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pathogens.

Research in this division is directed toward understanding the complex interactions
that occur between pathogenic bacteria and the gastrointestinal epithelium and the
process of infectious diseases. Our special interest is focused upon the molecular
pathogenicity of enteropathogenic bacteria, such as Shigella, Helicobacter pylori,
enteropathogenic E. coli and enterohemorrhagic E. coli. We are also searching for
effective methods to protect or requlate bacterial infection by using knowledge ac-
cumulated, and interested in developing animal model for studying the bacterial

1. A bacterial E3 ubiquitin ligase IpaH9.8 tar-
gets NEMO/IKKy to dampen the host NF-
kB-mediated inflammatory response.

Hiroshi Ashida, Minsoo Kim, Mare Schmidt-
Supprian’, Averil Ma’>, Michinaga Ogawa and
Chihiro Sasakawa: ‘Max Planck Institute of
Biochemistry, Martinsried, Germany, “Depart-
ment of Medicine, University of California at
San Francisco, San Francisco, USA.

NF-xB (nuclear factor kB) has a pivotal role in
many cellular processes, including the inflam-
matory and immune responses and, therefore,
its activation is tightly regulated by the IKK (IxB
kinase) complex and by IkBo degradation.
When Shigella bacteria multiply within epithelial
cells they release peptidoglycans, which are rec-
ognized by Nodl and stimulate the NF-xB path-
way, thus leading to a severe inflammatory re-
sponse. Here, we show that IpaH9.8, a Shigella
effector possessing E3 ligase activity, dampens
the NF-kB-mediated inflammatory response to
the bacterial infection in a unique way. IpaH9.8

interacts with NEMO/IKKy and ABIN-1, a
ubiquitin-binding adaptor protein, promoting
ABIN-1-dependent polyubiquitylation of NEMO.
Consequently, polyubiquitylated NEMO under-
goes proteasome-dependent degradation, which
perturbs NF-xB activation. As NEMO is essen-
tial for NF-xB activation, we propose that the
polyubiquitylation and degradation of NEMO
during Shigella infection is a new bacterial strat-
egy to modulate host inflammatory responses.

2. Bacterial interactions with the host epithe-
lium.

Minsoo Kim, Hiroshi Ashida, Michinaga
Ogawa, Yuko Yoshikawa, Hitomi Mimuro and
Chihiro Sasakawa

The gastrointestinal epithelium deploys multi-
ple innate defense mechanisms to fight micro-
bial intruders, including epithelial integrity,
rapid epithelial cell turnover, quick expulsion of
infected cells, autophagy, and innate immune
responses. Nevertheless, many bacterial patho-
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gens are equipped with highly evolved infec-
tious stratagems that circumvent these defense
systems and use the epithelium as a replicative
foothold. During replication on and within the
gastrointestinal epithelium, gastrointestinal bac-
terial pathogens secrete various components,
toxins, and effectors that can subvert, usurp,
and exploit host cellular functions to benefit
bacterial survival. In addition, bacterial patho-
gens use a variety of mechanisms that balance
breaching the epithelial barrier with maintaining
the epithelium in order to promote bacterial
colonization. These complex strategies represent
a new paradigm of bacterial pathogenesis.

3. The bacterial effector Cif interferes with
SCF ubiquitin ligase function by inhibiting
deneddylation of Cullinl.

Morikawa, Hanako, Minsoo Kim, Hitomi
Mimuro, Claire Punginelli, Tomohiro Koyama,
Shinya Nagai, Atsushi Miyawaki, Kazuhiro
Iwai and Chihiro Sasakawa: ‘Nippon Institute
for Biological Science, Ome, Tokyo, Japan,
’Laboratory for Cell Function and Dynamics,
Advanced Technology Development Group,
Brain Science Institute, RIKEN, Wako-city,
Saitama, Japan, *Department of Biophysics and
Biochemistry, Graduate School of Frontier Bi-
osciencesGraduate School of Medicine Osaka
University, Suita, Osaka, Japan

Cycle inhibiting factor (Cif) is one of the effec-
tors delivered into epithelial cells by enteropa-
thogenic Escherichia coli (EPEC) and enterohem-
orrhagic Escherichia coli (EHEC) via the type III
secretion system (TTSS). Cif family proteins,
which inhibit host cell-cycle progression via
mechanisms not yet precisely understood, are
highly conserved among EPEC, EHEC, Yersinia
pseudotuberculosis, Photorhabdus luminescens and
Burkholderia pseudomallei. Levels of several pro-
teins relevant to cell-cycle progression are
modulated by Cullin-RING ligases (CRLs),
which in turn are activated by conjugation and
deconjugation of NEDDS8 to Cullins. Here we
show that Cif interacts with NEDD8 and inter-
feres with SCF (Skpl-Cullinl-F-box protein)
complex ubiquitin ligase function. We found
that neddylated Cullin family proteins accumu-
lated and ubiquitination of p27 decreased in
cells infected with EPEC. Consequently, Cif sta-
bilized SCF substrates such as CyclinD1, Cdtl,
and p27, and caused G1 cell-cycle arrest. Using
time-lapse-imaging of fluorescent ubiquitination-
based cell-cycle indicator (Fucci)-expressing
cells, we were able to monitor cell-cycle progres-
sion during EPEC infection and confirmed the
arrest of infected cells at G1. Our in vitro and in
vivo data show that Cif-NEDDS interaction in-
hibits deneddylation of Cullins, suppresses CRL
activity and induces G1 arrest. We thus con-
clude that the bacterial effector Cif interferes
with neddylation-mediated cell-cycle control.

Publications
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mediated inflammatory response. Nat Cell
Biol 12, 66-73; sup pp 61-69, 2010.

Morikawa, H., Kim, M., Mimuro, H., Punginelli,
C., Koyama, T., Nagai, S., Miyawaki, A., Iwai,
K., and Sasakawa, C. The bacterial effector Cif
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chem Biophys Res Commun 401, 268-274,
2010.

Kim, M., Ashida, H., Ogawa, M., Yoshikawa, Y.,
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Microbe 8, 20-35, 2010.

Ashida, H., Ogawa, M., Kim, M., Suzuki, S.,
Sanada, T., Punginelli, C., Mimuro, H., and
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T., Chakraborty, T., and Sasakawa, C. Auto-
phagy targeting of Listeria monocytogenes and
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310-314, 2011.
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awa, C. Reinforcement of epithelial cell adhe-
sion to basement membrane by a bacterial
pathogen as a new infectious stratagem. Viru-
lence 1, 52-55, 2010.

Sasakawa, C. A new paradigm of bacteria-gut
interplay brought through the study of Shig-
ella. Proc Jpn Acad Ser B Phys Biol Sci 86,
229-243, 2010.

Obata, T., Goto, Y., Kunisawa, J., Sato, S.,
Sakamoto, M., Setoyama, H., Matsuki, T.,
Nonaka, K., Shibata, N., Gohda, M., et al. In-
digenous opportunistic bacteria inhabit mam-
malian gut-associated lymphoid tissues and
share a mucosal antibody-mediated symbiosis.
Proc Natl Acad Sci USA 107, 7419-7424, 2010.

Seyedarabi, A., Sullivan, J.A., Sasakawa, C., and
Pickersgill, RW. A disulfide driven domain
swap switches off the activity of Shigella IpaH
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9.8 E3 ligase. FEBS Lett 584, 4163-4168, 2010.
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and basic researches.

The goal of our Department is to elucidate the cellular defense system and the
counteracting viral strategy at the level of gene regulation and to establish new
approaches for suppressing cancer and pathogenic viruses and also for modulat-
ing human immunological response. We have been studying epigenetical regula-
tion of human and virus genomes by a chromatine remodeling factor, SWI/SNF
complex and also analyzing requlatory networks formed among microRNAs, SWI/
SNF complex and such important transcriptional factors as AP-1 and NF-kappaB.
Using these results, we also develop new retrovirus/lentivirus vectors that express
proteins, short hairpin RNAs, miRNAs and efficient inhibitory RNAs targeting spe-
cific miRNAs (designated as Tough Decoy RNAs) for tools of human gene therapy

1. SWI/SNF complex as a pivotal regulator of
NF-xB

The SWI/SNF chromatin remodeling complex
plays important roles in the epigenetic regula-
tion of many organisms and regulates a wide
variety of genes. In mammals, this complex is
an assembly of about nine polypeptides, and
each complex contains a single molecule of
either Brm or BRG1, but not both. These two
proteins are the catalytic subunits and drive the
remodeling of nucleosomes via their ATP-
dependent helicase activity. Evidence has now
accumulated that Brm and BRG1 regulate a set
of target promoters that is not fully overlapping.
Indeed, Brm and BRG1 show clear differences in
their biological activities; Brm, but not BRG1, is
essential for the maintenance of gene expression
driven by LTRs of murine leukemia virus (MLV)
and HIV as we have been previously reported.

Overall, the SWI/SNF complex interacts with
various proteins, including transcriptional regu-
lator, through many specific and varied associa-

tions with its several subunits. We previously
demonstrated unique interaction between SWI/
SNF complex and an important transcription
factor, AP-1, which is composed of dimmers
formed between Fos family proteins and Jun
family proteins. Each Fos/Jun heterodimer had
been shown to have distinctive transactivating
potential for regulating cellular growth, differen-
tiation, and development via AP-1 binding sites,
but the molecular mechanism underlying dimer
specificity and the molecules that facilitate trans-
activation remained undefined. In 2001, we
showed that BAF60a, a subunit of the SWI/SNF
chromatin remodeling complex, is a determinant
of the transactivation potential of Fos/Jun
dimers. BAF60a binds to a specific subset of
Fos/Jun heterodimers using two different inter-
faces for c-Fos and c-Jun, respectively, explain-
ing why a specific subset of Fos/Jun dimers re-
cruits SWI/SNF complex to AP-1 binding sites
present in many gene promoters via BAF60a to
drastically induce their transcription simultane-
ously.
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This year, we show that another very impor-
tant transcription factor NFxB requires SWI/
SNF complex to activate certain subsets of
genes.

Like AP-1, NFkB plays crucial roles in such
physiological processes as development, cell
proliferation, apoptosis and innate and adaptive
immune functions. The NFxB family proteins
are composed of five different proteins; RelA
(p65), RelB, c-Rel, p50 (which is processed from
its precursor p105) and p52 (which is processed
from its precursor pl100). These proteins form
active transcription factors as homodimers or
heterodimers. Among various NFxB-activating
signals, two different NFkB pathways have been
well studied. One is the canonical NFkB path-
way, which is activated by TNFo and IL-1
stimulation. Upon their stimuli, proteosomal
degradation of cytosolic IkBo allows nuclear
translocation of RelA/p50 dimer, which induces
expression of IL-8 and IxBa. The other is the
non-canonical NFxB pathway, which is activated
by lymphotoxin and CD40 ligand. Upon their
treatment, activated NIK and IKKo induce the
processing of pl00 to p52, which triggers gene
activation of BLC and ELC by RelB/p52 dimer.
Aberrant regulation of NFxB is known to be in-
volved with cancer development and progres-
sion. Importantly, some NFxB target genes
stimulated by these cytokines or growth factors
were often shown to require SWI/SNF com-
plexes for their optimum induction. However,
the underlying molecular mechanisms and fac-
tors involved in this process are largely un-
known.

This year, we present evidence that Requiem
(REQ/DPF2) protein, which was originally iden-
tified as an apoptosis inducing protein in mouse
myeloid cells and belongs to the d4-family (DPF
family) proteins, is a specific adaptor protein
that links RelB/p52 with Brm-type SWI/SNF
complexes and thereby plays pivotal roles in the
most downstream non-canonical NFxB pathway.
We further show evidence that REQ is required
for oncogenesis of several human tumor cell
lines in which the non-canonical NFxB pathway
is aberrantly regulated.

Requiem (DPF2) protein links RelB/p52 and
the Brm-type SWI/SNF complex in a non-
canonical NF-xB pathway

Toshio Tando, Aya Ishizaka, Hirotaka Watan-
abe, Taiji Ito, Shun lida, Takeshi Haraguchi,
Taketoshi Mizutani, Tomonori Izumi*, Toshiaki
Isobe’, Taishin Akiyama’, Jun-ichiro Inoue,
and Hideo |ba: 'Division of Proteomics Re-
search and “Division of Cellular and Molecular
Biology. Institute of Medical Science, Univer-

sity of Tokyo

The SWI/SNF chromatin remodeling complex
plays pivotal roles in mammalian transcriptional
regulation. In our current study, we identify the
human requiem protein (REQ/DPF2) as an
adaptor molecule that links NF-xB and SWI/
SNF chromatin remodeling factor. Through in
vitro binding experiments, REQ was found to
bind to several SWI/SNF complex subunits and
also to the p52 NF-«B subunit through its NLS-
containing N-terminus region. REQ, together
with Brm, a catalytic subunit of the SWI/SNF
complex, enhances the NF-kB-dependent tran-
scriptional activation that principally involves
the RelB/p52 dimer. Both REQ and Brm were
further found to be required for the induction of
the endogenous BLC (CXCL13) gene in response
to lymphotoxin stimulation, an inducer of the
non-canonical NF-xB pathway. Upon lympho-
toxin treatment, REQ and Brm form a larger
complex with RelB/p52 and are recruited to the
BLC promoter in a ligand-dependent manner.
Moreover, a REQ knockdown efficiently sup-
presses anchorage-independent growth in sev-
eral cell lines in which the non-canonical NF-xB
pathway is constitutively activated. From these
results, we conclude that REQ functions as an
efficient adaptor protein between the SWI/SNF
complex and RelB/p52 and plays important
roles in non-canonical NF-«kB transcriptional ac-
tivation and its associated oncogenic activity.

2. Robust regulatory networks formed among
Brm type-SWI/SNF complex, transcrip-
tional factors and miRNAs separate most
of the human tumor cell lines into two
groups.

Accumulating evidence now indicates that al-
terations to SWI/SNF subunits contribute to tu-
morigenesis. In terms of the Brm catalytic
subunit, we and others have reported that it is
frequently deficient in various cancer cell lines
such as SW13(vim-), AZ521and C33A, and also
in primary tumors of the lung, stomach, and
prostate. As described in the previous chapter,
expression of retro/lenti virus vectors were sto-
chastically and promptly silenced in all of these
Brm-deficient cell lines. We further found how-
ever that a functional Brm gene is present and
transcribed actively in all of the Brm-deficient
cell lines in nuclear run-on transcription assays.
This indicated that post-transcriptional gene si-
lencing suppresses Brm in these human cancer
cells. When we exogenously expressed Brm in
such deficient cell lines, this resulted in a re-
duced oncogenic potential, suggesting that Brm
has tumor suppressive properties. This possibil-
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ity is consistent with our observations that a fre-
quent loss of Brm expression in gastric cancers
correlates with a less differentiated state. How-
ever, the molecular mechanisms underlying the
post-transcriptional suppression of Brm re-
mained to be elucidated.

MiRNAs are potent regulators of coding
genes at the post-transcriptional level, including
human genes. These molecules are ~22nt non-
coding RNAs that mediate the repression of tar-
get transcripts by suppressing their translation
or promoting degradation. More than 1000 spe-
cies of miRNAs have now been identified in hu-
mans. Each miRNA has a number of target
genes whereas individual mRNAs can be tar-
geted by several different miRNAs. We here
demonstrate that Brm mRNA is a target of miR-
199a-5p and miR-199a-3p, both of which are
processed from pre-miR-199a. By promoter
analysis of the miR-199a-2 gene, which was
found to be the main contributor to the produc-
tion of pri-miR-199a in these cell lines, Egrl was
identified as a major transcriptional activator at
this gene locus. We further show from our
analysis that the expression patterns of mature
miR-199a-5p and -3p, and of the Brm protein,
are mutually exclusive in many human cancer
cell lines as well as in some human tumor cells.
We finally present evidences that a double-
negative feedback mechanism underlies this
regulatory network and separates many cancer
cell lines into two distinct groups (a). In 2008-
2009, we also observed that miR-21 and its tar-
gets, PDCD4 and NFIB form also robust double-
negative feedback loops and indicated that miR-
21 RNA (highly expressed in cancer lesion) and
PDCD4 protein (highly expressed in normal mu-
cosa) show mutually exclusive expression pat-
terns in human colorectual cancer specimen. So
we believe miRNAs can generally function as
molecular switches for epigenetical regulation
by utilizing double-negative feedback regula-
tion. In these processes, we also developed tech-
niques for selective expression or suppression of
miR-5p and miR-3p strands by using chemically-
modified miRNA duplex (b) and by vectors ex-
pressing TuD-5p and TuD-3p, respectively.

a. microRNAs miR-199a-5p and -3p target the
Brm subunit of SWI/SNF to generate a
double-negative feedback loop in a variety
of human cancers

Kouhe Sakurai, Chihiro Furukawa, Takeshi
Haraguchi, Ken-ichi Inada’, Kazuya Shiogama’,
Takanobu Tagawa, Shuji Fujita, Yoshihito
Ueno’, Aya Ogata’, Mai 1to®, Yutaka Tsutsumi®,
and Hideo Iba: *First Department of Pathol-
ogy, Faculty of Medicine, Fujita Health Univer-

sity, Aichi, Japan, ‘Department of Biomolecu-
lar Science, Faculty of Engineering, Gifu Uni-
versity, Gifu, Japan,

The chromatin remodeling complex SWI/SNF
is an important epigenetic regulator that in-
cludes one Brm or BRG1 molecule as catalytic
subunit. Brm and BRG1 do not function identi-
cally so this complex can regulate gene expres-
sion either positively or negatively depending
on the promoter to which it is recruited. Nota-
bly, Brm attenuation due to post-transcription
suppression occurs often in human tumor cells,
where this event contributes to their oncogenic
potential. Here we report that the 3'UTR of Brm
mRNA has two sites that are efficiently targeted
by the microRNAs miR-199a-5p and -3p, reveal-
ing a novel mechanism for modulation of Brm-
type SWI/SNF activity. Computational mapping
of the putative promoter region of miR-199a-2
(miPPR-199a-2) has been defined it as the major
contributing genetic locus for miR-199a-5p and-3
p production in these tumor cell lines. We vali-
dated this predicted region by direct promoter
analysis to confirm that Egrl is a strong positive
regulator of the miR-199a-2 gene. Importantly,
we also showed that Egrl, miR-199a-5p and -3p
are expressed at high levels in Brm-deficient tu-
mor cell lines, but only marginally in Brm-
expressing tumor cells. Lastly, we also obtained
evidence that Brm negatively regulates Egr1. To-
gether, our results reveal that miR-199a and
Brm form a double-negative feedback loop
through Egrl, leading to the generation of these
two distinct cell types during carcinogenesis.
This mechanism may offer a partial explanation
for why miR-199a-5p and -3p have been re-
ported to be either up-regulated or down-
regulated in a variety of tumors.

b. Biaryl modification of the 5'-terminus of
one strand of a microRNA duplex induces
strand specificity

Aya Ogata®, Chihiro Furukawa’, Kouhei
Sakurai’, Hideo Iba, Yukio Kitade®, and Y oshi-
hito Ueno* 'These authors were contributed
equally to this work.

MicroRNAs (miRNAs) are single-stranded
non-coding RNAs composed of 20-23 nucleo-
tides. They are initially transcribed in the nu-
cleus as pri-miRNAs. After processing, one
strand from the miRNA duplex (miR-5p/miR-3
p duplex) is loaded onto the RNA-induced si-
lencing complex (RISC) to produce a functional,
mature miRNA that inhibits the expression of
multiple target genes. In the case of some miR-
NAs, both strands can be equally incorporated
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into the RISC as single strands, and both strands
can function as mature miRNAs. Thus, a tech-
nique for selective expression of miR-5p and
miR-3p strands is required to identify distinct
targets of miRNAs. In this paper, we report the
synthesis and properties of miRNA duplexes
carrying biaryl units at the 5-terminus of one

strand. We found that incorporation of biaryl
units at the 5-terminus of one strand of miRNA
duplexes induced strand specificity in these du-
plexes. Further, we succeeded in identifying en-
dogenous mRNA targets for each strand of the
duplex by using the biaryl-modified miRNA du-
plexes.

Publications

Tando, T., Ishizaka, A., Watanabe, H., Ito, T.,
lida, S., Haraguchi, T., Mizutani, T., Izumi, T.,
Isobe, T., Akiyama, T., Inoue, J., and Iba, H.
Requiem protein links RelB/p52 and the Brm-
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NF«xB pathway. . Biol. Chem., 285: 21951-
21960 (2010)

Ogata, A., Furukawa, C., Sakurai, K., Iba, H., Ki-
tade, Y., and Ueno, Y. Biaryl modification of
the 5’-terminus of one strand of a microRNA
duplex induces strand specificity. Bioorg. Med.
Chem. Lett., 20(24): 7299-7302 (2010)

Yoshikawa, K., Ogata, A., Matsuda, C., Kohara,
M., Iba, H., Kitade, Y., and Ueno, Y. Incorpo-
ration of biaryl units into the 5" and 3" ends of
sense and antisense strands of siRNA du-
plexes improves strand selectivity and nucle-

ase resistance. Bioconjug. Chem., in press
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Viruses can cause devastating diseases. The long-term goal of our research is to
understand the molecular pathogenesis of viral diseases, using influenza and
Ebola virus infections as models. Interactions between viral and host gene prod-
ucts during viral replication cycles determine the consequences of infection (i.e.,
the characteristics of disease manifestation, whether limited or widespread);
hence, our research has centered on such interactions in theses viral infections.

1. T-705 (favipiravir) activity against lethal H5
N1 influenza A viruses

Kiso M, Takahashi K', Sakai-Tagawa Y, Shi-
nya K? Sakabe S, Le QM?®, Ozawa M, Furuta
Y, Kawaoka Y: 'Research Laboratories,
Toyama Chemical Co., Ltd., °Department of
Microbiology and Infectious Diseases, Kobe
University, °National Institute of Hygiene and
Epidemiology, Vietnam.

The neuraminidase inhibitors oseltamivir and
zanamivi are used to treat HSN1 influenza.
However, oseltamivir-resistant H5N1 viruses
have been isolated from oseltamivir-treated pa-
tients. Moreover, reassortment between H5N1
viruses and oseltamvir-resistant human HIN1
viruses currently circulating could create
oseltamivir-resistant H5N1 viruses, rendering
the oseltamivir stockpile obsolete. Therefore,
there is a need for unique and effective antivi-
rals to combat H5N1 influenza viruses. The in-

vestigational drug T-705 (favipiravir; 6-fluoro-3-
hydroxy-2-pyrazinecarboxamide) has antiviral
activity against seasonal influenza viruses and a
mouseadapted HS5N1 influenza virus derived
from a benign duck virus. However, its efficacy
against highly pathogenic H5N1 viruses, which
are substantially more virulent, remains unclear.
Here, we demonstrate that T-705 effectively pro-
tects mice from lethal infection with oseltamivir-
sensitive or -resistant highly pathogenic H5N1
viruses. Furthermore, our biochemical analysis
suggests that T-705 ribofuranosyl triphosphate,
an active form of T-705, acts like purines or pu-
rine nucleosides in human cells and does not in-
hibit human DNA synthesis. We conclude that
T-705 shows promise as a therapeutic agent for
the treatment of highly pathogenic H5N1 influ-
enza patients.

2. Characterization of the Ebola virus nucleo-
protein -RNA complex
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Noda T*, Hagiwara K®°, Sagara H®, Kawaoka Y:
‘International Research Center for Infectioous
Diseases, IMSUT, *Viral Infectious Disease
Unit, RIKEN, *Medical Proteomics Laboratory,
IMSUT.

When Ebola virus nucleoprotein (NP) is ex-
pressed in mammalian cells, it assembles into
helical structures. Here, the recombinant NP he-
lix purified from cells expressing NP was char-
acterized biochemically and morphologically.
We found that the recombinant NP helix is asso-
ciated with non-viral RNA, which is not pro-
tected from RNase digestion and that the mor-
phology of the helix changes depending on the
environmental salt concentration. The N-
terminal 450 aa residues of NP are sufficient for
these properties. However, digestion of the NP-
associated RNA eliminates the plasticity of the
helix, suggesting that this RNA is an essential
structural component of the helix, binding to in-
dividual NP molecules via the N-terminal 450
aa. These findings enhance our knowledge of
Ebola virus assembly and understanding of the
Ebola virus life cycle.

3. Efficacy of the New Neuraminidase Inhibi-
tor CS-8958 against H5N1 Influenza Vi-
ruses

Kiso M, Kubo S, Ozawa M, Le QM?, Nidom
CA® Yamashita M’, Kawaoka Y: 'Biological
Research Laboratories, Daiichi Sankyo Co.
Ltd., *Tropical Disease Centre, Airlangga Uni-
versity, Indonesia.

Currently, two neuraminidase (NA) inhibitors,
oseltamivir and zanamivir, which must be ad-
ministrated twice daily for 5 days for maximum
therapeutic effect, are licensed for the treatment
of influenza. However, oseltamivir-resistant mu-
tants of seasonal HIN1 and highly pathogenic H
5N1 avian influenza A viruses have emerged.
Therefore, alternative antiviral agents are
needed. Recently, a new neuraminidase inhibi-
tor, R-125489, and its prodrug, CS-8958, have
been developed. CS-8958 functions as a long-
acting NA inhibitor in vivo (mice) and is effica-
cious against seasonal influenza strains follow-
ing a single intranasal dose. Here, we tested the
efficacy of this compound against H5N1 influ-
enza viruses, which have spread across several
continents and caused epidemics with high mor-
bidity and mortality. We demonstrated that R-
125489 interferes with the NA activity of H5N1
viruses, including oseltamivir-resistant and dif-
ferent clade strains. A single dose of CS-8958
(1,500 mg/kg) given to mice 2 h post-infection
with H5N1 influenza viruses produced a higher

survival rate than did continuous five-day ad-
ministration of oseltamivir (50 mg/kg twice
daily). Virus titers in lungs and brain were sub-
stantially lower in infected mice treated with a
single dose of CS-8958 than in those treated
with the five-day course of oseltamivir. CS-8958
was also highly efficacious against highly patho-
genic H5N1 influenza virus and oseltamivir-
resistant variants. A single dose of CS-8958
given seven days prior to virus infection also
protected mice against H5N1 virus lethal infec-
tion. To evaluate the improved efficacy of CS-
8958 over oseltamivir, the binding stability of R-
125489 to various subtypes of influenza virus
was assessed and compared with that of other
NA inhibitors. We found that R-125489 bound
to NA more tightly than did any other NA in-
hibitor tested. Our results indicate that CS-8958
is highly effective for the treatment and prophy-
laxis of infection with H5N1 influenza viruses,
including oseltamivir-resistant mutants.

4. Sensitivity of influenza rapid diagnostic
tests to H5N1 and 2009 pandemic H1N1 vi-
ruses.

Sakai-Tagawa Y, Ozawa M, Tamura D, Le
QM?, Nidom CA?® Sugaya N°, Kawaoka Y: °De-
partment of Pediatrics, Keiyu Hospital.

Simple and rapid diagnosis of influenza is
useful to treatment decision-making in the clini-
cal setting. Although many influenza rapid di-
agnostic tests (IRDTs) are available for the de-
tection of seasonal influenza virus infections,
their sensitivity for other viruses, such as H5N1
viruses and the recently emerged swine-origin
pandemic (HIN1) 2009 virus, remains largely
unknown. Here, we examined the sensitivity of
20 IRDTs to various influenza virus strains, in-
cluding H5N1 and 2009 pandemic HINI vi-
ruses. Our results indicate that the detection
sensitivity to swine-origin HIN1 viruses varies
widely among IRDTs, with some tests lacking
sufficient sensitivity to detect the early stages of
infection when the virus load is low.

5. Biological and structural characterization
of a host-adapting amino acid in influenza
virus.

Yamada S, Hatta M™, Staker B", Watanabe S,
Imai M*, Shinya K’ Sakai-Tagawa Y, [to M,
Ozawa M, Watanabe T Li C*° Kim J-H",
Myler PJ%, Phan I*, Raymond A", Smith E",
Stacy R", Nidom CA°® Lank SM™, Wiseman
RW?*, Bimber BN®, O’Connor DH®, Neumann
G", Stewart LJ", Kawaoka Y: “Influenza Re-
search Institute, Department of Pathobiological
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Sciences, School of Veterynary Medicine, Uni-
versity of Wisconsin-Madison, USA, “Seattle
Structural Genomic Center for Infectious Dis
ease, USA, “Wisconsin National Primate Re-
search Center, University of Wisconsin-
Madison, USA.

Two amino acids (lysine at position 627 or as-
paragine at position 701) in the polymerase
subunit PB2 protein are considered critical for
the adaptation of avian influenza A viruses to
mammals. However, the recently emerged pan-
demic HIN1 viruses lack these amino acids.
Here, we report that a basic amino acid at posi-
tion 591 of PB2 can compensate for the lack of
lysine at position 627 and confers efficient viral
replication to pandemic HIN1 viruses in mam-
mals. Moreover, a basic amino acid at position
591 of PB2 substantially increased the lethality
of an avian H5N1 virus in mice. We also present
the X-ray crystallographic structure of the C-
terminus of a pandemic HINI1 virus PB2 pro-
tein. Arginine at position 591 fills the cleft found
in H5N1 PB2 proteins in this area, resulting in
differences in surface shape and charge for HIN
1 PB2 proteins. These differences may affect the
protein’s interaction with viral and/or cellular
factors, and hence its ability to support virus
replication in mammals.

6. Characterization of oseltamivir-resistant
2009 H1N1 pandemic influenza A viruses.

Kiso M, Shinya K? Shimojima M, Takano R,
Takahashi K, Katsura H, Kakugawa S, Le
MQ? Yamashita M’, Furuta Y', Ozawa M,
Kawaoka Y.

Influenza viruses resistant to antiviral drugs
emerge frequently. Not surprisingly, the wide-
spread treatment in many countries of patients
infected with 2009 pandemic influenza A (HIN
1) viruses with the neuraminidase (NA) inhibi-
tors oseltamivir and zanamivir has led to the
emergence of pandemic strains resistant to these
drugs. Sporadic cases of pandemic influenza
have been associated with mutant viruses pos-
sessing a histidine-to-tyrosine substitution at po-
sition 274 (H274Y) in the NA, a mutation known
to be responsible for oseltamivir resistance.
Here, we characterized in vitro and in vivo
properties of two pairs of oseltaimivir-sensitive
and -resistant (possessing the NA H274Y substi-
tution) 2009 HIN1 pandemic viruses isolated in
different parts of the world. An in vitro NA in-
hibition assay confirmed that the NA H274Y
substitution confers oseltamivir resistance to
2009 HIN1 pandemic viruses. In mouse lungs,
we found no significant difference in replication

between oseltamivir-sensitive and -resistant vi-
ruses. In the lungs of mice treated with
oseltamivir or even zanamivir, 2009 HIN1 pan-
demic viruses with the NA H274Y substitution
replicated efficiently. Pathological analysis re-
vealed that the pathogenicities of the oseltamivir
-resistant viruses were comparable to those of
their oseltamivir-sensitive counterparts in fer-
rets. Further, the oseltamivir-resistant viruses
transmitted between ferrets as efficiently as their
oseltamivir-sensitive counterparts. Collectively,
these data indicate that oseltamivir-resistant
2009 HIN1 pandemic viruses with the NA H274
Y substitution were comparable to their
oseltamivir-sensitive counterparts in their patho-
genicity and transmissibility in animal models.
Our findings highlight the possibility that NA H
274Y-possessing oseltamivir-resistant 2009 HIN1
pandemic viruses could supersede oseltamivir-
sensitive viruses, as occurred with seasonal HIN
1 viruses.

7. Significance of seasonal influenza viruses
in the stool of pediatric patients.

Tamura D, Fujino M*®, Ozawa M, Iwatsuki-
Horimoto K, Goto H, Sakai-Tagawa Y, Hori-
moto T, Nirasawa M*, Kawaoka Y: “Depart-
ment of Pediatrics, Tokyo Saiseikai Central
Hospital.

Seasonal influenza patients occasionally ex-
hibit gastrointestinal symptoms. Although sea-
sonal influenza viral RNA has been detected in
stool specimens from influenza patients, the vi-
rological significance is unknown. To detect in-
fluenza viral genes, 28 stool specimens were col-
lected from 18 pediatric influenza patients and
subjected to one step RT-PCR. To isolate infec-
tious virus from stool samples, the stool speci-
mens were inoculated into Madin-Darby canine
kidney cells and embryonated chicken eggs. Al-
though more than 60% of the stool specimens
tested positive by RT-PCR, 46% of patients with
viral gene-positive stools exhibit no gastrointes-
tinal symptoms. An infectious virus was recov-
ered from only one sample. These results indi-
cate that fecal excretion of seasonal influenza vi-
ruses does not appear to be a public health con-
cern.

8. High genetic compatibility between swine-
origin HIN1 and highly pathogenic avian H
5N1 influenza viruses.

Octaviani CP, Ozawa M, Yamada S, Goto H,
Kawaoka Y.

Reassortment is an important mechanism for
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the evolution of influenza viruses. Here, we co-
infected cultured cells with the pandemic swine-
origin influenza virus (S-OIV) and a contempo-
rary H5N1 virus and found that these two vi-
ruses have high genetic compatibility. Studies of
human lung cell lines indicated that some reas-
sortants had better growth kinetics than their
parental viruses. We conclude that reassortment
between these two viruses can occur and could
create pandemic H5N1 viruses.

9. The HA and NS genes of human H5NL1 in-
fluenza A virus contribute to high viru-
lence in ferrets.

Imai H, Shinya K? Takano R, Kiso M, Mura-
moto Y, Sakabe S, Murakami S, Ito M,
Yamada S, Le MQ°®, Nidom CA?®, Sakai-Tagawa
Y, Takahashi K, Omori Y, NodaT, Shimojima
M, Kakugawa S, Goto H, Iwatsuki-Horimoto
K, Horimoto T, Kawaoka Y.

Highly pathogenic H5N1 influenza A viruses
have spread across Asia, Europe, and Africa.
More than 500 cases of H5N1 virus infection in
humans, with a high lethality rate, have been re-
ported. To understand the molecular basis for
the high virulence of H5N1 viruses in mammals,
we tested the virulence in ferrets of several H5N
1 viruses isolated from humans and found A/
Vietnam/UT3062/04 (UT3062) to be the most
virulent and A/Vietnam/UT3028/03 (UT3028)
to be avirulent in this animal model. We then
generated a series of reassortant viruses between
the two viruses and assessed their virulence in
ferrets. All of the viruses that possessed both the
UT3062 hemagglutinin (HA) and nonstructural
protein (NS) genes were highly virulent. By con-
trast, all those possessing the UT3028 HA or NS
genes were attenuated in ferrets. These results
demonstrate that the HA and NS genes are re-
sponsible for the difference in virulence in fer-
rets between the two viruses. Amino acid differ-
ences were identified at position 134 of HA, at
positions 200 and 205 of NS1, and at positions
47 and 51 of NS2. We found that the residue at

position 134 of HA alters the receptor-binding
property of the virus, as measured by viral elu-
tion from erythrocytes. Further, both of the resi-
dues at positions 200 and 205 of NS1 contrib-
uted to enhanced type I interferon (IFN) antago-
nistic activity. These findings further our under-
standing of the determinants of pathogenicity of
H5NT1 viruses in mammals.

10. A cross-reactive neutralizing monoclonal
antibody protects mice from H5N1 and
pandemic (H1N1) 2009 virus infection.

Sakabe S, |wastuki-Horimoto K, Horimoto T,
Nidom CA® Le QM?® Takano R, Kubota-
Koketsud R*, Okuno Y*, Ozawa M, Kawaoka
Y: “Research Center for Infectious Disease
Control, Research Institute for Microbial Dis
eases, Osaka University, “Kanonji Institute,
The Research Foundation for Microbial Dis
eases of Osaka University.

A novel influenza (HIN1) virus caused an in-
fluenza pandemic in 2009, while highly patho-
genic H5N1 avian influenza viruses have contin-
ued to infect humans since 1997. Influenza,
therefore, remains a serious health threat. Cur-
rently, neuraminidase (NA) inhibitors are the
mainstay for influenza therapy; however, drug-
resistant mutants of seasonal HIN1 and H5N1
viruses have emerged highlighting the need for
alternative therapeutic approaches. One such ap-
proach is antibody immunotherapy. Here, we
show that the monoclonal antibody C179, which
recognizes a neutralizing epitope common
among H1, H2, H5, and H6 hemagglutinins
(HAs), protected mice from a lethal challenge
with various H5N1 and pandemic (HIN1) 2009
viruses when administered either intraperito-
neally or intranasally. The protective efficacy of
intranasally inoculated C179 was comparable to
that of intraperitoneal administration. Our re-
sults suggest that direct administration of this
anti-influenza antibody to viral replication sites
is an effective strategy for prophylaxis and ther-

apy.

Publications

Kim JH, Hatta M, Watanabe S, Neumann G,
Watanabe T, Kawaoka Y. Role of host-specific
amino acids in the pathogenicity of avian H5
N1 influenza viruses in mice. J] Gen Virol 91:
1284-1289, 2010.

Kiso M, Takahashi K, Sakai-Tagawa Y, Shinya
K, Sakabe S, Le QM, Ozawa M, Furuta Y,
Kawaoka Y. T-705 (favipiravir) activity against
lethal H5N1 influenza A viruses. Proc Natl

Acad Sci U S A 107: 882-887, 2010.

Shinya K, Makino A, Hatta M, Watanabe S, Kim
JH, Kawaoka Y. A mutation in H5 hemagglu-
tinin that conferred human receptor recogni-
tion is not stably maintained during duck pas-
sage. ] Gen Virol 91: 1461-1463, 2010.

Shtanko O, Imai M, Goto H, Lukashevich IS,
Neumann G, Watanabe T, Kawaoka Y. A role
for the C-terminus of Mopeia virus nucleopro-



25

tein in its incorporation into Z-induced virus-
like particles. J Virol 84: 5415-5422, 2010.

Noda T, Hagiwara K, Sagara H, Kawaoka Y.
Characterization of the Ebola  virus
nucleoprotein-RNA complex. ] Gen Virol 91:
1478-1483, 2010.

Kiso M, Kubo S, Ozawa M, Le QM, Nidom CA,
Yamashita M, Kawaoka Y. Efficacy of the new
neuraminidase inhibitor CS-8958 against H5N
1 influenza viruses. PLoS Pathog 6: 21000786,
2010.

Li C, Hatta M, Nidom CA, Muramotod Y,
Watanabe S, Neumann G, Kawaoka Y. Reas-
sortment between avian H5N1 and human H3
N2 influenza viruses creates hybrid viruses
with substantial virulence. Proc Natl Acad Sci
U S A 107: 4678-4683, 2010.

Jasenosky LD, Neumann G, Kawaoka Y. A
minigenome-based reporter system suitable
for high-throughput screening of compounds
able to inhibit Ebolavirus replication and/or
transcription. Antimicrob Agents Chemother
54: 3007-3010, 2010.

Matsuno K, Kishida N, Usami K, Igarashi M,
Yoshida R, Nakayama E, Shimojima M, Feld-
mann H, Irimura T, Kawaoka Y, Takada A.
Different potential of C-type lectin-mediated
entry between Marburg virus strains. ] Virol
84: 5140-5147, 2010.

Sakai-Tagawa Y, Ozawa M, Tamura D, Le QM,
Nidom CA, Sugaya N, Kawaoka Y. Sensitivity
of influenza rapid diagnostic tests to H5N1
and 2009 pandemic HIN1 viruses. ] Clin Mi-
crobiol 48: 2872-2877, 2010.

Grandea III AG., Olsen OA, Cox TC, Renshaw
M, Hammond PW, Chan-Hui P-Y, Mitcham ],
Cieplak W, Stewart SM, Grantham ML,
Pekosz A, Kiso M, Shinya K, Hatta M,
Kawaoka Y, Moyle M. Human antibodies re-
veal a protective epitope that is highly con-
served among human and non-human influ-
enza A viruses. Proc Natl Acad Sci U S A 107:
12658-12663, 2010.

Yamada S, Hatta M, Staker B, Watanabe A, Imai
M, Shinya K, Sakai-Tagawa Y, Ito M, Ozawa
M, Watanabe T, Li C, Kim J-H, Myler PJ,
Phan I, Raymond A, Smith E, Stacy R, Nidom
CA, Lank SM, Wiseman RW, Bimber BN,
O’Connor DH, Neumann G, Stewart LJ,
Kawaoka Y. Biological and structural charac-
terization of a host-adapting amino acid in in-
fluenza virus. PLoS Pathog 6: €1001034, 2010.

Le QM, Ito M, Muramoto Y, Hoang PVM,
Vuong CD, Sakai-Tagawa Y, Kiso M, Takano
R, Kawaoka Y. Pathogenicity of highly patho-
genic avian H5N1 influenza A viruses isolated
from humans from 2003 to 2008 in Northern
Vietnam. ] Gen Virol 91: 2485-2490, 2010.

Nidom CA, Takano R, Yamada S, Sakai-Tagawa

Y, Daulay S, Aswadi D, Suzuki T, Suzuki Y,
Shinya K, Iwatsuki-Horimoto K, Muramoto Y,
Kawaoka Y. H5N1 influenza viruses from
pigs in Indonesia. Emerg Inf Dis 16: 1515-
1523, 2010.

Kiso M, Shinya K, Shimojima M, Takano R,
Takahashi K, Katsura H, Kakugawa S, Le MQ,
Yamashita M, Furuta Y, Ozawa M, Kawaoka
Y. Characterization of oseltamivir-resistant
2009 HIN1 pandemic influenza A viruses.
PLoS Pathog 6: 1001079, 2010.

Tamura D, Fujino M, Ozawa M, Iwatsuki-
Horimoto K, Goto H, Sakai-Tagawa Y, Hori-
moto T, Nirasawa M, Kawaoka Y. Significance
of seasonal influenza viruses in the stool of
pediatric patients. Pediatr Infect Dis J 29: 578-
579, 2010.

Octaviani CP, Ozawa M, Yamada S, Goto H,
Kawaoka Y. High genetic compatibility be-
tween swine-origin HIN1 and highly patho-
genic avian H5N1 influenza viruses. ] Virol
84: 10918-10922, 2010.

Imai H, Shinya K, Takano R, Kiso M, Muramoto
Y, Sakabe S, Murakami S, Ito M, Yamada S,
Le MQ, Nidom CA, Sakai-Tagawa Y, Taka-
hashi K, Omori Y, NodaT, Shimojima M,
Kakugawa S, Goto H, Iwatsuki-Horimoto K,
Horimoto T, Kawaoka Y. The HA and NS
genes of human H5N1 influenza A virus con-
tribute to high virulence in ferrets. PLo0S
Pathog 6: 1001106, 2010.

Nanbo A, Imai M, Watanabe S, Noda T, Taka-
hashi K, Neumann G, Halfmann P, Kawaoka
Y. Ebolavirus is internalized into host cells via
macropinocytosis in a viral glycoprotein-
dependent manner. PLoS Pathog 6: 1001121,
2010.

Hatta Y, Hershberger K, Shinya K, Dubielzig
RR, Hatta M, Kawaoka Y, Suresh M. Viral
replication rate regulates clinical outcome and
CD8 T cell responses during highly patho-
genic H5N1 influenza virus infection in mice.
PLoS Pathog 6: €1001139, 2010.

Iwai A, Shiozaki T, Kawai T, Akira S, Kawaoka
Y, Takada A, Kida H, Miyazaki T. Influenza
A virus polymerase inhibits type I interferon
induction by binding to interferon beta pro-
moter stimulator 1. ] Biol Chem 285: 32064-
32074, 2010.

Chen Y, Zhong G, Wang G, Deng G, Li Y, Shi J,
Zhang Z, Guan Y, Jiang Y, Bu Z, Kawaoka Y,
Chen H. Dogs are highly susceptible to H5N1
avian influenza virus. Virology 405: 15-19,
2010.

Monteerarat Y, Sakabe S, Ngamurulert S, Sricha-
traphimuk S, Jiamtom W, Chaichuen K, Thi-
tithanyanont A, Permpikul P, Songserm T,
Puthavathana P, Nidom CA, Mai le Q,
Iwatsuki-Horimoto K, Kawaoka Y, Auewara-



26

kul P. Induction of TNF-alpha in human
macrophages by avian and human influenza
viruses. Arch Virol 155: 1273-1279, 2010.

Yamayoshi S, Neumann G, Kawaoka Y. Role of
the GTPase Rablb in ebolavirus particle for-
mation. J Virol. 84: 4816-4820, 2010.

Sakabe S, Iwastuki-Horimoto K, Horimoto T,
Nidom CA, Le QM, Takano R, Kubota-
Koketsud R, Okuno Y, Ozawa M, Kawaoka Y.
A cross-reactive neutralizing monoclonal anti-
body protects mice from H5N1 and pandemic
(HINT) 2009 virus infection. Antiviral Res 88:
249-255, 2010.

Arii J, Goto H, Suenaga T, Oyama M, Kozuka-
Hata H, Imai T, Minowa A, Akashi H, Arase
H, Kawaoka Y, Kawaguchi Y. Non-muscle
myosin IIA is a functional entry receptor for
herpes simplex virus-1. Nature 467: 859-862,
2010.

Takahashi T, Kurebayashi Y, Ikeya K, Mizuno T,
Fukushima K, Kawamoto H, Kawaoka Y,
Suzuki Y, Suzuki T. The low-pH stability dis-
covered in neuraminidase of 1918 pandemic
influenza A virus enhances virus replication.
PLoS One 5: €15556, 2010.

Haraguchi H, Sudo S, Noda T, Momose F,
Kawaoka Y, Morikawa Y. Intracellular local-
ization of human immunodeficiency virus
type 1 Gag and GagPol products and virus
particle release: relationship with the Gag-to-
GagPol ratio. Microbiol Immunol 54: 734-746,
2010.

Hatakeyama S, Ozawa M, Kawaoka Y. In vitro
selection of influenza B viruses with reduced
sensitivity to neuraminidase inhibitors. Clin
Microbiol Infect (in press).

Song J, Feng H, Xu J, Zhao D, Shi ], Li Y, Deng
G, Jiang Y, Li X, Zhu P, Guan Y, Bu Z,
Kawaoka Y, Chen H. The PA protein directly
contributes to the virulence of H5N1 avian in-

fluenza viruses in domestic ducks. J Virol (in
press).

Kuhn JH, Becker S, Ebihara H, Geisbert TW,
Johnson KM, Kawaoka Y, Lipkin WI, Negredo
Al, Netesov SV, Nichol ST, Palacios G, Peters
(], Tenorio A, Volchkov VE, Jahrling PB. Pro-
posal for a revised taxonomy of the family
Filoviridae: classification, names of taxa and
viruses, and virus abbreviations. Arch Virol
155: 2083-2103, 2010.

Kawakami E, Watanabe T, Fujii K, Goto H,
Watanabe S, Noda T, Kawaoka Y. Strand-
specific real-time RT-PCR for distinguishing
influenza vRNA, cRNA, and mRNA. J Virol
Methods (in press).

Safronetz D, Rockx B, Feldmann F, Belisle SE,
Palermo RE, Brining D, Gardner D, Proll SC,
Marzi A, Tsuda Y, Lacasse RA, Kercher L,
York A, Korth MJ, Long D, Rosenke R, Shu-
pert WL, Alpuche Aranda C, Mattoon JS, Ko-
basa D, Kobinger G, Li Y, Taubenberger JK,
Richt JA, Parnell M, Ebihara H, Kawaoka Y,
Katze MG, Feldmann H. Pandemic Swine-
Origin HIN1 Influenza A Isolates Show Het-
erogeneous Virulence in Macaques. ] Virol (in
press).

Shiozaki T, Iwai A, Kawaoka Y, Takada A, Kida
H, Miyazaki T. Requirement of Siva-1 for rep-
lication of influenza A virus through apopto-
sis induction. ] Gen Virol (in press).

Akarsu H, Iwatsuki-Horimoto K, Noda T,
Kawakami E, Katsura H, Baudin F, Horimoto
T, Kawaoka Y. Structure-based design of NS2
mutants for attenuated influenza A virus vac-
cines. Virus Res (in press).

Octaviani CP, Li C, Noda T, Kawaoka Y. Reas-
sortment between seasonal and swine-origin
HIN1 influenza viruses generates viruses
with enhanced growth ability in cell culture.
Virus Res (in press).



27

Department of Microbiology and Immunology

Division of Infectious Genetics

YRR T By

Professor Kensuke Miyake, M.D., Ph.D.
Assistant Professor  Sachiko Akashi-Takamura, M.D., Ph.D.
Assistant Professor  Takahisa Furuta, D.V.M., Ph.D.
Assistant Professor  Shin-Ichiroh Saitoh, Ph.D.

oo EFEELE = % @ i
By # R mA OREDHT
By # Rt o H OB A
By # REfE 3 BB RE

TLRs.

Immune cells express multiple Toll-like receptors (TLRs) that are concomitantly ac-
tivated by a variety of pathogen products during microbial and viral infection. TLRs
also sense our internal molecules such as RNA and DNA. There is presumably a
need to coordinate the expression and function of TLRs in individual cells. Recent
reports also have indicated that losing the balance of TLRs responses is a
mechanism to cause autoimmune diseases. Our research focuses on molecular
regulatory mechanisms to coordinate pathogen and internal ligands recognition by

1. The search for internal ligand of MD-1.

Sachiko Akashi-Takamura, Natsuko Yamaka-
wa, Takuma Shibata, And Kensuke Miyake

MD-1 is a glycoprotein which associates with
RP105 protein. RP105 is a lymphocyte or mye-
loid derived cell-surface molecule which has
LRR (leucine rich-repeat) motif like TLRs (Toll-
like receptors). In the absence of MD-1, cells are
unable to express RP105 on their surface, and
thusly RP105 loses function. RP105/MD-1 com-
plex induces lymphocyte B-cell proliferate sig-
nal, and this signal inhibits B-cell apoptosis
which was induced by radiation.

RP105 /" or MD-1 /" mice-derived B cells are
hyporesponsive to TLR2 or TLR4 ligands. These
results show that RP105/MD-1 posititively regu-
late TLR2/4 stimulation. Recently several other
groups showed that MD-1 interacts with lipo-
polysaccharide (LPS, ecdotoxin) or lipidIVa,
which are also TLR4 ligands. These results show
that RP105/MD-1 closely affects the TLR2/4
function.

Previously our laboratory member reported

that B cells are constitutively activated by
TLR2/4 and RP105 (Kobayashi T., International
Immunology., 2008). Such B cell activation was
revealed by the Y3 germ line transcript and se-
rum IgG3 production, both of which were im-
paired by the lack of RP105 or TLR2/4. Serum
IgG3 was not altered in germ-free or antibiotics-
treated mice, suggesting that the microbial flora
hardly contributes to the continuous activation
of B cells.

We supposed this tonic activity was induced
from some internal ligand from host. Recently
we established novel anti-MD-1 mAbs (JR
clones). One of antibody is able to recognize the
conformation change of MD-1. To identify the
internal ligand, now I check the conformation
change of MD-1 on B cell surface after incuba-
tion with several internal ligand.

The lack of RP105-dependent B cell activation
ameliorated disease progression in lupus-prone
MRL/lIpr mice (Kobayashi T., International Im-
munology., 2008). RP105 ' MRL/lpr mice
showed less lymphoadenopathy/splenomegaly
and longer survival than MRL/Ipr mice. These
results suggest that RP105-dependent tonic B
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cell activation has a pathogenic role in MRL/lpr
mice. Now we check the pathogenic role of MD-
1 in MRL/Ipr mice.

2. Roles for Unc93 homolog Bl-dependent
TLR7/9 balance in vivo

Ryutaro Fukui', Shin-Ichiroh Saitoh', Atsuo
Kanno', Masahiro Onji*, Takuma Shibata’,
Akihiko Itoh®!, Nobuaki Yoshida?, & Kensuke
Miyake"’: 'Division of Infectious Genetics,
‘Center for Experimental Medicine and Sys
tems Biology, *Division of Molecular Pathology,
The Ingtitute of Medical Science, The Univer-
sity of Tokyo, 4-6-1 Shirokanedai, Minatoku,
TOKY01208-8639, Japan. ‘Present address:
Department of Pathology, Kinki University
Faculty of Medicine, 377-2 Ohno-Higashi,
Sayama City, Osaka 589-8511, Japan

Toll-like receptor 7 (TLR7) and TLR9Y recog-
nize microbial RNA and DNA, respectively.
These nucleic acid sensing TLRs potentially rec-
ognize self-derived nucleic acid and have been
shown to have a role in autoimmune diseases. It
is important to keep the responsiveness of the
nucleic acid-sensing TLRs under the tight con-
trol.

Unc93 homolog Bl (Unc93B1) is reported to
be indispensable for TLR7/9 response. We
showed that the alanine substitution for the 34"
aspartic acid (D34A) of Unc93B1 enhanced TLR7
response but downregulated TLR9 response.
These results suggest that TLR7 and TLR9 are
reciprocally linked by Unc93B1, and the TLR7/
TLRY balance is biased towards TLR9Y in the
steady state.

To clarify a role for Unc93Bl-dependent
TLR7/TLRY balance in vivo, we generated
knock-in mice harboring the D34A mutation in
the Unc93B1 gene. D34A knock-in mice were
born normally. Ex vivo analyses revealed TLR7
hyper-responsiveness and TLR9 hypo-respon-
siveness in conventional dendritic cells (cDC),
which is consistent with preceding in vitro stud-
ies. Further study is underway to see TLR7/9
responses in other types of immune cells and in
vivo consequences of TLR7 skewing of the
TLR7/9 balance.

3. Participation of mast cell-derived VEGF
and proteases in severe Dengue virus in-
fection.

Takahisa Furuta™, Lyre Anni Murao’, Nguyen
Thi Phuong Lan? Nguyen Tien Huy®, Cao Thi
Phi Nga’, Vo Dinh Tham®, Vu Thi Que Huong’,
Vo Dinh Tham®, Tran Van Dat’, Tran Thi
Ngoc Ha’, Yasukazu Ohmoto’, Mihoko Kiku-

chi®®, Kouichi Morita®®, MichioYasunami®,
Kenji Hirayama®’, and Naohiro Watanabe™:
'Divison of Infectious Genetics, Institute of
Medical Science, University of Tokyo, Tokyo,
Japan, ’Laboratory of Bacteriology, Pasteur
Institute, Ho Chi Minh City, Viet Nam, *Arbo-
virus Laboratory, Pasteur Institute, Ho Chi
Minh City, Viet Nam, ‘Children’s Hospital
No. 2, Ho Chi Minh City, Viet Nam, *Center
for Preventive Medicine, Vinh Long Province,
Viet Nam, °Department of Immunogenetics, In-
stitute of Tropical Medicine (NEKKEN), Na-
gasaki University, Nagasaki, Japan, ‘Free Radi-
cal Research Institute, Ostuka Pharmaceutical
CO., Ltd., Tokushima, Japan, °Center of Inter-
national Collaborative Research, Nagasaki Uni-
versity, Nagasaki, Japan, *Department of Virol-
ogy, NEKKEN, Nagasaki University, Nagasaki,
Japan, “Global COE Program, Nagasaki Uni-
versity, Nagasaki, Nagasaki, Japan, “Depart-
ment of Tropical Medicine, Jikei University
School of Medicine, Tokyo, Japan.

Recent in vitro study has suggested the in-
volvement of mast cells in Dengue virus infec-
tion, however, the role of mast cells in this infec-
tion has not yet been elucidated. To clarify
these, plasma level of mast cell-derived media-
tors, vascular endothelial cell growth factor
(VEGEF), tryptase and chymase was compared
between Dengue patients and control subjects.
Plasma samples were obtained from children in
Southern Vietnam. The levels of these mediators
were significantly increased in Dengue hemor-
rhagic fever (DHF) and Dengue shock syndrome
(DSS) patients compared with Dengue fever
(DF) and the control (febrile illness and healthy
subjects), and soluble form of VEGF receptor
(sVEGFR-1 and -2) levels was also significantly
changed in these patients. After the treatment of
Dengue patients, these levels were returned to
similar levels with DF and the control. Further-
more, since IL-9 is a T cell-derived mast cell ac-
tivator and secreted from Th17 cells, plasma lev-
els of IL-9 and IL-17 were also measured in
Dengue patients and the control. IL-9 and IL-17
levels were increased in DHF and DSS, and in
vitro production of VEGF in human mast cells
was significantly enhanced in the presence of
IL-9 when these cells were inoculated with Den-
gue virus and human Dengue immune serum.
Since mast cells are known as a main source of
VEGEF, and tryptase and chymase are considered
as a specific marker for mast cell activation,
mast cells and mast cells-derived mediators
might participate in the development of Dengue
hemorrhagic fever.
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4. Identification of regulatory molecules for
UNC93b1, TLR7, and TLR9

Shin-ichiroh Saitoh, He Zhao, Mabel Chan,
Masahiro Onji, Atsuo Kanno, Yusuke Mura-
kami, Ryutaroh Fukui, and Kensuke Miyake

Toll-like receptors (TLR) 7 and 9 recognize
microbial nucleic acids in endolysosomes, and
initiate innate and adaptive immune responses.
TLR7/9 in dendritic cells (DC) also responds to
self-derived RNA/DNA, respectively, and drive

autoantibody production. However, little is
known about mechanism of RNA/DNA recog-
nition by TLR7/9. Our goal is to understand the
mechanism. Unc93 homolog Bl (Unc93B1) is re-
ported to be indispensable for TLR7/9 response.
Unc93B1 associates with and delivers TLR7/9
from the ER to endolysosomes. We try to iden-
tify regulatory molecules associated with UNC
93b1 as a positive and negative regulator by us-
ing LC-Ms/Ms analysis. We also try comple-
mentation cloning with a TLR7/9-unresponsive
cell line.
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The mucosal immune system not only plays an important role as the first line of
immunological defense for preventing the host from invasion of harmful microor-
ganisms, but also contributes to the establishment and maintenance of mucosal
homeostasis. Our major focus is the elucidation and understanding of molecular
and cellular nature of the mucosal immune system for the development of mu-
cosal vaccine against infectious diseases and mucosal immune therapy for
mucosa-associated diseases, such as food allergy and inflammatory diseases.

1. MucoRice for New Generation of Oral Vac-
cine

Yoshikazu Yuki', Daisuke Tokuhara, Mio Me-
jima', Shiho Kurokawa', Yuko Takahashi*, To-
monori Nochi*, Aya Chubachi’, Yingju Chen’,
Ushio Nakanishi*, Hiroshi Kiyono': ‘Division of
Mucosal Immunology, Department of Microbi-
ology and Immunology, The Institute of Medi-
cal Science, The University of Tokyo,

In general, protein-based drugs, including
vaccines, are not stable for long periods at room
temperature (RT). However, considering the
field conditions under which vaccination is per-
formed in developing countries, vaccine prepa-
rations should be able to tolerate even higher
temperatures than RT. We therefore developed
the rice-based oral delivery system as a cold-
chain-free vaccine. Our studies have proven that
rice-seed-expressed vaccine (or MucoRice) (1) is
stable at RT for 3 years without loss of quantity
or quality (including immunogenicity), (2) have
long-lasting protection and boosting effects of
MucoRice-CTB vaccination against CT-induced
diarrhea, (3) induces protection against Vibrio

cholerae- or ETEC- induced diarrhea, (4) induces
CTB-specific SIgA against toxin-induced diar-
rhea. In terms of last point, blockade of the for-
mation and transepithelial transport of SIgA in
MucoRice-CTB-immunized pIgR (polyimmuno-
globulin receptor)-deficient mice resulted in a
marked reduction in antigen-specific mucosal
IgA levels in the intestinal secretions. In con-
trast, lack of CTB-specific SIgA transport caused
a noticeable increase in serum CTB-specific IgA
levels in oral MucoRice-CTB-immunized pIgR-
deficient mice, whereas the antigen-specific se-
rum IgG titer was comparable to that in wild-
type (WT) mice orally immunized with
MucoRice-CTB. When these two groups of
MucoRice-CTB-vaccinated mice were orally cha-
llenged with native CT, WT mice showed pro-
tection against CT-induced diarrhea, whereas
plgR-deficient mice developed severe diarrhea
despite the presence of high titers of antigen-
specific serum IgG and IgA. These findings di-
rectly demonstrate the essential role of CTB-
specific intestinal SIgA in providing protection
against the toxin. In light of this important fea-
ture of the MucoRice system, our efforts are di-
rected toward creating the optimum human-
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applicable MucoRice preparations by growing
the rice hydroponically in a fully enclosed mo-
lecular farming production system.

2. New Generation Nasal Vaccine

Yoshikazu Yuki, Il Gyu Kong', Tomonori No-
chi*, Mio Mgima', Ayuko Sato', Daisuke Toku-
hara’, Shiho Kurokawa', Yuko Takahashi*, To-
moko Hiroiwa', Haruko Takahashi’?, Norihiro
Harada®, Shinichi Sawada?, Tomoko Kohda’,
Yuko Katakai®, Hiroaki Shibata®’, Shunji Ko-
zaki®, Hideo Tsukada®’, Kazunari Akiyoshi’, Hi-
roshi Kiyono": ‘Division of Mucosal Immunol-
ogy, Department of Microbiology and Immu-
nology, The Institute of Medical Science, The
University of Tokyo, ‘Department of Organic
Materials, Institute of Biomaterials and Bioen-
gineering, Tokyo Medical and Dental Univer-
sity, *°PET Center, Central Research Labora-
tory, Hamamatsu Photonics K .K., ‘“Department
of Veterinary Science, Graduate School of Life
and Environmental Sciences, Osaka Prefecture
Universdity, *Tsukuba Primate Research Center,
National Institute of Biomedical Innovation

Because mucosal administration of vaccines
can induce both systemic and mucosal immune
responses, the mucosal vaccination might pro-
vide a basis for preventing a range of infectious
diseases. However, most of inactivated or
subunit type vaccines are poor immunogens to
both systemic and mucosal compartments when
given nasally. Thus, mucosal adjuvants were
needed, however, most of potent mucosal adju-
vants are toxin-based one and potencial redirec-
tion of adjuvant itself and/or co-administered
antigen to central nerve system (CNS) have
caused concerns of safety issue, even when de-
leted toxin activity. To overcome these critical
concerns, adjuvant-free and safe nasal delivery
system must be developed. We recently devel-
oped an effective intracellular vaccine delivery
system with self-assembled cationic nanosize hy-
rogels (Nanogel), which composed of an am-
phiphilic polysaccharide: ethylendiamine group
functionalization of cholesteryl group-bearing
pullulan (cCHP). Nasally administered CHPNH.
holding subunit type of botulinum vaccine
(BoHc-CHPNH,) or Tetanus Toxoid (TT) or
Pneumococal surface protein A (PspA) induced
brisk levels of antigen-specific systemic and mu-
cosal immune responses even in the absence of
mucosal adjuvant. We also developed real-time
quantitative tracking method for nasal vaccine
by using ["*F]-labeled BoHc/A-positron emission
tomography (PET), a newly established in vivo
molecular imaging system for the estimation of
safety. Now, we are focusing studies for the pre-

cise mechanism and safety issues of the nasal
vaccine.

3. Characterization of Mucosal
sampling System: M Cells

Antigen-

Yoshikazu Yuki*, Tomonori Nochi*, Kazutaka
Terahara®, Yoshikyuki Goto', Yuko Takaha-
shi*, Yoshida Masato', Shiho Kurokawa', Mio
Megima', Gemilson S. Pontes, Tomoko Hi-
roiwa'’, Hirotsugu Hatai’, Steven E. Domino’
and Hiroshi Kiyono': 'Division of Mucosal Im-
munology, Department of Microbiology and
Immunology, The Institute of Medical Science,
The University of Tokyo, Department of Im-
munology, National Institute of Infectious Dis
eases, *Department of Obstetrics and Gynecol-
ogy, The University of Michigan Medical
School

A single layer of intestinal epithelium contain-
ing columnar epithelial cells (ECs) and M cells
covers the lymphoid tissues (for example,
Peyer’s patches; PPs), and fucosylation of the
apical surface of ECs (F-ECs) and M cells is in-
volved in distinguishing the two populations
and in their response to commensal flora in
mice. Interestingly, fucosylation of PP M cells
and F-ECs is distinctly regulated by o(1,2) fuco-
syltransferase (FUT) 1 and FUT2, respectively.
We recently showed that Fut2-mediated F-ECs
share M cell-related fucosylated molecules but
maintain distinctive EC characteristics, Futl is,
therefore, a reliable marker for M cells. We pre-
viously developed the M cell-targeted mucosal
vaccine with newly established monoclonal anti-
body (NKM 16-2-4) specific for both M cells in
PPs (PP M cells) and F-ECs (or villous M cells)
in mice. Because high levels of Tetanus toxioid
(TT)-specific serum IgG antibody responses
were induced in PP-lacking when orally immu-
nized TT-conjugated NKM 16-2-4, antigen-
delivery system to not only PP M cells but also
F-ECs may be important to induce of brisk im-
mune responses in mucosal and systemic com-
partments. Our current studies are focusing on
the development of PP and villous M cell-
targeted mucosal vaccine in non-human pri-
mates.

4. Molecular and Cellular Analysis of Host-
Microflora Interaction

Yoshiyuki Goto', Jun Kunisawa', Shintaro
Sato', Naoko Shibata', Yuko Akiyama', Hideki
lijim? Yoshinori Umesaki®, Yoshimi Benno'
and Hiroshi Kiyono': 'Division of Mucosal Im-
munology, Department of Microbiology and
Immunology, The Institute of Medical Science,
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The University of Tokyo, Department of Gas-
troenterology and Hepatology, Osaka Univer-
sity Graduate School of Medicine, *Yakult Cen-
tral Ingtitute for Microbiological Research, *
Microbe Division/Japan Collection of Microor-
ganisms, RIKEN BioResour ce Center

The mucosal surface of the small intestine is
constitutively exposed to a wide variety of envi-
ronmental antigens including harmless food-
derived antigens and gut microbiota. The in-
digenous gut microbiota play an important role
in the development of the host mucosal immune
systems including the maturation of secondary
lymphoid tissues. Although the current under-
standing is host-commensal bacterial mutualism
is established in the intestinal lumen, it is plau-
sible that direct interaction between bacteria and
mucosal immune cells is observed in the lym-
phoid organs such as Peyer’s Patches (PPs).
Based on this hypothesis, we analyzed the bac-
terial population in murine PPs by using 16S
rDNA based approaches such as 16S rDNA
clone libraries and fluorescent in situ hybridiza-
tion (FISH). We found that opportunistic bacte-
ria, Alcaligenes species, were dominantly ob-
served in PPs with the associated preferential in-
duction of anti-Alcaligenes mucosal IgA anti-
bodies (Abs). This preferential presence of Al-
caligenes inside PPs and the associated-
induction of intestinal IgA Abs were also ob-
served in both monkeys and humans. Thus, in-
digenous opportunistic bacteria uniquely inhabit
PPs leading to DCs dependent, local antigen-
specific Ab production; this may involve the
creation of an optimal symbiotic environment
on the interior of the PPs. Our current work is
focusing on the role of PPs-Alcaligenes in the
development of host diseases.

Another example of the crosstalk between
host and gut microbiota was explored. It has
been reported that specific commensal bacteria,
Bacteroides thetaiotaomicron, induce epithelial
fucoses and utilize them as an energy source.
However, the mechanism of epithelial fucosyla-
tion induced by bacteria is not fully understood
yet. To analyze the role of commensal bacteria
in the induction of fucosylated epithelial cells
(F-ECs), we firstly checked germfree mice. The
development of F-ECs was completely inhibited
in germfree mice, suggesting that gut microbiota
induce epithelial fucosylation. Since a large
number of F-ECs were observed in the ileum,
we further analyzed the ileal bacterial popula-
tion to identify bacteria responsible for the in-
duction of F-ECs. 16S rDNA clone libraries re-
vealed that segmented filamentous bacteria
(SFB), which are clostridium related bacteria,
were dominant in the ileum. Finally, we ana-

lyzed SFB gnotobiotic mice. F-ECs were ob-
served in SFB gnotobiotic mice as wild-type
mice, indicating that SFB physiologically induce
F-ECs. We are now trying to identify the detail
mechanism of the crosstalk between host and
gut microbiota, especially SFB, for the develop-
ment of F-ECs.

5. Mucosal Immunological Homeostasis and
Diseases

Jun Kunisawa, Yosuke Kurashima, Takeaki
Amiya, Taichi Wake, Yoshifumi Kotani, Eri
Hashimoto, Yuji Suzuki, Shiori Shikata, and
Hiroshi Kiyono: Division of Mucosal |mmunol-
ogy, Department of Microbiology and Immu-
nology, The Institute of Medical Science, The
University of Tokyo

Mucosal tissues equip a unique mucosal im-
mune system to maintain the immunological ho-
meostasis. Accumulating evidence has revealed
that disruption of the mucosal quiescent im-
mune system results in the mucosal immune
diseases such as food allergy, intestinal inflam-
mation, rhinitis, and asthma. In this project, we
aim to elucidate the immunological features of
mucosal immune system in the regulation of im-
munological homeostasis. As host immune com-
petent cells, we focus on the T cells (Thl/Th2/
Th17, regulatory T cells), mast cells, IgA plasma
cells, dendritic cells, and epithelial cells and
found that immunological cross-talk among
them played a key role in the maintenance of
immunological homeostasis.

In addition to the host-host interaction, sev-
eral lines of evidence have shown that immu-
nological cross-talk between host immune sys-
tem and environmental factors regulate the ho-
meostasis of mucosal immunity. In this issue,
we recently found that several environmental
factors derived from diets and commensal bacte-
ria (e.g., fatty acids, vitamins, herbal and fruit
extracts, secondary bile acid, and nucleotides)
are critically involved in the regulation of intes-
tinal homeostasis. Therefore, improper cross-talk
of host mucosal immune system with these en-
vironmental factors induced the mucosal im-
mune diseases, and improvement of these path-
ways resulted in the amelioration of the dis-
eases. These findings provide a novel strategy to
establish mucosal homeostasis through the inter-
action with mucosal environmental factors.

6. The Airway Antigen Sampling System:
Respiratory M cells as an Alternative Gate-
way for Inhaled Antigens

Satoshi

Ayuko Sato’, Dong-Young Kim®?
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Fukuyama', Hiroshi Sagara®, Takahiro Naga-
take', Il Gyu Kong", Kaoru Goda', Tomonori
Nochi*, Jun Kunisawa', Shintaro Sato', Y oshi-
fumi Yokota®, Chul Hee Lee’, and Hiroshi Ki-
yono': ‘Division of Mucosal Immunology, De-
partment of Microbiology and Immunology,
and *Medical Proteomics Laboratory, The In-
gtitute of Medical Science, The University of
Tokyo, Department of Otorhinolaryngology,
Seoul National University College of Medicine,
‘Department of Molecular Genetics, School of
Medicine, University of Fukui

We demonstrated a new airway Ag sampling
site by analyzing tissue sections of the murine
nasal passages. We revealed the presence of res-
piratory M cells, which had the ability to take
up OVA and rSalmonella-GFP, in the turbinates
covered with single-layer epithelium. These M

cells were also capable of taking up respiratory
pathogen Group A Streptococcus (GAS) after
nasal challenge. Inhibitor of DNA binding/
differentiation 2 (Id2)-deficient mice, which are
deficient in lymphoid tissues, including
nasopharynx-associated lymphoid tissue
(NALT), had a similar frequency of M cell clus-
ters in their nasal epithelia to that of their litter-
mates, Id2"/" mice. The titers of Ag-specific anti-
bodies were as high in Id2"/~ mice as in Id2"/"
mice after nasal immunization with rSalmonella-
ToxC or GAS, indicating that respiratory M cells
were capable of sampling inhaled bacterial Ag
to initiate an Ag-specific immune response.
Taken together, these findings suggest that res-
piratory M cells act as a NALT-independent al-
ternative gateway for Ag sampling and subse-
quent induction of Ag-specific immune re-
sponses in the upper respiratory tract.
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