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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 analyzing regulatory networks formed among
microRNAs, chromatine remodeling factor, SWI/SNF complex and such important
transcriptional factors as AP-1 and NF-kappaB to explore the cause of human dis-
eases. We have developed and are continuously improving retrovirus/lentivirus
vectors that express efficient inhibitory RNAs targeting specific miRNAs (desig-
nated as Tough Decoy RNAs) and low molecular inhibitors of miRNA (designated
synthetic TuD; S-TuD) for tools of human gene therapy and basic researches.

1. Gene regulatory networks formed in epithelial
tumor cell lines.

The SWI/SNF chromatin remodeling complex
plays important roles in the epigenetic regulation of
many organisms and regulates a wide variety of
genes. In human, this complex is an assembly of
about nine polypeptides, and each complex con-
tains 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 BRGI1 regulate
a set of target promoters that is not fully overlap-
ping. Indeed, Brm and BRG1 show clear differences
in their biological activities; Brm, but not BRG], is
essential for the maintenance of gene expression
driven by LTRs of murine leukemia virus (MLV)
and HIV as we have previously reported. This year,
we described detailed mechanisms involved in the
elongation steps of short HIV transcripts (a).

NFxB plays crucial roles in such physiological

processes as development, cell proliferation viral
replication, apoptosis and innate and adaptive im-
mune functions. The NFkB family is composed of
five different proteins; RelA (p65), RelB, c-Rel, p50
(which is processed its precursor pl05) and p52
(which is processed its precursor p100). These pro-
teins form active transcription factors as ho-
modimers or heterodimers. Importantly, some
NFkB target genes stimulated by these cytokines or
growth factors were known to often require SWI/
SNF complexes for their optimum induction. How-
ever, the underlying molecular mechanisms and
factors involved in this process are largely un-
known, mainly because no direct interaction be-
tween NF«B submits and SWI/SNF components has
been reported. In 2011, we present evidence that
DPF2 (Requiem) protein, which belongs to the d4-
family of proteins, is a specific adaptor protein that
links RelB/p52 with Brm-type SWI/SNF complexes
and thereby plays pivotal roles in the most down-
stream non-canonical NF«kB pathway. Using highly
sensitive assay cell lines that harbor two NF-«xB



17

binding sites and a minimal promoter just up-
stream of the reporter gene, we further found that
DPF3a, DPF3b, DPF2 as well as DPF1 and PHF10
potentially activates three representative NF-kB
dimmers, RelA/p50, RelB/p52 and c-Rel/p50 transac-
tivation significantly, when they are exogenously
expressed at very high levels. We finally showed
that among them, DPF3a and DPF3b are most criti-
cal component for NF-kB RelA/p50 heterodimer
transactivation induced by TNF-a stimulation (ca-
nonical pathway).

We previously found that a functional Brm gene
is present and transcribed actively in all of the Brm-
deficient human cancer cell lines in nuclear run-on
transcription assays. This indicated that post-tran-
scriptional gene silencing suppresses Brm in these
human cancer cells. In 2011, we demonstrated 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
production of pri-miR-199a in these cell lines, Egrl
was identified as a major transcriptional activator at
this gene locus. Our analysis further showed that
the expression patterns of mature miR-199a-5p and
-3p, and of the Brm protein, are mutually exclusive
in many human tumor cell lines originated from
epithelial cells. We final showed that these miR-
NAs, miR-199a-5p/-3p, Brm and Egrl form double-
negative feedback loops in a wide variety of human
cancer cell lines, and each cell lines are fallen into
either of the two steady states, [Brm (+)/Egrl(—)1/
miR-199 (—)] cells and [Brm (—)/Egrl(+)/miR-199a
(+)] cells, which are denoted hereafter as Type 1
and Type 2 cells, respectively. This year, we have
analyzed basic biological properties that discumi-
nate these two cell types and revealed that the ro-
bust regulatory network formed by Brm/miR-199a
axis is very important to understand molecular
mechanisms involved in either cancer development
(b) or virus replication (c).

(@) 7SK small nuclear ribonucleoprotein com-
plex is recruited to the HIV-1 promoter via
short viral transcripts

Taketoshi Mizutani*?, Aya Ishizaka'?, Yutaka
Suzuki®, and Hideo Iba": 'Division of Host-Parasite
Interaction, Department of Microbiology and Im-
munology, Institute of Medical Science, The Uni-
versity of Tokyo, ?Laboratory of Basic Science, In-
stitute of Microbial Chemistry; BIKAKEN, *De-
partment of Medical Genome Sciences, Graduate
School of Frontier Sciences, The University of To-
kyo

In this study, we demonstrate that the 7SK small
nuclear ribonucleoprotein (snRNP) complex is re-
cruited to the HIV-1 promoter via newly-synthe-

sized HIV-1 nascent transcripts (short transcripts) in
an hnRNP Al-dependent manner and negatively
regulates vital transcript elongation. Our deep-se-
quence analysis showed these short transcripts
were mainly arrested at approximately +50 to +70
nucleotides from the transcriptional start site in the
Ul cells, an HIV-1 latent model. TNF-o. treatment
promptly disrupted the 7SK snRNP complex on the
nascent transcripts and viral elongated transcripts
were increased. This report provides insight into
how 7SK snRNP complex is recruited to HIV-1 pro-
moter in the absence of Tat.

(b) The miR-199a/Brm/EGR1 axis is a determi-
nant of anchorage-independent growth in
epithelial tumor cell lines

Kazuyoshi Kobayashi, Kouhei Sakurai, Hiroaki
Hiramatsu, Ken-ichi Inada’, Kazuya Shiogama’,
Shinya Nakamura, Fumiko Suemasa, Kyosuke Ko-
bayashi, Seiya Imoto*, Takeshi Haraguchi, Hiroaki
Ito, Aya Ishizaka, Yutaka Tsutsumi® & Hideo Iba:
*First Department of Pathology, Faculty of Medi-
cine, Fujita Health Univ. Aichi. ‘Laboratory of
DNA Information Analysis, Human Genome Cen-
ter, Institute of Medical Science, University of To-
kyo, Minato-ku, Tokyo.

In epithelial cells, miRNA-199a-5p/-3p and Brm, a
catalytic subunit of the SWI/SNF complex were pre-
viously shown to form a double-negative feedback
loop through EGRI1, by which human cancer cell
lines tend to fall into either of the steady states,
types 1 [miR-199a(—)/Brm(+)/EGR1(—)] and 2
[miR-199a( +)/Brm(—)/EGR1(+)]. We show here,
that type 2 cells, unlike type 1, failed to form colo-
nies in soft agar, and that CD44, MET, CAV1 and
CAV2 (miR-199a targets), all of which function as
plasma membrane sensors and can co-localize in
caveolae, are expressed specifically in type 1 cells.
Single knockdown of any of them suppressed an-
chorage-independent growth of type 1 cells, indicat-
ing that the miR-199a/Brm/EGR1 axis is a determi-
nant of anchorage-independent growth. Impor-
tantly, two coherent feedforward loops are inte-
grated into this axis, supporting the robustness of
type 1-specific gene expression and exemplifying
how the miRNA-target gene relationship can be
stably sustained in a variety of epithelial tumors.

(c) miR-199a target that affect host cell compe-
tency for virus replication.

Kyosuke Kobayashi, Shinya Nakamura, Fumiko
Suemasa, Kazuyoshi K obayashi, Hiroaki
Hiramatsu, Takeshi Haraguchi, and Hideo Iba

It was previously reported that using global
miRNA expression analysis, the miR-199a/miR-214
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cluster manifests antiviral properties in mouse and
human cells, and further that these molecules con-
fer broad inhibitory potential against multiple vi-
ruses. Since in human cancer cell lines originated
from epitherial cells, miR-199a/miR-214 expressing
cells lacks Brm expression (Type 2 cells) as de-
scribed above, their report is consistent with our
previous report that Type 2 cells (expressing miR-
199a/miR-214 at high levels) do not stably express
lenti/retrovirus. Using human cancer cell lines in-
fected with HSV-1, as a model system, we have
confirmed that high level exogenous expression of
miR-199a-3p in A549 cells (Type 1) suppresses
HSV-1 replication, whereas suppression of miR-
199a-3p in Type 2 cells activated HSV-1 replication.
Since in A549 cellsthat are exogenously expressing
miR-199a, HSV-1 produces almost equivalent virus
proteins to those in parental A549, we expect virus
morphogenesis step is affective by miR-199a. We
have now identified several target proteins of miR-
199a which are important for membrane transports
and remodeling of cytoskeleton.

2. New regulatable expression vectors for decoy
RNAs (TuD), which is useful to obtain proof
of concept (POC).

To achieve the long-term suppression of a spe-
cific miRNA, we previously developed specialized
plasmid- and virus- vectors carrying expression
units producing inhibitory RNA molecules, which
we have termed Tough Decoy (TuD) RNA. Last
year, we have developed several regulatable RNA
polymerase III promoters that can drive TuD pro-
duction in the presence of doxocyclin. Using this

TET-ON system, we have analyzed the process of
epithelial-messenchymal transition (EMT) by tran-
siently expressing S-TuD-200c (S-TuD targeting
miR-200c) (d)

(d) Development of regulatable vectors for TuD
RNA expression.

Takeshi Haraguchi, Masayuki Kondo, Hideo Iba

After comparing the miRNA inhibition activities
of TuD RNA expression units with various Pol III
promoters, we first developed an optimal Pol III
promoter for TuD RNA expression. We next modi-
fied the promoter to express TuD RNA in a Tetra-
cycline (Tet)-inducible manner and selected optimal
number and position of Tet response elements in
the promoter. We finally established Tet-inducible
TuD RNA expression unit carried by lentivirus vec-
tors. In the cancer cell lines transduced with the
vectors, TuD RNA levels were very low in the ab-
sence of Doxycycline (Dox: a Tetracycline deriva-
tive), but the expression levels were drastically ele-
vated in the presence of Dox.

It is well known that miR-200c has the activity of
suppressing  epithelial - mesenchymal transition
(EMT) and we have previously reported that the in-
hibition of miR-200c by TuD RNA expression len-
tivirus vectors induces EMT. However, it remains
unsolved whether maintenance of mesenchymal
properties require constitutive miR-200c inhibition
or not. Therefore, we are now analyzing the plastic-
ity and the molecular mechanisms involved in EMT
using this Tet-inducible TuD RNA expression len-
tivirus vector established here.

Publications

Siddesha J.M., Valente, A.]., Yoshida, T., Sakamuri,
S.S.V.P., Delafontaine, P., Iba, H.,, Noda, M,
Chandrasekar, B. Docosahexaenoic acid reverses
angiotensin II-induced RECK suppression and
cardiac fibroblast migration. Cellular Signalling,
26: 933-941 (2014)

Mizutani, T., Ishizaka, A., Suzuki, Y., and Iba, H. 7
SK small nuclear ribonucleoprotein complex is re-
cruited to the HIV-1 promoter via short viral

transcripts. FEBS Letters, 588: 1630-1636 (2014)

Kobayashi, K., Sakurai, K., Hiramatsu, H., Inada,
K., Shiogama, K., Nakamura, S., Suemasa, F., Ko-
bayashi, K., Imoto, S., Haraguchi, T., Ito, H., Ishi-
zaka, A., Tsutsumi, Y., & Iba H. The miR-199a/
Brm/EGR1 axis is a determinant of anchorage-in-
dependent growth in epithelial tumor cell lines,
Scientific Reports, 5: 8428 (2015)
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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. Virulence-affecting amino acid changes in the
PA protein of H7N9 influenza A viruses

Yamayoshi S, Yamada S, Fukuyama S, Murakami
S', Zhao D, Uraki R, Watanabe T, Tomita Y,
Macken C? Neumann G° Kawaoka Y: 'Depart-
ment of Veterinary Microbiology, Graduate School
of Agriculture and Life Science, University of
Tokyo, Japan, *Theoretical Division, Los Alamos
National Laboratory, USA, *Department of Patho-
biological Sciences, School of Veterinary Medicine,
University of Wisconsin-Madison, USA.

Novel avian-origin influenza A(H7N9) viruses
were first reported to infect humans in March 2013.
To date, 143 human cases, including 45 deaths,
have been recorded. By using sequence compari-
sons and phylogenetic and ancestral inference
analyses, we identified several distinct amino acids
in the A(H7N9) polymerase PA protein, some of

which may be mammalian adapting. Mutant vi-
ruses possessing some of these amino acid changes,
singly or in combination, were assessed for their
polymerase activities and growth kinetics in mam-
malian and avian cells and for their virulence in
mice. We identified several mutants that were
slightly more virulent in mice than the wild-type A
(H7N9) virus, A/Anhui/1/2013. These mutants also
exhibited increased polymerase activity in human
cells but not in avian cells. Our findings indicate
that the PA protein of A(H7N9) viruses has several
amino acid substitutions that are attenuating in
mammals.

2. Circulating avian influenza viruses closely re-
lated to the 1918 virus have pandemic poten-
tial.

Watanabe T, Zhong G Russell CA*, Nakajima N°,
Hatta M?® Hanson A®’, McBride R°, Burke DF’,
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Takahashi K®°, Fukuyama S, Tomita Y, Maher A?,
Watanabe S°, Imai M°, Neumann G° Hasegawa
H®, Paulson JC°, Smith DJ’, Kawaoka Y: ‘Depart-
ment of Veterinary Medicine, University of Cam-
bridge, UK, *Department of Pathology, National
Institute of Infectious Diseases, Japan, ‘Depart-
ment of Cell and Molecular Biology, The Scripps
Research Institute, USA, 'Department of Zoology,
University of Cambridge, UK, *Laboratory of Vet-
erinary Microbiology, Department of Veterinary
Sciences, University of Miyazaki, Japan, °Depart-
ment of Veterinary Medicine, Faculty of Agricul-
ture, Iwate University, Japan.

Wild birds harbor a large gene pool of influenza
A viruses that have the potential to cause influenza
pandemics. Foreseeing and understanding this po-
tential is important for effective surveillance. Our
phylogenetic and geographic analyses revealed the
global prevalence of avian influenza virus genes
whose proteins differ only a few amino acids from
the 1918 pandemic influenza virus, suggesting that
1918-like pandemic viruses may emerge in the fu-
ture. To assess this risk, we generated and charac-
terized a virus composed of avian influenza viral
segments with high homology to the 1918 virus.
This virus exhibited pathogenicity in mice and fer-
rets higher than that in an authentic avian influenza
virus. Further, acquisition of seven amino acid sub-
stitutions in the viral polymerases and the hemag-
glutinin surface glycoprotein conferred respiratory
droplet transmission to the 1918-like avian virus in
ferrets, demonstrating that contemporary avian in-
fluenza viruses with 1918 virus-like proteins may
have pandemic potential.

3. Disease severity is associated with differen-
tial gene expression at the early and late
phases of infection in nonhuman primates in-
fected with different H5N1 highly pathogenic
avian influenza viruses.

Muramoto Y, Shoemaker JE, Le MQY, Itoh Y*,
Tamura D, Sakai-Tagawa Y, Imai H, Uraki R,
Takano R, Kawakami E, Ito M, Okamoto K,
Ishigaki H", Mimuro H"”, Sasakawa C*, Matsuoka
Y*, Noda T, Fukuyama S, Ogasawara K", Kitano
H", Kawaoka Y: “National Institute of Hygiene
and Epidemiology, Vietnam, "Department of Pa-
thology, Shiga University of Medical Science,
Japan, “Division of Bacteriology, Department of
Infectious Diseases Control, International Re-
search Center for Infectious Diseases, Institute of
Medical Science, The University of Tokyo, Japan,
“Division of Bacterial Infection Biology, Institute
of Medical Science, The University of Tokyo,
Japan; Nippon Institute for Biological Science,
Japan; Medical Mycology Research Center, Chiba
University, Japan, “The Systems Biology Institute,

Japan.

Occasional transmission of highly pathogenic
avian H5N1 influenza viruses to humans causes se-
vere pneumonia with high mortality. To better un-
derstand the mechanisms via which H5N1 viruses
induce severe disease in humans, we infected cyno-
molgus macaques with six different H5N1 strains
isolated from human patients and compared their
pathogenicity and the global host responses to the
virus infection. Although all H5N1 viruses repli-
cated in the respiratory tract, there was substantial
heterogeneity in their replicative ability and in the
disease severity induced, which ranged from as-
ymptomatic to fatal. A comparison of global gene
expression between severe and mild disease cases
indicated that interferon-induced upregulation of
genes related to innate immunity, apoptosis, and
antigen processing/presentation in the early phase
of infection was limited in severe disease cases, al-
though interferon expression was upregulated in
both severe and mild cases. Furthermore, coexpres-
sion analysis of microarray data, which reveals the
dynamics of host responses during the infection,
demonstrated that the limited expression of these
genes early in infection led to a failure to suppress
virus replication and to the hyperinduction of
genes related to immunity, inflammation, coagula-
tion, and homeostasis in the late phase of infection,
resulting in a more severe disease. Our data sug-
gest that the attenuated interferon-induced activa-
tion of innate immunity, apoptosis, and antigen
presentation in the early phase of H5N1 virus infec-
tion leads to subsequent severe disease outcome.

4. Detection sensitivity of influenza rapid diag-
nostic tests.

Sakai-Tagawa Y, Ozawa M*, Yamada S, Uchida
Y*, Saito T*, Takahashi K", Sugaya N*, Tashiro
M®*, Kawaoka Y: “Laboratory of Animal Hygiene;
Transboundary Animal Distance Center, Joint
Faculty of Veterinary Medicine, Kagoshima Uni-
versity, Japan, *Influenza and Prion Disease Re-
search Center, National Institute of Animal
Health, Japan, “Department of Infectious Diseases,
Osaka Prefectural Institute of Public Health, Ja-
pan, ®Department of Pediatrics, Keiyu Hospital,
Japan, “Influenza Virus Research Center, Na-
tional Institute of Infectious Diseases, Japan.

The sensitivity of influenza rapid diagnostic tests
(IRDTs) currently available in Japan for various in-
fluenza virus strains, including human H7N9 and
H5N1 isolates, were compared and it was found
that all of the IRDTs examined detected these vi-
ruses; however, their detection sensitivities differed.
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5. Hemozoin as a novel adjuvant for inactivated
whole virion influenza vaccine.

Uraki R, Das SC° Hatta M°, Kiso M, lwatsuki-
Horimoto K, Ozawa M®, Coban C?®, Ishii KJ*,
Kawaoka Y: “Laboratory of Malaria Immunology,
Immunology Frontier Research Center (IFReC),
Osaka University, Japan, *Laboratory of Adju-
vant Innovation, National Institute of Biomedical
Innovation, Japan; Laboratory of Vaccine Science,
IFReC, Osaka University, Japan.

Because vaccination is an effective means to pro-
tect humans from influenza viruses, extensive ef-
forts have been made to develop not only new vac-
cines, but also for new adjuvants to enhance the ef-
ficacy of existing inactivated vaccines. Here, we ex-
amined the adjuvanticity of synthetic hemozoin, a
synthetic version of the malarial by-product hemo-
zoin, on the vaccine efficacy of inactivated whole
influenza viruses in a mouse model. We found that
mice immunized twice with hemozoin-adjuvanted
inactivated A/California/04/2009 (HIN1pdm09) or
A/Vietnam/1203/2004 (H5N1) virus elicited higher
virus-specific antibody responses than did mice im-
munized with non-adjuvanted counterparts. Fur-
thermore, mice immunized with hemozoin-adju-
vanted inactivated viruses were better protected
from lethal challenge with influenza viruses than
were mice immunized with non-adjuvanted inacti-
vated vaccines. Our results show that hemozoin im-
proves the immunogenicity of inactivated influenza
viruses, and is thus a promising adjuvant for inacti-
vated whole virion influenza vaccines.

6. Influenza virus-host interactome screen as a
platform for antiviral drug development.

Watanabe T, Kawakami E, Shoemaker JE, Lopes
TJS, Matsuoka Y*, Tomita Y, Kozuka-Hata H?
Gorai T, Kuwahara T, Takeda E, Nagata A,
Takano R, Kiso M, Yamashita M, Sakai-Tagawa
Y, Katsura H, Nonaka N, Fujii H, Fujii K, Sugita
Y, Noda T, Goto H, Fukuyama S, Watanabe S,
Neumann G°, Oyama M?, Kitano H*, Kawaoka Y:
*?Medical Proteomics Laboratory, Institute of
Medical Science, University of Tokyo, Japan.

Host factors required for viral replication are
ideal drug targets because they are less likely than
viral proteins to mutate under drug-mediated selec-
tive pressure. Although genome-wide screens have
identified host proteins involved in influenza virus
replication, limited mechanistic understanding of
how these factors affect influenza has hindered po-
tential drug development. We conducted a system-
atic analysis to identify and validate host factors
that associate with influenza virus proteins and af-
fect viral replication. After identifying over 1,000

host factors that coimmunoprecipitate with specific
viral proteins, we generated a network of virus-host
protein interactions based on the stage of the viral
life cycle affected upon host factor downregulation.
Using compounds that inhibit these host factors, we
validated several proteins, notably Golgi-specific
brefeldin A-resistant guanine nucleotide exchange
factor 1 (GBF1) and JAK1, as potential antiviral
drug targets. Thus, virus-host interactome screens
are powerful strategies to identify targetable host
factors and guide antiviral drug development.

7. A Bivalent Vaccine Based on a Replication-In-
competent Influenza Virus Protects against
Streptococcus pneumoniae and Influenza Vi-
rus Infection.

Katsura H, Piao Z%, Iwatsuki-Horimoto K, Akeda
Y#?, Watanabe S°, Horimoto T', Oishi K?*,
Kawaoka Y: ®Laboratory of Clinical Research on
Infectious Diseases, International Research Center
for Infectious Diseases, Research Institute for Mi-
crobial Diseases, Osaka University, Japan, *Infec-
tious Disease Surveillance Center, National Insti-
tute of Infectious Diseases, Japan.

Streptococcus pneumoniae is a major causative
pathogen in community-acquired pneumonia; to-
gether with influenza virus, it represents an impor-
tant public health burden. Although vaccination is
the most effective prophylaxis against these infec-
tious agents, no single vaccine simultaneously pro-
vides protective immunity against both S. pneumo-
niae and influenza virus. Previously, we demon-
strated that several replication-incompetent influ-
enza viruses efficiently elicit IgG in serum and IgA
in the upper and lower respiratory tracts. Here, we
generated a replication-incompetent hemagglutinin
knockout (HA-KO) influenza virus possessing the
sequence for the antigenic region of pneumococcal
surface protein A (PspA). Although this virus (HA-
KO/PspA virus) could replicate only in an HA-ex-
pressing cell line, it infected wild-type cells and ex-
pressed both viral proteins and PspA. PspA- and
influenza virus-specific antibodies were detected in
nasal wash and bronchoalveolar lavage fluids and
in sera from mice intranasally inoculated with HA-
KO/PspA virus, and mice inoculated with HA-KO/
PspA virus were completely protected from lethal
challenge with either S. pneumoniae or influenza
virus. Further, bacterial colonization of the naso-
pharynx was prevented in mice immunized with
HA-KO/PspA virus. These results indicate that HA-
KO/PspA virus is a promising bivalent vaccine can-
didate that simultaneously confers protective im-
munity against both S. pneumoniae and influenza
virus. We believe that this strategy offers a plat-
form for the development of bivalent vaccines,
based on replication-incompetent influenza virus,
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against pathogens that cause respiratory infectious

diseases.

Publications

de Vries RP, Zhu X, McBride R, Rigter A, Hanson
A, Zhong G, Hatta M, Xu R, Yu W, Kawaoka Y,
de Haan CA, Wilson IA, Paulson JC. Hemaggluti-
nin receptor specificity and structural analyses of
respiratory droplet transmissible H5N1 viruses. ]
Virol 88: 768-773, 2014.

Fonseca W, Ozawa M, Hatta M, Orozco E, Martinez
MB, Kawaoka Y. A recombinant influenza virus
vaccine expressing the F protein of respiratory
syncytial virus. Arch Virol 159: 1067-1077, 2014.

Horimoto T, Gen F, Murakami S, Iwatsuki-Hori-
moto K, Kato K, Akashi H, Hisasue M, Sakaguchi
M, Kawaoka Y, Maeda K. Serological evidence of
infection of dogs with human influenza viruses
in Japan. Vet Rec 174: 96, 2014.
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induces cross-protective immunity against Eur-
asian 'avian-like' HIN1 swine viruses in mice. In-
fluenza Other Respir Viruses 8: 367-375, 2014.

Wang G, Deng G, Shi ], Luo W, Zhang G, Zhang Q,
Liu L, Jiang Y, Li C, Sriwilaijaroen N, Hiramatsu
H, Suzuki Y, Kawaoka Y, Chen H. H6 influenza
viruses pose a potential threat to human health. J
Virol 88: 3953-3964, 2014.

Liu Z, Kato A, Shindo K, Noda T, Sagara H,
Kawaoka Y, Arii ], Kawaguchi Y. Herpes simplex
virus 1 UL47 interacts with viral nuclear egress
factors UL31, UL34 and Us3, and regulates viral
nuclear egress. ] Virol 88: 4657-4667, 2014.
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Abe M, Nakajima N, Sekizuka T, Shirato K, Su-
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K, Suzuki T, Komase K, Nobusawa E, Maenaka
K, Kuroda M, Hasegawa H, Kawaoka Y, Tashiro
M, Takeda M. The Host Protease TMPRSS2 Plays
a Major Role in In Vivo Replication of Emerging
H7N9 and Seasonal Influenza Viruses. ] Virol 88:
5608-5616, 2014.

Teijaro JR, Walsh KB, Long JP, Tordoff KP, Stark
GV, Eisfeld AJ, Kawaoka Y, Rosen H, Oldstone
MB. Protection of ferrets from pulmonary injury

due to HIN1 2009 influenza virus infection: im-
munopathology tractable by sphingosine-1-phos-
phate 1 receptor agonist therapy. Virology 452-
453: 152-157, 2014.

Garulli B, Di Mario G, Stillitano MG, Kawaoka Y,
Castrucci MR. Exploring mucosal immunization
with a recombinant influenza virus carrying an
HIV-polyepitope in mice with pre-existing immu-
nity to influenza. Vaccine 32: 2501-2506, 2014.

Tani H, Tha K, Shimojima M, Fukushi S, Taniguchi
S, Yoshikawa T, Kawaoka Y, Nakasone N, Ni-
nomiya H, Saijo M, Morikawa S. Analysis of Lujo
virus cell entry using pseudotype vesicular sto-
matitis virus. J Virol 88: 7317-7330, 2014.
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pathogenic ligand recognition by TLRs.

Immune cells express multiple Toll-like receptors (TLRs) that are concomitantly
activated by a variety of pathogen products derived from microbes and viruses.
TLRs also sense host derived products such as RNAs and DNAs. Recent reports
have indicated that losing the balance of TLRs responses result in autoimmune
diseases. Hence, there must exist regulatory mechanisms coordinating the ex-
pression and the function of TLRs to avoid excessive immune responses for endo-
genous ligands. Our research focuses on molecular mechanisms controlling

1. Type | IFN contributes to the phenotype of
Unc93b1°***** mice by regulating TLR7 ex-
pression in B cells and dendritic cells

Ryutaro Fukui', Atsuo Kanno?, and Kensuke Mi-
yake'?: 'Division of Infectious Genetics, Depart-
ment of Microbiology and Immunology, *Labora-
tory of Innate Immunity, Center for Experimental
Medicine and Systems Biology, The Institute of
Medical Science, The University of Tokyo, Japan

Toll-like receptor 7 (TLR7) recognizes pathogen-
derived and self-derived RNA, and thus a regula-
tory system for control of the TLR7 response is re-
quired to avoid excessive activation. Unc93 ho-
molog Bl (Unc93B1) is a regulator of TLR7 that
controls the TLR7 response by transporting TLR7
from the endoplasmic reticulum to endolysosomes.
We have previously shown that a D34A mutation
in Unc93B1 induces hyperactivation of TLR7, and
that Unc93b1°**"** mice (D34A mice) have sys-
temic inflammation spontaneously. Here, we exam-
ined the roles of inflammatory cytokines such as
IFN-y, IL-17A and type I IFNs to understand the
mechanism underlying the phenotype in D34A

mice. mRNAs for IFN-y and IL-I7A in CD4" T cells
increased, but inflammatory phenotype manifesting
as thrombocytopenia and splenomegaly was still
observed in Ifng '~ or I117a”"~ D34A mice. In con-
trast to T cell-derived cytokines, Ifnarl '~ D34A
mice showed an ameliorated phenotype with lower
expression of TLR7 in B cells and cDCs. The
amount of TLR7 decreased in B cells from Ifnarl "~
D34A mice, but the percentage of TLR7" cells de-
creased among CD8a~ conventional dendritic cells
(cDCs). In conclusion, type I IFNs maintain expres-
sion of TLR7 in B cells and ¢DCs in different ways;
total amount of TLR7 is kept in B cells and TLR7"
population is retained among cDCs. Our results
suggested that these TLR7-expressing cells are acti-
vated initially and influence TLR7-dependent sys-
temic inflammation.

2. G protein specifically associates with TLR7
and regulates onset of Systemic Lupus
Erythematosus

Shin-Ichiroh Saitoh', Kenji Kontani’®, Fumiko
Abe®, Atsuo Kanno', Masahiro Onji', Toshiaki
Katada®, and Kensuke Miyake"?: 'Division of In-
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fectious Genetics, Department of Microbiology and
Immunology, ’Laboratory of Innate Immunity,
Center for Experimental Medicine and Systems
Biology, The Institute of Medical Science, The
University of Tokyo, *Department of physiological
Chemistry, Graduate School of Pharmaceutical
Sciences, The University of Tokyo, Japan

TLR7 and 9, innate immune sensors for microbial
nucleic acids (NAs), respond to self NA, activate
dendritic cells (DCs) and B cells, and mount anti-
nuclear autoantibody production in murine models
of systemic lupus erythematosus (SLE), an autoim-
mune disease where type I interferons (IFN-I) have
a causative role. Despite the shared role in autoan-
tibody production, RNA-sensing TLR7 promotes
disease, whereas DNA-sensing TLRY regulates dis-
ease progression by counteracting TLR7. TLR7 and
9 reside in the endoplasmic reticulum (ER), and are
associated with Unc93B1, an ER-resident multiple
transmembrane protein. Unc93B1 enable TLR7 and
9 to sense NA by transporting them to the endoly-
sosomes, a site for NA-sensing, upon activation.
TLRY antagonizes TLR7 by competing association
with Unc93B1. Unc93B1 restricts TLR7 activation by
giving preference to TLR9-association over TLR7. In
contrast to TLR9 antagonism, little is known about
a mechanism underlying disease promotion by
TLR7. In addition, specific regulatory mechanisms
on TLR7 response is also unknown. We identified a
G protein specifically associated with TLR7 and
regulates TLR7 responses. Dendritic cells (DCs) and
B cells harbouring an insertional mutation in the G
protein showed augmented TLR7 responses in
proinflammatory cytokine production and prolifera-
tion, respectively. The G protein was required for
TLR7-dependent IFN-I production by plasmacytoid
DCs (pDCs). The G protein specifically localizes on
lysosome and regulates Lysosomal trafficking. We
are studying that TLR7 drives IFN-I-mediated auto-
immunity such as systemic lupus erythematosus
(SLE) by using model mice trough TLR-trafficking
dependent on Unc93B1 complexed with G protein
required for lysosomal trafficking. We analyze the
relationship between this G protein and IFN-I de-
pendent SLE like autoimmune disease.

3. The linkage of TLR4 activation and antigen
presentation, in the light of molecular traffick-

ing

Natsuko Tanimura' and Kensuke Miyake'?: 'Divi-
sion of Infectious Genetics, Department of Micro-
biology and Immunology, *Laboratory of Innate
Immunity, Center for Experimental Medicine and
Systems Biology, The Institute of Medical Science,
The University of Tokyo, Japan

The bacterial compounds, such as lipopolysaccha-

ride (LPS), lipoproteins, DNAs and RNAs, have
played critical roles in the vaccinations as immuno-
modulators since early times. Considering clinical
applications, the vaccine adjuvant must be reliable
and safe. The bacterial compounds are now well-
identified ligands to activate the innate immune
system through Toll-like receptors (TLRs). This acti-
vation results in both inflammation and the boosts
of acquired immune responses. For instance, TLR4
can be activated via lipid A, the active center of
LPS, which is well known as a robust im-
munostimulator. Despite our knowledge of the TLR
activation mechanism, we are still unable to har-
ness the excessive inflammations and the effective
boosts of acquired immunity using TLR-ligands.
Recent studies on innate immune cell biology fig-
ured out the activation platforms of TLR4 where
the respective responses occur; plasma membrane
for inflammation, endosome for interferon produc-
tion and mitochondria for reactive oxygen species
(ROS). To address this issue, we have focused on
the dynamics of signaling molecules in the down-
stream of TLR4 and ligand transfer mechanisms be-
fore TLR4 initiation. The signaling pathways are
modulated by the fine structure of the ligands. We
have found one interesting derivative, which in-
duces low inflammations and enough antigen pres-
entations, showing unique molecular rearrange-
ments and extraordinary TLR4 initiation means.
Currently we are analyzing these TLR4-activation/
initiation events as a key of the antigen presenta-
tions triggering.

4. Unc93B1 dependent TLR5 function.

Takuma Shibata’, Yuji Motoi', Kensuke Miyake":
'Division of Infectious Genetics, Department of Mi-
crobiology and Immunology, *Laboratory of In-
nate Immunity, Center for Experimental Medicine
and Systems Biology, The Institute of Medical Sci-
ence, The University of Tokyo, Japan

Toll-like receptor 5 (TLR5), a sensor for bacterial
flagellin, mounts both innate and adaptive immune
responses, and has been implicated in infectious
diseases, such as colitis and metabolic syndromes.
Although TLRS5 is believed to belong to cell surface
TLRs, cell surface expression has never been veri-
fied. Moreover, it has remained unclear which
types of immune cells express TLR5 and contribute
to flagellin-dependent responses. For this reason,
we established an anti-mouse/human TLR5 mono-
clonal antibody and studied cell surface expression
of TLR5 on various immune cells. A macrophage
cell line J774 expressed endogenous TLR5 on the
cell surface and produced IL-6 and G-CSF in re-
sponse to flagellin. In in vivo, cell surface TLR5 was
mainly found on neutrophils and CD11b"Ly6C"
classical monocytes in the bone marrow, circulation,
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spleen and an inflammatory lesion. Ly6C" classical
monocytes, but not neutrophils, produced cytokines
in response to flagellin. Splenic CD8 CD4" conven-
tional dendritic cells and CD11c¢"CD11b" lamina
propria DCs, also clearly expressed cell surface TLR5.

Additionally, we also clarified which molecules
controlled cell surface expression of TLR5 and flag-
ellin-induced responses. We demonstrated that cell
surface TLR5 was completely abolished by silencing
not only ER chaperon "PRotein Associated with
TLR4 A (PRAT4A)" but also "Unc93B1" which had
been believed to regulate the trafficking of nucleic
acid sensing intracellular TLRs. Those molecules di-
rectly bound TLR5 and regulated its trafficking
from ER to cell surface. Our findings revealed pre-
viously unexpected role of UNC93B1 in the regula-
tion of cell surface TLR function.

5. The meaning of intracellular localization of
TLRs.

Takuma Shibata’, Yuji Motoi', Kensuke Miyake":
'Division of Infectious Genetics, Department of Mi-
crobiology and Immunology, *Laboratory of In-
nate Immunity, Center for Experimental Medicine
and Systems Biology, The Institute of Medical Sci-
ence, The University of Tokyo, Japan

TLRs induce complex inflammatory responses

that functions to protect the host from invading
pathogens. But, in excessive or persistent inflamma-
tory responses, hosts suffer the disadvantage such
as septic shock, delayed tissue repair and autoim-
mune diseases. For this reason, hosts must strictly
control TLR response to restrict dilated inflamma-
tion.

TLR-dependent responses are greatly influenced
by a site of pathogen sensing. TLR heterodimers
TLR1/TLR2 and TLR2/TLR6 recognize tri- or di-
acylated microbial lipopeptides, respectively. Al-
though TLR1, 2, and 6 are believed to localize on
the cell surface of immune cells, little is known
about where lipopeptides are signaled. To clarify
this point, we have established monoclonal antibod-
ies to TLR1, 2, and 6. TLR1, 2, and 6 were ex-
pressed on the surface of B cells, monocytes, and
dendritic cells in a manner dependent on a TLR-
specific chaperone PRAT4A (protein associated
with TLR4 A). However, cell surface localization of
TLR1 or TLR6 was not necessarily required for
TLR2 response. Furthermore, a dynamin inhibitor
'‘Dynasore' abolished the lipopeptide responses by
preventing lipopeptide internalization into LAMP-1
and LAMP-2 positive compartment. Our findings
strongly suggest that lipopeptides elicit TLR1/2 and
TLR2/6 signaling in the endolysosomes, but not on
the cell surface.
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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 mu-
cosa-associated diseases, such as food allergy and inflammatory bowel diseases.

1. MucoRice for New Generation of Oral Vaccine

Yoshikazu Yuki', Mio Mejima', Koji Kashima'
Masaharu Kuroda®?, Natsumi Takeyama', Shiho
Kurokawa', Yuji Suzuki', Satomi Minagawa’
Tatsuhiko Azegami', Hiroshi Kiyono': ‘Division of
Mucosal Immunology, Department of Microbiol-
ogy and Immunology, The Institute of Medical
Science, The University of Tokyo, °‘Crop Develop-
ment Division, NARO Agriculture Research Cen-
ter.

We previously produced hygromycin phos-
photransferase (HPT) selection marker-free Muco-
Rice-CTB/Q line 51A for human use, and deter-
mined the location and structure of the transgenes
in the genome of the MucoRice-CTB line. To estab-
lish a seed bank of MucoRice-CTB, we confirmed
the complete sequence of CTB in the MucoRice-CTB
line and oral immunogenicity with protective im-
munity in mice. We also determined Specification
and Test Methods for MucoRice-CTB. For clinical
study, marker-free MucoRice-CTB line was cultured
in a closed hydroponic GMP (Good Manufacturing
Practices) factory at the Institute of Medical Science,

the University of Tokyo (IMS-UT) to produce Mu-
coRice-CTB preparation for the stability and safety
studies. Most of pre-clinical studies including single
and repeated oral toxicity study in dogs and rat
have been done in this time. In addition, we had a
couple of pre-meeting with Pharmaceuticals and
Medical Devices Agency (PMDA). After approving
Institutional Review Board (IRB) of IMS-UT and In-
vestigational New Drug Application (IND) of
PMDA, we will start physician based-phase I study
at IMS-UT hospital from July, 2015.

2. New Generation Nasal Vaccine development

Yoshikazu Yuki', Yoshiko Fukuyama', Yuko
Katakai’, Norihiro Harada®, Mio Mejima', Shiho
Kurokawa', Eun Jeong Park’, Sunyi Joo', Hiroaki
Shibata®, Yasuhiro Yasutomi?, Shinichi Sawada’,
Kazunari Akiyoshi‘, Hiroshi Kiyono': 'Division of
Mucosal Immunology, Department of Microbiol-
ogy and Immunology, The Institute of Medical
Science, The University of Tokyo, *Tsukuba Pri-
mate Research Center, National Institute of Bio-
medical Inovation, *PET Center, Central Research
Laboratory, Hamamatsu Photonics K.K. ‘Depart-
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mentof Polymer Chemistry,
Graduate School of Engineering

Kyoto University

We previously established a nanosized nasal vac-
cine delivery system by using a cationic cholesteryl
group-bearing pullulan nanogel (cCHP nanogel),
which is a protein-based antigen-delivery vehicle
for adjuvant-free nasal vaccination. In the present
study, we examined the central nervous system
safety and efficacy of nasal vaccination with our
developed ¢cCHP nanogel containing pneumococcal
surface protein A (PspA-nanogel) against pneumo-
coccal infection in macaques. When [“F]-labeled
PspA-nanogel was nasally administered to a rhesus
macaque (Macaca mulatta), longer-term retention of
PspA was noted in the nasal cavity when compared
with administration of PspA alone. Of importance,
no deposition of ["F]-PspA was seen in the olfac-
tory bulbs or brain. Nasal PspA-nanogel vaccina-
tion effectively induced PspA-specific serum IgG
with protective activity and mucosal secretory IgA
(SIgA) Ab responses in cynomolgus macaques (Ma-
caca fascicularis). These results demonstrate that
nasal PspA-nanogel vaccination is a safe and effec-
tive strategy for the development of a nasal vaccine
for the prevention of pneumonia in humans.

3. Antibody Therapy for Arthritis and Infectious
Disease

Yoshikazu Yuki', Michiyo Abe’, Shiho Kurokawa',
Mio Mejima', Eun Jeong Park', Jirgen Scheller?,
Masaharu Kuroda®, Hiroshi Kiyono': 'Division of
Mucosal Immunology, Departmentof Microbiology
and Immunology, The Instituteof Medical Science,
The University of Tokyo, Japan, ’Institute for Bio-
chemistry and Molecular biology Il, medical Fac-
ulty, Heinrich-Heine-University Dusseldorf, Dussel-
dorf, Germany; °Rice Physiology Research Team,
National AgricultureResearch Center, Japan.

We previously developed a rice transgenic sys-
tem for the production of a llama variable domain
of a heavy-chain antibody fragment (VHH) specific
for rotavirus in rice seed (which we termed 'Muco-
Rice-ARP1) to control gut infectious disease. In this
study, we developed anti-TNF VHH antibody-pro-
ducing rice (MucoRice-mTNF-VHH). Because anti-
TNF antibody therapy is now commonly used to
treat patients suffering from these inflammatory
conditions, but the cost of treatment continues to be
a concern. MucoRice-mTNF-VHH was produced at
high levels in the rice seeds when we used our
most recent transgene-overexpression system with
RNA interference technology that suppresses the
production of major rice endogenous storage pro-
teins while enhancing the expression of the trans-
gene-derived protein. Production levels of VHH
reached an average of 218 g per rice seed. Further,

approximately 91% of VHH was released easily
when the powder form of MucoRice-TNF-VHH was
mixed with PBS. MucoRice-mTNF-VHH purified by
means of single-step gel filtration from rice PBS ex-
tract showed high neutralizing activity in an in vi-
tro TNF cytotoxicity assay using WEHI164 cells. In
addition, purified MucoRice-mTNF-VHH sup-
pressed progression of collagen-induced arthritis in
mice. These results show that this rice-expression
system is useful for the production of neutralizing
VHH antibody specific for mTNEF.

4. MicroRNA biomarkers engaged in MucoRice-
CTB-induced protective humoral immunity

Eun Jeong Park’, Sunyi Joo', Juneyoung Lee',
Kyohei Naruse', Shiho Kurokawa', Mio Mejima',
Koji Kashima', Yoshikazu Yuki', Ken J. Ishii®, Hi-
roshi Kiyono' 'Division of Mucosal Immunology,
Department of Microbiology and Immunology,
The Institute of Medical Science, The University of
Tokyo, *International Research and Development
Center for Mucosal Vaccine, The Institute of
Medical Science, The University of Tokyo, *Labo-
ratory of Adjuvant Innovation, National Institute
of Biomedical Innovation (NIBIO)

We are aiming in understanding the underlying
molecular mechanisms to generate orally-vaccinated
MucoRice-CTB-specific secretory IgA response and
identifying novel and applicable microRNA
(miRNA) biomarkers. We have performed miRNA
microarray using serum samples from the mice
orally immunized with MucoRice-CTB or WT rice
and obtained a large number of miRNA biomarker
candidates. Among them, we found the certain
miRNAs were highly expressed in the small intes-
tines of the mice orally immunized with MucoRice-
CTB compared to WT rice. In addition, the expres-
sion of thymic stromal lymphopoietin (TSLP), one
of the strong candidates of mucosal adjuvant to ac-
tivate antigen-presenting cells such as B and den-
dritic cells, was remarkably increased on the intesti-
nal epithelium of MucoRice-CTB-immunized mice.
To demonstrate the precise role of TSLP-TSLPR in-
teraction in the protective humoral immunity in-
duced by oral immunizations with MucoRice-CTB,
we utilized and analyzed TSLPR-KO mice and
found TSLP was critical for producing oral antigen-
specific secretory IgA antibodies and further pro-
tecting intestinal diarrhea against cholera-toxin
challenge after oral immunizations with MucoRice-
CTB. We are currently investigating of the molecu-
lar mechanisms, in which miRNAs, their putative
targets, and TSLP play an important role in propa-
gating oral antigen-induced protective humoral im-
munity. On the other hand, we face up to conduct-
ing the clinical study (Phase I) for oral vaccine Mu-
coRice-CTB towards realization of its clinical appli-
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cation this year. Our current study will provide in-
formation beneficial for the clinical study and fur-
ther for developing novel oral vaccines or adju-
vants with safety and efficacy.

5. Critical role of TSLP-TSLPR interaction in in-
ducing secretory IgA responses after nasal
immunizations.

Sunyi Joo"*, Yoshiko Fukuyama', Yosuke
Kurashima', Steven F. Ziegler', Yoshikazu Yuki',
Eun Jeong Park’, Hiroshi Kiyono': ‘Division of
Mucosal Immunology, Department of Microbiol-
ogy and Immunology, The Institute of Medical
Science, The University of Tokyo, ’International
Research and Development Center for Mucosal
Vaccine, The Institute of Medical Science, The
University of Tokyo, Immunology Program, Be-
naroya Research Institute, Seattle, Washington,
USA

There are currently great interest and demand in
developing mucosal vaccine and adjuvant to pre-
vent life-threatening microbial infections. The adap-
tive humoral immune defense at mucosal surfaces
is dominantly mediated by secretory IgA (SIgA) an-
tibodies. Strategy to elicit antigen (Ag)-specific SIgA
responses at nasal respiratory tissues, will be cru-
cial for designing efficacious nasal vaccines. How-
ever, molecular pathways underlying the induction
and maintenance of IgA antibody responses by na-
sal immunizations are largely unknown. Thymic
stromal lymphopoietin (TSLP) is an interleukin-7-
like cytokine and predominantly expressed by epi-
thelial cells of thymus, skin, lung, intestine, and
tonsils, as well as stromal cells, mast cells, and den-
dritic cells (DCs). TSLP plays an important role in
activating DCs to drive T- helper 2 differentiation
and is increased in atopic dermatitis or asthma. On
the other hand, TSLP has been reported to promote
antibody class switch recombination (CSR) in hu-
mans. However, there is no evidence to date for
TSLP-mediated regulation of IgA CSR in the con-
text of nasal immunizations. In current study, we
found that TSLP expression was up-regulated in
the nasal respiratory tissues of the mice nasally im-
munized, suggesting of the TSLP-TSLPR interaction
as a potential cue of mediating nasal respiratory
immunity. To demonstrate whether TSLP-TSLPR
interaction mediates humoral immunity upon nasal
immunizations, we first examined Ag-specific anti-
body production in WT or TSLPR-KO mice nasally
immunized. Interestingly, Ag-specific IgA, but not
IgG, responses in both serum and mucosal secre-
tion were significantly reduced in the TSLPR-KO
mice compared to WT mice immunized, although
there was no difference in total IgG or IgA titers in
the steady state between both mice. Our study is
beneficial for better understandings of the precise

roles of TSLP signaling in protective local immunity
upon nasal immunizations and will contribute to
developing more efficacious nasal vaccines.

6. Regulation of Mast Cells in the Allergic and
non-Allergic Diseases

Yosuke Kurashima, Yoshihiro Takasato, Yuta
Kogure™, Takeshi Sato'™, Yoshinao Konuma',
Sho Watarai**, Kumiko Fujisawa™ Anne
O'connor, Jun Kunisawa™, and Hiroshi Kiyono'**:
'Division of Mucosal Immunology, Department of
Microbiology and Immunology, The Institute of
Medical Science, The University of Tokyo.
*CREST, JST. ’Laboratory of Vaccine Materials,
National Institute of Biomedical Innovation. ‘De-
partment of Medical Genome Science, Graduate
School of Frontier Science, The University of To-
kyo. *Department of Pediatrics, School of Medi-
cine, Keio University.

Mast cells (MCs) mature locally, thus possessing
tissue-dependent phenotypes for their critical roles
in both protective immunity against pathogens and
the development of allergic or inflammatory re-
sponses. We previously reported that MCs highly
express P2X7, a receptor for extracellular ATP, in
the colon but not in the skin. An ATP-P2X7 path-
way induced activation of MCs and accelerates in-
flammatory symptom. In addition, we recently
identified the unique mechanisms by which P2X7
expression on MCs is reduced by fibroblasts in the
skin but not in other tissues. The retinoic-acid-de-
grading enzyme Cyp26bl is highly expressed in
skin fibroblasts, and its inhibition resulted in
upregulation of P2X7 on MCs. We also noted in-
creased expression of P2X7 on skin MCs and conse-
quent P2X7- and MC-dependent dermatitis (so-
called retinoid dermatitis) in the presence of exces-
sive amounts of retinoic acid.

In addition to the down regulation of P2X7, mul-
tiple receptors which regulated MC functions are
tightly modulated by skin fibroblasts. We thus now
aim to elucidate a unique skin-barrier homeostatic
network operating through MC-fibroblast path-
ways.

We also aim to elucidate immunological mecha-
nisms of oral immune therapy (OIT) which is recent
approach for the treatment of food allergy. For ana-
lyzing the underlined mechanisms of OIT, we suc-
cessfully generate novel OIT mice model. In those
mice, the symptom of allergic diarrhea is cured by
the protocol of OIT with heated antigen inocula-
tion.

7. Functional roles of Marcks-like protein ex-
pressed by murine Peyer's patch M cells

Shintaro Sato'?, Satoshi Kaneto"*, Sari Kishikawa’,
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Nobuaki Yoshida‘, and Hiroshi Kiyono***: 'Divi-
sion of Mucosal Immunology, Department of Mi-
crobiology and Immunology, ‘Laboratory of Devel-
opmental Genetics, and °International Research
and Development Center for Mucosal Vaccine,
The Institute of Medical Science, The University of
Tokyo, 2)CREST, JST, and °Graduate School of
Medicine, The University of Tokyo.

The mucosal immune response is triggered by
antigen uptake from the lumen across the mucous
and epithelial cell layers to organized mucosa-asso-
ciated lymphoid tissues such as Peyer's patches
(PPs) in the small intestine. This antigen uptake is
mediated mainly by microfold cells (M cells), which
are located in follicle-associated epithelium (FAE).
To investigate the molecular biology of PP M cells,
we previously identified MARCKS-like protein
(MLP) and GP2 as M-cell-specific molecules. Fur-
ther study revealed that GP2 acts as the scaffold re-
ceptor for the fimbrial protein of bacteria such as E.
coli. and Salmonella Typhimurium on M cells. Al-
though MLP is known as a substrate for protein
kinase C (PKC), the biological role of MLP in M
cells is still unknown.

To address this issue, we generated intestinal epi-
thelial cell (IEC)-specific MLP-deficient (Mip"™*"*)
mice. The expression of MLP was completely abol-
ished in the FAE of PPs in these mice. Matured M
cells, defined by the GP2 expression and the unique
ultra-architectures of shorter microvilli and pocket-
like formation, could be found in Mlp™** mice, in-
dicating that MLP is not involved in the develop-
ment and differentiation of M cells. When the sam-
pling ability of M cells in Milp"™™" mice were exam-
ined, orally-administered fluorescence-nanoparticles
were equally taken up into PPs. However, uptake
of Yersinia enterocolitica, but not S. Typhimurium
was markedly lower in Mip"™** mice than in con-
trol mice.

Since Yersinin outer proteins such as YadA and
invasin have been known to interact with integrin
B1 on M-cell surfaces, we further examined whether
MLP regulates integrin molecules by in vitro assay.
MLP-introduced MODE-K cells enhanced the cellu-
lar response to fibronectin, which is the ligand for
integrin a5p1. On the other hand, mutated MLP,
which lacked PKC phosphorylation sites, had no ef-
fect to enhance the response to fibronectin. In addi-
tion, phosphatase inhibitor treatment canceled the
responsiveness to fibronectin of MLP-expressing
cells, suggesting that movement of MLP between
the plasma membrane and cytoplasm, depending
on the phosphorylation status of MLP, is required
to activate integrin molecules. Taken together, our
findings suggest that MLP regulates the activity of
integrin a5B1 in M cells, depending on its phospho-
rylation status, and contributes to the uptake of Y.
enterocolitica.

8. Innate lymphoid cells govern intestinal epi-
thelial fucosylation

Yoshiyuki Goto™**, Takashi Obata', Jun Kuni-
sawa', Shintaro Sato"?, lvaylo I. Ivanov®, Aayam
Lamichhane', Natsumi Takeyama', Mariko Ka-
mioka’, Mitsuo Sakamoto®, Takahiro Matsuki®, Hi-
romi Setoyama’, Akemi Imaoka®, Satoshi Ue-
matsu®, Shizuo Akira’, Steven E. Domino®, Paulina
Kulig?, Burkhard Becher’, Jean-Christophe
Renauld®, Chihiro Sasakawa, Yoshinori Ume-
saki®, Yoshimi Benno*, and Hiroshi Kiyono': 'Di-
vision of Mucosal Immunology, Department of Mi-
crobiology and Immunology, The Institute of
Medical Science, The University of Tokyo,
’CREST, JST, *Department of Microbiology and
Immunology, Columbia University Medical Cen-
ter, ‘Microbe Division/Japan Collection of Micro-
organisms, RIKEN BioResource Center, *Yakult
Central Institute for Microbiological Research,
*Division of Innate immune regulation, Interna-
tional Research and Development Center for Mu-
cosal Vaccine, Institute for Medical Science, The
University of Tokyo, "Laboratory of Host Defense,
WPI Immunology Frontier Research Center,
Osaka University, *Department of Obstetrics and
Gynecology, Cellular and Molecular Biology Pro-
gram, University of Michigan Medical Center, °In-
stitute of Experimental Immunology, University of
Zirich, “Ludwig Institute for Cancer Research
and Universite catholique de Louvain, and "Divi-
sion of Bacterial Infection, The Institute of Medi-
cal Science, The University of Tokyo.

Fucosylation of intestinal epithelial cells, cata-
lyzed by fucosyltransferase 2 (Fut2), represents a
major mechanism of host-microbiota symbiosis.
Commensal bacteria induce epithelial fucosylation
and epithelial fucose is utilized as a dietary carbo-
hydrate by many of the bacteria. However, the mo-
lecular and cellular mechanisms of the induction of
epithelial fucosylation remain unknown. Here, we
show that type 3 innate lymphoid cells (RORyt+
ILC3) are critical inducers of intestinal epithelial
Fut2 expression and fucosylation and that this in-
duction is mediated by the production of inter-
leukin 22 and Lymphotoxin in a commensal bacte-
ria-dependent and -independent manner, respec-
tively. Disruption of intestinal fucosylation leads to
susceptibility to infection by Salmonella ty-
phimurium. Our data unveil a novel role of ILC3 in
creating the appropriate gut microenvironment
through regulating the epithelial glycosylation.
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for the control of these viral infections.

To date, approximately 250 herpesviruses have been identified, affecting most
animal species. These viruses are associated with a variety of diseases such as
encephalitis, malignancy and mucocutaneous diseases in human and animals.
The objective of our research is to understand the mechanisms by which herpes-
viruses replicate in cells and manifest diseases in their hosts. Our goal is to apply
our fundamental findings for the development of anti-herpetic drugs and vaccines

1. Herpes Simplex Virus 1 UL47 Interacts with
Viral Nuclear Egress factors UL31, UL34 and
Us3, and Regulates Viral Nuclear Egress

Zhuoming Liu, Akihisa Kato, Keiko Shindo, Take-
shi Noda', Hiroshi Sagara’, Yoshihiro Kawaoka',
Jun Arii, and Yasushi Kawaguchi: 'Division of Vi-
rology, Department of Microbiology and Immunol-
ogy, “Medical Proteomics Laboratory, The Insti-
tute of Medical Science, The University of Tokyo,
Minato-ku, Tokyo 108-8639, Japan

Herpesviruses have evolved a unique mechanism
for nuclear egress of nascent progeny nucleocap-
sids: the nucleocapsids bud through the inner nu-
clear membrane into the perinuclear space between
the inner and outer nuclear membranes (primary
envelopment) and enveloped nucleocapsids then
fuse with the outer nuclear membrane to release
nucleocapsids into the cytoplasm (de-envelopment).
We have shown that the herpes simplex virus 1
(HSV-1) major virion structural protein UL47 (or
VP13/VP14) is a novel regulator for HSV-1 nuclear
egress. In particular: (i) UL47 formed a complex(es)
with HSV-1 proteins UL34, UL31, and/or Us3,

which have all been reported to be critical for viral
nuclear egress, and these viral proteins co-localized
at the nuclear membrane in HSV-1-infected cells;
(if) the UL47-null mutation considerably reduced
primary enveloped virions in the perinuclear space,
although capsids accumulated in the nucleus; and
(iif) UL47 was detected in primary enveloped viri-
ons in the perinuclear space by immunoelectron mi-
croscopy. These results suggested that UL47 pro-
moted HSV-1 primary envelopment, probably, by
interacting with the critical HSV-1 regulators for vi-
ral nuclear egress and by modulating their func-
tions.

Like other herpesviruses, HSV-1 has evolved a
vesicle - mediated  nucleocytoplasmic  transport
mechanism for nuclear egress of nascent progeny
nucleocapsids. Although previous reports identified
and characterized several HSV-1 and cellular pro-
teins involved in viral nuclear egress, complete de-
tails of HSV-1 nuclear egress remain to be eluci-
dated. In this study, we have presented data sug-
gesting that (i) the major HSV-1 virion structural
protein UL47 (or VP13/14) formed a complex with
known viral regulatory proteins critical for viral
nuclear egress, and (ii) UL47 played a regulatory
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role in HSV-1 primary envelopment. Thus, we
identified UL47 as a novel regulator for HSV-1 nu-
clear egress.

2. The Role of Herpes Simplex Virus 1 Immedi-

ate-Early Protein ICP22 in Viral Nuclear
Egress
Yuhei Maruzuru, Keiko Shindo, Zhuoming,

Masaaki Oyama', Hiroko Kozuka-Hata', Jun Arii,
Akihisa Kato and Yasushi Kawaguchi: ‘Medical
Proteomics Laboratory, The Institute of Medical
Science, The University of Tokyo, Minato-ku, To-
kyo 108-8639, Japan

In order to investigate the novel function(s) of
the herpes simplex virus 1 (HS5V-1) immediate-early
protein, ICP22, we screened for ICP22-binding pro-
teins in HSV-1-infected cells. Our results were as
follows. (i) Tandem affinity purification of ICP22
from infected cells, coupled with mass spectrome-
try-based proteomics and subsesquent analyses
demonstrates that ICP22 forms a complex(es) with
the HSV-1 proteins UL31, UL34, UL47 (or VP13/14)
and/or Us3. All these proteins have previously been
reported to be important for viral egress through
the nuclear membrane. (ii) ICP22 co-localizes with
UL31 and UL34 at the nuclear membrane in wild-
type HSV-1-infected cells. (iii) The UL31-null muta-
tion prevents the targeting of ICP22 to the nuclear
membrane. (iv) The ICP22-null mutation resulted in
UL31 and UL34 mis-localized in the endoplasmic
reticulum (in addition to the nuclear membrane)
and significantly reduced numbers of primary en-
veloped virions in the perinuclear space, although
capsids accumulated in the nuclei. Collectively,
these results suggest that (i) ICP22 interacts with
HSV-1 regulators of nuclear egress including UL31,
UL34, UL47 and Us3 in HSV-1-infected cells, (ii) UL
31 mediates the recruitment and anchorage of ICP
22 at the nuclear membrane, and (iii) ICP22 plays a
regulatory role in HSV-1 primary envelopment
probably by interacting with and regulating UL31
and UL34. Here we report a previously unknown
function for ICP22 in the regulation of HSV-1 nu-
clear egress.

HSV-1 ICP22 is primarily recognized as a regula-
tor of viral gene expression. In this study, we show
that ICP22 interacts with the HSV-1 proteins UL31
and UL34, that play crucial roles at the nuclear
membrane in HSV-1 primary envelopment during
viral nuclear egress. We also demonstrate that UL
31 is required for the targeting of ICP22 to the nu-
clear membrane and that ICP22 is required for cor-
rect localization of UL31 and/or UL34. Further, we
confirm that ICP22 is required for efficient HSV-1
primary envelopment during viral nuclear egress.
Thus we report, for the first time, that ICP22 plays
a regulatory role in HSV-1 nuclear egress.

3. Role of the Nuclease Activities Encoded by
Herpes Simplex Virus 1 UL12 in Viral Replica-
tion and Neurovirulence

Hikaru Fujii, Michio Mugitani, Naoto Koyanagi,
Zhuoming Liu, Shumpei Tsuda, Jun Arii, Akihisa
Kato and Yasushi Kawaguchi:

The herpes simplex virus 1 (HSV-1) UL12 gene
encodes a nuclease with both endo- and exonucle-
ase activities and an alkaline pH optimum in vitro.
The UL12 amino acid sequence is well-conserved in
all Herpesviridae subfamilies. Thus far, the exact role
(s) of the UL12 nuclease activities in HSV-1 viral
replication in cell cultures has not been fully deter-
mined. Here we showed that enzyme-dead muta-
tions in the herpes simplex virus 1 UL12 gene that
abolished its endo- and exonuclease activities only
slightly reduced viral replication in cell cultures.
However, the UL12 null-mutation significantly re-
duced viral replication. In contrast, the enzyme-
dead mutations significantly reduced viral neur-
ovirulence in mice. Most of the molecular mecha-
nisms for UL12 functions proposed so far are based
on the nuclease activities of UL12. However, we
have presented data here showing that UL12 nucle-
ase activities had only a minor or no significant
role in viral replication in cell cultures, indicating
that an undefined activity(ies) of UL12, unrelated to
its nuclease activities, played a major role. Al-
though the nuclease activities of UL12 appeared to
play only a minor role in viral replication in cell
cultures, we demonstrated here that the nuclease
activities of UL12 played a major role in neuroviru-
lence in mice following intracerebral inoculation.
Therefore, we note that the previously proposed
functions of UL12 based on its nuclease activities
may be important for HSV-1 pathogenesis in vivo.

4. The UL12 Protein of Herpes Simplex Virus 1
Is Regulated by Tyrosine Phosphorylation

Hikaru Fujii, Akihisa Kato, Michio Mugitani,
Yukie Kashima, Masaaki Oyama', Hiroko
Kozuka-Hata', Jun Arii and Yasushi Kawaguchi:
'Medical Proteomics Laboratory, The Institute of
Medical Science, The University of Tokyo, Minato-
ku, Tokyo 108-8639, Japan

The herpes simplex virus 1 UL12 protein (pUL12)
is a nuclease that is critical for viral replication in
vitro and neurovirulence in vivo. In this study,
mass spectrometric analysis of pUL12 and phos-
phate-affinity SDS-polyacrylamide gel electrophore-
sis analysis identified tyrosine at pUL12 residue 371
(Tyr-371) as a pUL12 phosphorylation site: Tyr-371
is conserved in pUL12 homologs in herpesviruses
in all Herpesviridae subfamilies. Replacement of Tyr-
371 with phenylalanine (Y371F) in pUL12 (i) abol-
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ished its exonuclease activity in HSV-1-infected
Vero, HEL and A549 cells; (ii) reduced viral replica-
tion and cell-cell spread, and expression of pUL12
in infected cells in a cell type-dependent manner;
(iii) led to aberrant subcellular localization of pUL
12 in infected cells in a cell type-dependent man-
ner; and (iv) reduced HSV-1 neurovirulence in
mice. The effects of the pUL12 Y371F mutation in
cell cultures and mice were similar to those of a nu-
clease-dead double mutation in pUL12, although
the Y371F mutation reduced viral replication sev-
eral-fold more than the nuclease-dead double muta-
tion in a cell type- and multiplicity of infection-de-
pendent manner. Replacement of Tyr-371 with glu-
tamic acid, which mimics constitutive phosphoryla-
tion, restored the wild-type phenotype in cell cul-
tures and mice. These results suggested that phos-
phorylation of pUL12 Tyr-371 was essential for
pUL12 to express its nuclease activity in HSV-1-in-
fected cells, and that this phosphorylation pro-
moted viral replication and cell-cell spread in cell
cultures and nerurovirulence in mice mainly by up-
regulating pUL12 nuclease activity and, in part, by

regulating subcellular localization and expression of
pUL12 in HSV-1-infected cells.

Herpesviruses encode a considerable number of
enzymes for their replication. Like cellular en-
zymes, the viral enzymes need to be properly regu-
lated in infected cells. Although the functional as-
pects of herpesvirus enzymes have gradually been
clarified, there is a lack of information on how most
of these enzymes are regulated in infected cells. In
the present study, we have reported that the enzy-
matic activity of herpes simplex virus 1 alkaline nu-
clease pUL12 was regulated by phosphorylation of
pUL12 Tyr-371 in infected cells, and that this phos-
phorylation promoted viral replication and cell-cell
spread in cell cultures and nerurovirulence in mice,
mainly by up-regulating pUL12 nuclease activity.
Interestingly, pUL12 and tyrosine at pUL12 residue
371 appeared to be conserved in all herpesviruses
in the family Herpesviridae, raising the possibility
that the herpesvirus pUL12 homologs may also be
regulated by phosphorylation of the conserved ty-
rosine residue.
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