asbestos'™'7<!,
Similarly, the enhanced IL-1B production from AtgléL1-deficient
macrophages required K™-efflux and ROS generation (Fig. 2g,
Supplementary Figs 15b, 16). The level of ROS in Atgl6L1-deficient
macrophages was higher than that in Atg16L1/TRIF double-deficient
or wild-type macrophages following LPS stimulation (Fig. 2h).
Oxidized ATP, an antagonist for the P2X7 receptor, did not inhibit
LPS-induced IL-1[3 production, indicating that extracellular ATP is
not involved in its production (Fig. 2g). These results indicate that
loss of Atgl6L1 in macrophages causes aberrant LPS-induced IL-1p
production in a TRIF-dependent manner. ROS might be accumu-
lated in Atgl6L1-deficient macrophages undergoing apoptosis and
trigger caspase-1 activation following LPS stimulation.

The involvement of TLR signalling in the induction of autophagy
has been recently reported”*’. Therefore we examined if stimulation
of TLR4 or other TLRs induces puncta formation by endogenous
LC3. In contrast to previous reports, LPS stimulation did not increase
the number of LC3 puncta in primary macrophages, although nutri-
ent deprivation induced the formation of autophagosomes (Fig. 3a,
Supplementary Fig. 17a—c). Stimulation by other ligands for TLRs
also failed to increase the number of puncta of endogenous LC3 in
these macrophages (Supplementary Fig. 17b, d, e). Co-incubation
with non-invasive bacteria did not increase the number of autopha-
gosomes in macrophages (Supplementary Fig. 8b). On the other
hand, infection with S. fyphimurium resulted in Atg16L1-dependent
formation of bacteria autophagosomes, even in the absence of both
MyD88 and TRIF, essential adaptor molecules for TLR signalling
pathways™* (Supplementary Fig. 18a, b). These results indicated that
TLR signalling is not associated with the formation of autophago-
somes in primary macrophages.

Increasing evidence has revealed that basal autophagy plays critical
roles under both physiological and pathological conditions, including
neurodegeneration, hepatic dysfunction and the immune res-
ponse'’#***_ In Atgl6L1-deficient macrophages. autophagosomes
were hardly detected and p62/SQSTMI protein was accumulated
under nutrient-rich conditions, indicating that basal autophagy is
almost completely inhibited (Fig. 3a, b). Atg7-deficient macrophages
also produced high levels of IL-1p in response to LPS, but produced
normal levels of IL-6 (Fig. 3c). A chemical inhibitor of autophagy,
3-methyladenine (3MA), significantly enhanced production of IL-1(§
from wild-type peritoneal macrophages induced by stimulation with
LPS, but not with ligand for TLR2 (Fig. 3d). Macrophages treated with
3MA  underwent apoptosis following LPS  stimulation
(Supplementary Fig. 9¢). Further, transient expression of inactive
mutant of AtgdB, which inhibits the LC3 lipidation, enhanced LPS-
induced IL-1f production in RAW264.7 cells (Supplementary Fig.
19a, b). These results indicate that inhibition of basal autophagy
induces IL-1f overproduction.

Aberrant expression of inflammatory cytokines, including IL-1f
and IL-18, has been shown to be involved in the development of
colitis’™**, and recent studies have reported that Atg16L1 is a candidate
susceptibility gene for Crohn’s disease””. Under specific pathogen-free
conditions, AtgleL1-deficient chimaeric mice did not develop spon-
taneous colitis, and the colons of newborn Atgl6L1-deficient mice
were not inflamed (Supplementary Fig. 20a, b). The number of bac-
teria in the faeces of wild-type or Atgl6L1-deficient chimaeric mice
was almost same, and no bacteria were detected in spleen
(Supplementary Fig. 20, d). The number of CD4 " Foxp3 " regulatory
T cells, which suppress the inflammatory response and are required
for immune homeostasis™, was almost normal in the spleens and
mesenteric lymph nodes of AtgleLi-deficient chimaeric mice
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(Supplementary Fig. 21a, b). We next assessed if Atgl6L1-deficiency
exacerbates inflammation in a dextran sulphate sodium (DSS)-
induced experimental model of colitis. Strikingly, all chimaeric mice
with Atg16L1-deficient hacmatopoietic cells died together with severe
body weight loss following seven days of DSS exposure, whereas all
chimaeric mice expressing wild-type Atgl6L1 survived (Fig. 4a, b).
Histological analyses revealed much severer inflammation in the distal
colons of Atgl6L1-deficient mice than in wild-type controls, with
larger areas of ulceration and increased infiltration of lymphocytes
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Figure 4 | Severe DSS-induced colitis in Atg16L1-deficient chimaeric mice.
a, b, Fetal liver chimaeric mice were given 5% DSS in drinking water for

7 days. The survival (a) and weight loss (b) of cach mouse genotype were
plotted. The results shown are mean = s.d. Statistical significance was
determined by the Student’s -test. ¢, Typical distal colon appearance 6 days
after the initiation of DSS administration. The results shown aremean * s.d.
(n = 3, each group). d, Expression levels of [L-1f} and [L-18 in serum (n = 5,
each group). e, f, Atg16L1-deficient chimaeric mice given 5% DSS in
drinking water were mlrlpenton«lly injected with both anti-1L-1p and anti-
IL-18 neutralizing an (sq n = 5) or isotype control 1gG (circles:
n=5)atdays1, 3,5 md 7. The survival () and weight loss (f) of each mouse
genotype were plotted.
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(Fig. 4c). Thelevels of the proinflammatory cytokines IL- 1 and IL-18
were significantly elevated in the sera of DSS-treated AtgléLl-
deficient chimaeric mice relative to the levels in wild-type counter-
parts (Fig. 4d). Monality and loss of body weight after DSS-exposure
in Atgl6L1-deficient chimaeric mice were improved by the injection
of neutralizing antibodies for IL-1P and IL-18, showing the involve-
ment of excessive production of these cytokines in the development of
severe colitis (Fig. 4e, f). Administration of 3MA increased the level of
IL-1P in serum and worsened the survival rate of mice treated with
DSS, suggesting that autophagy protects mice from massive inflam-
mation during colitis (Supplementary Fig. 22).

Our present study highlights a novel role for autophagy in the
regulation of the inflammatory immune response. Autophagy con-
trols inflammasome activation and limits production of the inflam-
matory cytokines IL-1p and IL-18. Given the importance of elevated
expression of IL-1P and IL-18 caused by Atgl6L1 deficiency in the
pathology of chemical-induced colitis, it would be of interest to
examine the involvement of hagy in the pathogenesis of inflam-
matory bowel diseases such as Crohn's disease.

METHODS SUMMARY

Mice, reagents, cells and plasmids. Details are given in Methods.

Preparation of macrophages. E15.5 fetal liver stem cells from wild-type or
ArgloLl-deficient littermates were cultured in the presence of GM-CSF
(10ngml™") for 7 days to generate fetal liver macrophages. Unattached cells
were removed on days 2, 4 and 6. Unless otherwise noted, fetal liver macrophages
were used in the experiments. Bone-marrow-derived and peritoneal macro-
phages were prepared as described”.

Histopathological analysis, The colon was removed and fixed with 4% PFA. The
paraffin sections were stained with haematoxylin and eosin (H&E), and histo-
logically analysed.

RT-PCR, immunoblotting, ELISA. Details of RT-FPCR procedures are given in
Methods. I blotting was perfi d as described'’, and the experiments
were repeated at least twice. The level of cytokine production was measured by
ELISA according to the manufacturer’s munu:umx The results shown are

means = s.d. from three sep ples. The exp were repeated at
least three times.

Fluorescence mi lysis, Cells cultured on coverslips were fixed with
mmmﬂddaydc.mdmbm(cdm ytochemistry''. Samples were
examined under a fluorescence laser scanning confocal FV1000 microscope
(Olympus).

Detection of ROS. Macrophages were stimulated with LPS for 22h, and then
stained with CM-H,;DCFDA (10 pM; Molecular Probes), a fluorescent indicator

for ROS, for 2h, The level of fl d d by flow cytometry. The
experiments were repealcd at least three times,
Gel filtration, electron mic Ivsi hl.lk A 3o g assay.
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