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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 by 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 these viral infections.

1. Evaluation of seasonal influenza vaccines for
H1N1pdmO09 and type B viruses based on a
replication-incompetent PB2-KO virus.

Ui H', Yamayoshi S, Uraki R, Kiso M, Oishi K,
Murakami S’, Mimori S', Kawaoka Y: 'Vaccine
Research Department, Denka Seiken Co., Ltd., Ja-
pan, *Department of Special Pathogens, Interna-
tional Research Center for Infectious Diseases, In-
stitute of Medical Science, University of Tokyo, Ja-
pan.

Vaccination is the first line of protection against
influenza virus infection in humans. Although inac-
tivated and live-attenuated vaccines are available,
each vaccine has drawbacks in terms of immuno-
genicity and safety. To overcome these issues, our
group has developed a replication-incompetent PB
2-knockout (PB2-KO) influenza virus that replicates
only in PB2-expressing cells. Here we generated PB

2-KO viruses possessing the hemagglutinin (HA)
and neuraminidase (NA) segments from HINIpdm
09 or type B viruses and tested their vaccine poten-
tial. The two PB2-KO viruses propagated efficiently
in PB2-expressing cells, and expressed chimeric HA
as expected. Virus-specific IgG and IgA antibodies
were detected in mice immunized with the viruses,
and the immunized mice showed milder clinical
signs and/or lower virus replication levels in the
respiratory tract upon virus challenge. Our results
indicate that these PB2-KO viruses have potential
as vaccine candidates.

2. Broadly Reactive Human Anti-hemagglutinin
Stem Monoclonal Antibody That Inhibits Influ-
enza A Virus

Yamayoshi S, Uraki R, Ito M, Kiso M, Nakatsu S,
Yasuhara A, Oishi K, Sasaki T, Ikuta K’, Kawa-
oka Y: 'Department of Virology, Research Insti-
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tute for Microbial Diseases, Osaka University, Ja-
pan.

Many broadly reactive human monoclonal anti-
bodies against the hemagglutinin (HA) stem of in-
fluenza A virus have been developed for therapeu-
tic applications. These antibodies typically inhibit
viral entry steps, especially the HA conformational
change that is required for membrane fusion. To
better understand the mechanisms by which such
antibodies inhibit viral replication, we established
broadly reactive human anti-HA stem antibodies
and determined the properties of these antibodies
by examining their reactivity with 18 subtypes of
HA, evaluating their in vivo protective efficacy,
identifying their epitopes, and characterizing their
inhibitory mechanisms. Among the eight human
monoclonal antibodies we generated, which recog-
nized at least 3 subtypes of the soluble HA antigens
tested, clone 59-1-10/5-1 reacted with 18 subtypes of
HA and protected mice from lethal infection with
H1N1pdm09, H3N2, H5N1, and H7N9 viruses. This
antibody recognized the HA2 helix A in the HA
stem, and inhibited virus particle release from in-
fected cells but did not block viral entry com-
pletely. These results show that broadly reactive
human anti-HA stem antibodies can exhibit protec-
tive efficacy by inhibiting virus particle release.
These findings expand our knowledge of the
mechanisms by which broadly reactive stem-target-
ing antibodies inhibit viral replication and provide
valuable information for universal vaccine develop-
ment.

3. A highly pathogenic avian H7N9 influenza vi-
rus isolated from a human is lethal in some
ferrets infected via respiratory droplets

Imai M, Watanabe T, Kiso M, Nakajima N
Yamayoshi S, Iwatsuki-Horimoto K, Hatta M,
Yamada S, Ito M, Sakai-Tagawa Y, Shirakura M°,
Takashita E°, Fujisaki S°, McBride R’, Thompson
AJ’, Takahashi K, Maemura T, Mitake H, Chiba
S, Zhong G°, Fan S°, Oishi K, Yasuhara A,
Takada K, Nakao T, Fukuyama S, Yamashita M,
Lopes TJS’, Neumann G°, Odagiri T°, Watanabe
S° Shu Y?, Paulson JC’, Hasegawa H‘, Kawaoka
Y: ‘Department of Pathology, National Institute of
Infectious Diseases, Japan, *Influenza Research In-
stitute, Department of Pathobiological Sciences,
School of Veterinary Sciences, University of Wis-
consin-Madison, USA, ‘Influenza Virus Research
Center, National Institute of Infectious Diseases,
Japan, 'Departments of Molecular Medicine & Im-
munology and Microbiology, The Scripps Re-
search Institute, USA, *National Institute for Viral
Disease Control and Prevention, China Centers for
Disease Control and Prevention, China.

Low pathogenic H7N9 influenza viruses have re-
cently evolved to become highly pathogenic, raising
concerns of a pandemic, particularly if these viruses
acquire efficient human-to-human transmissibility.
We compared a low pathogenic H7N9 virus with a
highly pathogenicisolate, and two of its variants
that represent neuraminidase inhibitor-sensitive and
-resistant subpopulations detected within the iso-
late. The highly pathogenic H7N9 viruses replicated
efficiently in mice, ferrets, and/or nonhuman pri-
mates, and were more pathogenic in mice and fer-
rets than the low pathogenic H7N9 virus, with the
exception of the neuraminidase inhibitor-resistant
virus, which showed mild-to-moderate attenuation.
All viruses transmitted among ferrets via respira-
tory droplets, and the neuraminidase-sensitive vari-
ant killed several of the infected and exposed ani-
mals. Neuraminidase inhibitors showed limited ef-
fectiveness against these viruses in vivo, but the vi-
ruses were susceptible to a polymerase inhibitor.
These results suggest that the highly pathogenic H7
N9 virus has pandemic potential and should be
closely monitored.

4. Multi-platform 'Omics Analysis of Human
Ebola Virus Disease Pathogenesis

Eisfeld AJ°, Halfmann PJ°, Wendler JP°, Kyle JE’,
Burnum-Johnson KE’, Peralta Z'", Maemura T,
Walters KB’, Watanabe T, Fukuyama S, Yama-
shita M, Jacobs JM’, Kim Y-M’, Casey CP’,
Stratton KG", Webb-Robertson BM'", Gritsenko
MA’, Monroe ME’, Weitz KK’, Shukla AK’, Tian
M", Neumann G, Reed JL”, van Bakel H", Metz
TO’, Smith RD’, Waters KM’, N'jai A", Sahr F",
Kawaoka Y: ’Biological Sciences Division, Earth
and Biological Sciences Directorate, Pacific North-
west National Laboratory (PNNL), USA, ""Depart-
ment of Genetics and Genomic Sciences, Icahn
School of Medicine at Mount Sinai (ISMMS),
USA, "Computing and Analytics Division, Na-
tional Security Directorate, PNNL, USA, "Depart-
ment of Chemical and Biological Engineering,
UW-Madison, USA, “Department of Biological
Sciences, Fourah Bay College, College of Medicine
& Allied Health Sciences, University of Sierra
Leone, Sierra Leone, “34(th) Regimental Military
Hospital at Wilberforce, Sierra Leone.

The pathogenesis of human Ebola virus disease
(EVD) is complex. EVD is characterized by high
levels of virus replication and dissemination, dys-
regulated immune responses, extensive virus- and
host-mediated tissue damage, and disordered co-
agulation. To clarify how host responses contribute
to EVD pathophysiology, we performed multi-plat-
form 'omics analysis of peripheral blood mononu-
clear cells and plasma from EVD patients. Our re-
sults indicate that EVD molecular signatures over-
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lap with those of sepsis, imply that pancreatic en-
zymes contribute to tissue damage in fatal EVD,
and suggest that Ebola virus infection may induce
aberrant neutrophils whose activity could explain
hallmarks of fatal EVD. Moreover, integrated
biomarker prediction identified putative biomarkers
from different data platforms that differentiated
survivors and fatalities early after infection. This
work reveals insight into EVD pathogenesis, sug-
gests an effective approach for biomarker identifica-
tion, and provides an important community re-
source for further analysis of human EVD severity.

5. Syrian hamster as an animal model for the
study of human influenza virus infection.

Iwatsuki-Horimoto K, Nakajima N‘, Ichiko Y,
Sakai-Tagawa Y, Noda T", Hasegawa H', Kawa-
oka Y: “"Laboratory of Ultrastructural Virology,
Institute for Frontier Life and Medical Sciences,
Kyoto University, Japan.

Ferrets and mice are frequently used as animal
models for influenza research. However, ferrets are
demanding in terms of housing space and han-
dling, whereas mice are not naturally susceptible to

infection with human influenza A or B viruses.
Therefore, prior adaptation of human viruses is re-
quired for their use in mice. In addition, there are
no mouse-adapted variants of the recent H3N2 vi-
ruses, because these viruses do not replicate well in
mice. In this study, we investigated the susceptibil-
ity of Syrian hamsters to influenza viruses with a
view to using them as an alternative animal model
to mice. We found that hamsters are sensitive to in-
fluenzaviruses, including the recent H3N2 viruses,
without adaptation. Although the hamsters did not
show weight loss or clinical signs of H3N2 virus in-
fection, we observed pathogenic effects in the respi-
ratory tracts of the infected animals. All of the H3N
2 viruses tested replicated in the respiratory organs
of the hamsters, and some of them were detected in
the nasal washes of infected animals. Moreover, a
pdm09 and a seasonal HINI virus, as well as one
of the two H3N2 viruses, but not a type B virus,
were airborne transmissible in these hamsters.
Hamsters thus have potential as a small animal
model for the study of influenza virus infection, in-
cluding studies of the pathogenicity of H3N2 vi-
ruses and other strains, as well as HIN1 virus
transmission studies.

Publications

1. Maemura T, Fukuyama S, Sugita Y, Lopes TJS,
Nakao T, Noda T, Kawaoka Y. Lung-derived
exosomal miR-483-3p regulates the innate im-
mune response to influenza virus infection. J In-
fect Dis (in press).

2. Nanbo A, Maruyama J, Imai M, Ujie M, Fujioka
Y, Nishide S, Takada A, Ohba Y, Kawaoka Y.
Ebola virus requires a host scramblase for exter-
nalization of phosphatidylserine on the surface
of viral particles. PLoS Pathog (in press).

3. Nakatsu S, Murakami S, Shindo K, Horimoto T,
Sagara H, Noda T, Kawaoka Y. Influenza C and
D viruses package eight organized ribonucleo-
protein complexes. ] Virol (in press)

4. Yasuhara A, Yamayoshi S, Soni P, Takenaga T,
Kawakami C, Takashita E, Sakai-Tagawa Y,
Uraki R, Ito M, Iwatsuki-Horimoto K, Sasaki T,
Ikuta K, Yamada S, Kawaoka Y. Diversity of
antigenic mutants of influenza A(HIN1)pdm09
virus escaped from human monoclonal antibod-
ies. Sci Rep 7: 17735, 2017

5. Yamayoshi S, Ito M, Uraki R, Sasaki T, Ikuta K,
Kawaoka Y. Human protective monoclonal an-
tibodies against the HA stem of group 2 HAs
derived from an H3N2 virus-infected human. J
Infect (in press)

6. Zhong G, Le MQ, Lopes TJS, Halfmann P,
Hatta M, Fan S, Neumann G, Kawaoka Y. Mu-
tations in the PA Protein of Avian H5N1 Influ-

enza Viruses Affect Polymerase Activity and
Mouse Virulence. J Virol (in press)

7. Iwatsuki-Horimoto K, Nakajima N, Ichiko Y,
Sakai-Tagawa Y, Noda T, Hasegawa H, Kawa-
oka Y. Syrian hamster as an animal model for
the study of human influenza virus infection. J
Virol (in press)

8. Kiso M, Lopes TJS, Yamayoshi S, Ito M, Yama-
shita M, Nakajima N, Hasegawa H, Neumann
G, Kawaoka Y. Combination Therapy with
Neuraminidase and Polymerase Inhibitors in
Nude Mice Infected with Influenza Virus. | In-
fect Dis (in press)

9. Sakai-Tagawa Y, Yamayoshi S, Kawakami C, Le
MQ, Uchida Y, Saito T, Nidom CA, Humaira I,
Toohey-Kurth K, Arafa AS, Liu MT, Shu Y,
Kawaoka Y. Reactivity and sensitivity of com-
mercially available influenza rapid diagnostic
tests in Japan. Sci Rep 7: 14483, 2017.

10. Kiso M, Iwatsuki-Horimoto K, Yamayoshi S,
Uraki R, Ito M, Nakajima N, Yamada S, Imai
M, Kawakami E, Tomita Y, Fukuyama S, Itoh
Y, Ogasawara K, Lopes TJS, Watanabe T,
Moncla LH, Hasegawa H, Friedrich TC,
Neumann G, Kawaoka Y. Emergence of
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Infect Dis 216: 582-593, 2017.

11. Eisfeld AJ, Halfmann P], Wendler JP, Kyle JE,
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Burnum-Johnson KE, Peralta Z, Maemura T,
Walters KB, Watanabe T, Fukuyama S,
Yamashita M, Jacobs JM, Kim Y-M, Casey CP,
Stratton KG, Webb-Robertson B-J, Gritsenko
MA, Monroe ME, Weitz KK, Shukla AK, Tian
M, Neumann G, Reed JL, van Bakel H, Metz
TO, Smith RD, Waters KM, NYai A, Sahr F,
Kawaoka Y. Multi-Platform 'Omics Analysis of
human Ebola virus disease pathogenesis. Cell
Host & Microbe 22: 817-829, 2017.

Imai M, Watanabe T, Kiso M, Nakajima N,
Yamayoshi S, Iwatsuki-Horimoto K, Hatta M,
Yamada S, Ito M, Sakai-Tagawa Y, Shirakura
M, Takashita E, Fujisaki S, McBride R,
Thompson AJ, Takahashi K, Maemura T, Mi-
take H, Chiba S, Zhong G, Fan S, Oishi K,
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Yamashita M, Lopes TJS, Neumann G, Odagiri
T, Watanabe S, Paulson JC, Hasegawa H,
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Cell Host & Microbe 22: 615-626, 2017.

Hatta Y, Boltz D, Sarawar S, Kawaoka Y,
Neumann G, Bilsel P. M2SR, a novel live influ-
enza vaccine, protects mice and ferrets against
highly pathogenic avian influenza. Vaccine 35:
4177-4183, 2017.

Yamayoshi S, Uraki R, Ito M, Kiso M, Nakatsu
S, Yasuhara A, Oishi K, Sasaki T, Ikuta K,
Kawaoka Y. A Broadly Reactive Human Anti-
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and type B viruses based on a replication-in-
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Kawaoka Y, Kida H, Ogasawara K. Potential
risk of repeated nasal vaccination that induces
allergic reaction with mucosal IgE and airway
eosinophilic infiltration in cynomolgus ma-
caques infected with H5N1 highly pathogenic
avian influenza virus. Vaccine 35: 1008-1017,
2017.

Zhao D, Liang L, Wang S, Nakao T, Li Y, Liu L,
Guan Y, Fukuyama S, Bu Z, Kawaoka Y, Chen
H. Glycosylation of the HA protein of H5N1 vi-
rus increases its virulence in mice by exacerbat-
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e02215-02216, 2017.

Burnum-Johnson KE, Kyle JE, Eisfeld AJ, Casey
CP, Stratton KG, Gonzalez JF, Habyarimana F,
Negretti NM, Sims AC, Chauhan S, Thackray
LB, Halfmann PJ, Walters KB, Kim YM, Zink
EM, Nicora CD, Weitz KK, Webb-Robertson
BM, Nakayasu ES, Ahmer B, Konkel ME, Motin
V, Baric RS, Diamond MS, Kawaoka Y, Waters
KM, Smith RD, Metz TO. MPLEx: a method for
simultaneous pathogen inactivation and extrac-
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lyst 142: 442-448, 2017.

Iwatsuki-Horimoto K, Nakajima N, Shibata M,
Takahashi K, Sato Y, Kiso M, Yamayoshi S, Ito
M, Enya S, Otake M, Kangawa A, da Silva
Lopes T]J, Ito H, Hasegawa H, Kawaoka Y. Mi-
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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, the localization and the function of TLRs to avoid excessive immune re-
sponses for endogenous ligands. We have found recently a candidate for endoge-
nous ligand for TLRs. Our research focuses on regulatory mechanisms controlling

1. The protective effect of the anti-Toll-like re-
ceptor 9 antibody against acute cytokine
storm caused by immunostimulatory DNA

Yusuke Murakami', Ryutaro Fukui', Yuji Motoi',
Takuma Shibata', Shin-Ichiroh Saitoh', Ryota
Sato' and Kensuke Miyake'*: 'Division of Infec-
tious 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

Toll-like Receptor 9 (TLRY) is an innate immune
receptor recognizing microbial DNA. TLR9 is also
activated by self-derived DNA, such as mitochon-
drial DNA, in a variety of inflammatory diseases.
We show that TLR9 activation in vivo is controlled
by an anti-TLR9 monoclonal Ab (mAb). A newly
established mAb, named NaR9, clearly detects en-
dogenous TLRY expressed in primary immune cells.
NaR9 inhibited TLR9-dependent cytokine produc-
tion in vitro by bone marrow-derived macrophages
and conventional dendritic cells, but not plasmacy-

toid dendritic cells. The difference of inhibitory ef-
fect among cell types depends on the uptake activ-
ity of antibody. Furthermore, NaR9 treatment res-
cued mice from fulminant hepatitis caused by ad-
ministering the TLR9 ligand CpGB and D-(+)-ga-
lactosamine. The production of proinflammatory
cytokines induced by CpGB and D-(+)-galacto-
samine was significantly impaired by the mAb.
These results suggest that a mAb is a promising
tool for therapeutic intervention in TLR9-dependent
inflammatory diseases.

2. Licensing Toll-like receptor 7 to induce type |
interferon by CD11a/CD18 Integrin

Shin-Ichiroh Saitoh', Fumiko Abe’, Atsuo Kanno',
Natsuko Tanimura', Ryutaro Fukui', Takuma Shi-
bata', Katsuaki Sato’, Takeshi Ichinohe', Mayumi
Hayashi®, Kazuishi Kubota®, Yorifumi Kikko’,
Toshiaki Katada’, Kenji Kontani** and Kensuke
Miyake': 'Division of Innate Immunity, Depart-
ment of Microbiology and Immunology, The Insti-
tute of Medical Science, The University of Tokyo,
’Department of Physiological Chemistry, Graduate
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School of Pharmaceutical Sciences, The University
of Tokyo, ’Division of Immunology, Department of
Infectious Diseases, Faculty of Medicine, Univer-
sity of Miyazaki, ‘Division of Viral Infection, De-
partment of Infectious Disease Control, Interna-
tional Research Center for Infectious Diseases, In-
stitute of Medical Science, The University of To-
kyo, *Discovery Science and Technology Depart-
ment, Daiichi Sankyo RD Novare Co., Ltd., ‘De-
partment of Biochemistry, Meiji Pharmaceutical
University.

Plasmacytoid dendritic cells (pDCs) sense viral
RNA through Toll-like receptor (TLR) 7 and pro-
duce type I interferons (IFN-1) to initiate pDC re-
sponses against viral infection. pDCs form clusters
upon virus infection and cell adhesion enhances
IFN-1 responses. Little is known, however, about
the molecular mechanism linking cell adhesion with
IFN-1 expression. Here we show that cell adhesion
licenses TLR7 to traffic for IFN-1 induction.
Liganded TLR7 activated CD11a/CD18 integrin in
MyD88-dependent manner to induce microtubule
elongation. TLR7-containing lysosome was linked
with microtubule through a GTPase Arl8b and its
effector SKIP, resulting in peripheral TLR7 localiza-
tion. An IFN-1 signaling molecule, TNF receptor as-
sociated factor 3 (TRAF3), was constitutively associ-
ated with downstream signaling molecules IkB
kinase o and mTORCI. Liganded TLR? trafficked
to mTORC1 and induced association of TRAF6 with
TRAF3 and interferon regulatory factor 7 (IRF7).
IFN-1 was produced predominantly in pDCs in cell
cluster rather than isolated pDCs. These results
suggest that IFN-1 induction by TLR7 is limited to
clustered pDCs through licensing by cell adhesion
molecules.

3. ADP-libosylation factor-like 8b is required for
development of Systemic Lupus Erythemato-
sus in BXSB.Yaa mice

Shin-Ichiroh Saitoh', Yoshiko Mori Saitoh', Ka-
tsuaki Sato’, Kenji Kontani’, and Kensuke Mi-
yake'': 'Division of Innate Immunity, Department
of Microbiology and Immunology, The Institute of
Medical Science, The University of Tokyo, 4-6-1
Shirokanedai, Minatoku, Tokyo 108-8639, Japan,
‘Department of Biochemistry, Meiji Pharmaceuti-
cal University, Ayase, Tokyo 204-8588, Japan, *Di-
vision of Immunology, Department of Infectious
Diseases, Faculty of Medicine, University of Mi-
yazaki, 5200 Kihara, Kiyotake, Miyazaki 889-1692,
Japan, ‘Laboratory of Innate Immunity, Center
for Experimental Medicine and Systems Biology,
The Institute of Medical Science, The University of
Tokyo, Tokyo 108-8639, Japan.

Plasmacytoid dendritic cell (pDC) senses viral

RNA through Toll-like receptor (TLR)7 and ex-
presses type I interferons (IFN-1) to induce defense
responses against viruses. pDC also responds to
self RNA and expresses IFN-1, which plays patho-
genic roles in systemic lupus erythematosus (SLE).
We have reported the requirement of ADP-ribosyla-
tion factor-like 8b (Arl8b) for TLR7 dependent IFN-
1 production in pDC. We here studied the role of
Arl8b in a well-studied SLE model, BXSB.Yuaa mice.
Arl8b'* gene trap mice were back-crossed more
than 13 times with BXSB.Yaa mice. BXSB.Yaa mice
began to die from 13 weeks old, and 9 out of 10
mice died by 33 weeks old. In contrast, Arl8b°'*
BXSB.Yaa mice were all alive until 33 weeks old.
Our data suggest the key role of Arl8b in the SLE
model, probably by enabling TLR7 dependent IFN-
1 production in pDC. Our data suggest that Arl8b
is an attractive new target for therapeutic interven-
tion in SLE.

4. Guanosine and its modified derivatives are
endogenous ligands for TLR7

Takuma Shibata', Yuji Motoi', Kensuke Miyake':
"Laboratory of Innate Immunity, Center for Ex-
perimental Medicine and Systems Biology, The In-
stitute of Medical Science, The University of To-
kyo, 4-6-1 Shirokanedai, Minatoku, TOKYO1208-
8639, Japan.

Toll-like receptor 7 (TLR?) in the endolysosome is
a sensor for single-stranded RNA (ssRNA) from vi-
ruses and it induces antiviral immune response. In
addition, this receptor also responds to synthetic
small molecules such as R848 and Imiquimod.
However, it remains unclear how and why TLR7
can sense these two distinct ligands. We have
found that TLR7 recognized guanosine (G) and its
analogue, deoxyguanosine (dG), in the presence of
uridine-containing oligoribonucleotide (U-ORN).
With U-ORN, G/dG synergistically activated TLR7
and induced cytokine production in macrophages,
cDCs and pDCs. In consistent with this finding,
specific binding between G/dG, but not other nu-
cleosides, and TLR7/U-ORN complex was detect-
able by isothermal titration calorimetry. Further-
more, there were two ligand-binding sites in the
crystal structure of TLR7: the first site bound to a
G/dG, and the second site bound to an U-ORN.
These results strongly suggest that TLR7 recognizes
degradation products of ssSRNA, G and U-ORN, but
not ssRNA itself, and it raise the possibility that
TLR7 sense degradation products of genomic DNA.
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Publications

Furukawa S, Moriyama M, Miyake K, Nakashima
H, Tanaka A, Maehara T, lizuka-Koga M, Tsuboi
H, Hayashida JN, Ishiguro N, Yamauchi M, Su-
mida T, Nakamura S. Interleukin-33 produced by
M2 macrophages and other immune cells contrib-
utes to Th2 immune reaction of IgG4-related dis-
ease. Sci Rep 7: 42413. 2017

Hansbro PM, Haw TJ, Starkey MR, Miyake K. Toll-
like receptors in COPD. Eur Respir . 49. 2017

lijima ], Kobayashi S, Kitazume S, Kizuka Y, Fuji-
nawa R, Korekane H, Shibata T, Saitoh SI, Aka-
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N. Core fucose is critical for CD14-dependent
Toll-like receptor 4 signaling. Glycobiology. 27(11):
1006-1015. 2017

Miyake K, Shibata T, Ohto U, Shimizu T. Emerging
roles of the processing of nucleic acids and Toll-
like receptors in innate immune responses to nu-
cleic acids. | Leukoc Biol. 101: 135-142. 2017

Morita N, Yamazaki T, Murakami Y, Fukui R,
Yamai I, Ichimonji I, Nakashima A, Nagaoka F,
Takagi H, Miyake K, Akashi-Takamura S. C4b-
binding protein negatively regulates TLR4/MD-2
response but not TLR3 response. FEBS Lett. 591:
1732-1741. 2017

Murakami Y, Fukui R, Motoi Y, Shibata T, Saitoh
SI, Sato R, Miyake K. The protective effect of the
anti-Toll-like receptor 9 antibody against acute
cytokine storm caused by immunostimulatory
DNA. Sci Rep. 7: 44042. 2017

Oka M, Hashimoto K, Yamaguchi Y, Saitoh SI,
Sugiura Y, Motoi Y, Honda K, Kikko Y, Ohata S,
Suematsu M, Miura M, Miyake K, Katada T,

Kontani K. Arl8b is required for lysosomal degra-
dation of maternal proteins in the visceral yolk
sac endoderm of mouse embryos. | Cell Sci. 130:
3568-3577. 2017

Okamoto N, Mizote K, Honda H, Saeki A, Watana-
be Y, Yamaguchi-Miyamoto T, Fukui R, Tani-
mura N, Motoi Y, Akashi-Takamura S, Kato T,
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Mucosal surfaces are the first line of host defense against foreign substances
such as pathogenic microorganisms and allergens. In addition, the mucosal im-
mune system not only senses harmful foreign antigens, but also establishes a tol-
erance that does not react excessively to antigens such as food-derived proteins
and commensal bacteria. Our mission is the understanding molecular and cellular
aspects of the mucosal immune system, providing mucosal vaccines to prevent in-
fectious diseases, and establishing mucosal immune therapy to control food al-
lergy and autoimmune diseases such as inflammatory bowel diseases.

1. Development of nanogel-based nasal vaccina-
tion system for various infectious diseases

Rika Nakahashi', Yohei Uchida', Tomoyuki Yama-
noue', Jun Nishimura', Yoshikazu Yuki', Hiroshi
Kiyono'*’: 'Division of Mucosal Immunology, In-
stitute of Medical Science, The University of To-
kyo ‘International Research and Development
Center for Mucosal Vaccine, The Institute of
Medical Science, The University of Tokyo ‘Depart-
ment of Immunology, Graduate School of Medi-
cine, Chiba University

Nasal vaccination is one of the most effective im-
munization methods because it can induce effective
antigen-specific immune responses not only at the
mucosal site of administration but also at distant
mucosal surfaces, as well as in the systemic com-
partment. Based on this advantage, we have been
promoting the development of novel nasal vaccina-
tion system using cholesteryl group-bearing pullu-
lan (CHP) nanogels. CHP nanogels have been de-
veloped as novel drug delivery system, and a cat-
ionic CHP nanogels have been demonstrated to in-
duce effective immunity as a nasal vaccine antigen
carrier. Since vaccine antigens incorporated into
CHP nanogels have exhibited no brain deposition

after nasal administration in mice and nonhuman
primates, the vaccine seems safe, and could be a
promising new delivery system. Recently we have
established the CHP nanogel-based vaccines against
various infectious pathogens such as S. pneumoniae
to combine specific recombinant protein antigens
respectively. In both cases, antigen specific anti-
body responses or cell mediated immunity was ef-
fectively induced after nasal vaccine administration.
Moreover, we demonstrated the efficacy of the vac-
cination in the murine bacteria airway infection
model. Thus, CHP nanogel-based nasal vaccination
system provide effective approach for various infec-
tious diseases.

2. The development of nasal anti-hypertension
vaccine

Tatsuhiko Azegami”, Yoshikazu Yuki’, Kaori
Hayashi’, Akihito Hishikawa’, Shin-ichi Sawada*’,
Kazuya Ishige’, Kazunari Akiyoshi*’, Hiroshi Ki-
yono"*’, Hiroshi Itoh’: 'Division of Mucosal Immu-
nology, Department of Microbiology and Immu-
nology, The Institute of Medical Science, The Uni-
versity of Tokyo ‘International Research and De-
velopment Center for Mucosal Vaccines, The Insti-
tute of Medical Science, The University of Tokyo
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‘Department of Internal Medicine, School of Medi-
cine, Keio University ‘Department of Polymer
Chemistry, Graduate School of Engineering,
Kyoto University *Japan Science and Technology
Agency (JST), The Exploratory Research for Ad-
vanced Technology (ERATO) ‘Biochemicals Divi-
sion, Yamasa Corporation 'Department of Immu-
nology, Graduate School of Medicine, Chiba Uni-
versity.

Objectives: To combat global increases in the
prevalence of lifestyle-related diseases and con-
comitant infectious diseases, we aimed to develop
an innovative intranasal vaccine that simultane-
ously targets both hypertension and pneumonia, is
not given by invasive injection, and offers pro-
longed therapeutic effect and reduced frequency of
administration. Methods: ATIR-PspA vaccine, con-
sisting of a cationic nanogel incorporating an-
giotensin II type 1 receptor (AT1R) partial peptide
conjugated with pneumococcal surface protein A
(PspA) and cyclic di-GMP adjuvant, was created
and given intranasally to spontaneously hyperten-
sive rats (SHRs). Antigen-specific antibodies and
blood pressure were examined to evaluate immune
responses and the anti-hypertensive effect of the
vaccine. To examine the protective effect of anti-
bodies induced by vaccination on pneumococcal in-
fection, sera obtained from immunized SHRs were
incubated with a lethal dose of Streptococcus pneu-
moniae and then administered to mice. Results:
Five doses of AT1R-PspA nasal vaccine induced AT
1R-specific serum IgG antibody production and at-
tenuated the development of hypertension in SHRs
in the long term. Both in vitro and in vivo studies
revealed that responses to angiotensin II were sup-
pressed in vaccinated rats. Anti-AT1R IgG antibody
incubated with angiotensin II in rat aortic vascular
smooth muscles directly inhibited downstream AT1
R signaling pathways. Mice passively immunized
with sera obtained from ATIR-PspA-vaccinated
SHRs were protected from lethal pneumococcal in-
fection. Conclusions: Intranasal immunization with
ATIR-PspA vaccine has the potential to simultane-
ously attenuate the development of hypertension
and protect from lethal pneumococcal infection.

3. Investigation on the crosstalk between nasal-
female reproductive immune system.

Sunyi Joo', Aldina Suwanto', Ayuko Sato', Shin-
taro Sato"”’, Kurashima Yosuke'”*’, Rika Naka-
hashi', Yoshikazu Yuki', Yasushi Kawaguchi® and
Hiroshi Kiyono"**: 'Division of Mucosal Immunol-
ogy, Department of Microbiology and Immunol-
ogy, The Institute of Medical Science, The Univer-
sity of Tokyo, Japan, ‘International Research and
Development Center for Mucosal Vaccines, The
Institute of Medical Science, The University of To-

kyo, Japan, *Mucosal Vaccine Project, BIKEN In-
novative Vaccine Research Alliance Laboratories,
Research Institute for Microbial Diseases (RIMD),
Osaka University, Japan, ‘Department of Mucosal
Immunology, Graduate School of Medicine, Chiba
University, Chiba, Japan, ‘Department of Innova-
tive Medicine, Graduate School of Medicine,
Chiba University, Chiba, Japan, ‘Division of Viral
Infection, Department of Infectious Disease Con-
trol, International Research Center for Infectious
Diseases, The Institute of Medical Science, The
University of Tokyo, Japan

We are investigating on the unknown role of se-
lective chemokine ligand and chemokine receptor
signaling cascades on the effective reproductive
homing pathway initiated by mnasal vaccination.
Here, using nasal immunization model of live at-
tenuated thymidine kinase-deficient herpes simplex
virus-2 (HSV-2 TK"), it was found that chemokine
receptor CCR5 expressions in CD4" T cells were
significantly upregulated in the nasal antigen prim-
ing sites and vagina tissue. The study identified
that expressions of ligands of CCR5 were all
upregulated in vaginal tissue and especially CCL5
expression was highly enhanced in vaginal tissue
after nasal immunization with HSV-2 TK". CCR5-
deficiency and CCL5 blocking in vaginal tissue sig-
nificantly diminished antigen-specific IFN-y-secret-
ing effector cell responses in vaginal tissue after na-
sal immunization. Furthermore, using adoptive
transfer model, it was demonstrated that effector
cells generated in CCR5-KO mice could not migrate
into vaginal tissue and were not protective against
lethal HSV-2 virus genital infection. It was further
explored that the production of chemokine ligand
CCL5 in vagina tissue is induced by IFN-y-produc-
ing effector cells which had migrated into vagina
after nasal vaccination. These results indicate that
the CCR5-CCL5 axis is required for the migration
of nasally-primed antigen-specific effector cells
from the nasal mucosa to the vagina.

4. Analysis of miRNA candidates as biomarkers
for prediction and evaluation of mucosal vac-
cination

Yohei Uchida', Rika Nakahashi', Yoshikazu Yuki',
Hiroshi Kiyono"*': 'Division of Mucosal Immunol-
ogy, Institute of Medical Science, The University
of Tokyo “International Research and Develop-
ment Center for Mucosal Vaccine, The Institute of
Medical Science, The University of Tokyo ‘Depart-
ment of Immunology, Graduate School of Medi-
cine, Chiba University

We have been developing a rice based oral vac-
cine system, MucoRice system, as a next generation
of mucosal vaccine. MucoRice-CTB is a vaccine that



27

incorporates a cholera toxin B subunit (CTB) which
does not have toxicity into rice by genetic engineer-
ing technologies. When the MucoRice-CTB is ad-
ministered orally to mice, pigs and macaques, chol-
era toxin-induced diarrhea is inhibited by antigen-
specific secretory IgA with its neutralizing activity.
Recently we reported the first production according
to current Good Manufacturing Practices of the
MucoRice-CTB at an academic institution. Then, we
conducted a doctor-led Phase I clinical trial using
MucoRice-CTB at the Hospital of Institute of Medi-
cal Science, the University of Tokyo since 2015 to
2016. In the Phase I clinical trial, the dose of Muco-
Rice-CTB was performed by 3 cohorts of 1 g (CTB 3
mg), 3 g (CTB 9 mg), 6 g (CTB 18 mg), with a dou-
ble blind test on 20-40 years old healthy adult male
who have no allergic reaction to rice. MucoRice-
CTB was administered every two weeks, four
times, and CTB-specific antibody titer in serum and
feces in each subject was confirmed by ELISA as-
say. In parallel, we proceeded with the search of se-
rum miRNA biomarkers using microarray analysis.
In recent years, several miRNAs have been identi-
fied as biomarkers for disease discrimination. In
this study, we aimed to investigate the miRNA
biomarkers for evaluating the effect of mucosal vac-
cine by identifying serum miRNA that are specifi-
cally induced by administration of MucoRice-CTB.
Moreover, we would like to analyze whether the
responsiveness to MucoRice-CTB is due to the dif-
ference in potentially expressed miRNA leading to
the miRNA biomarkers for predicting susceptibility
to mucosal vaccine.

5. Innate and adaptive immune cells regulate
Paneth cell granule formation and o-defensin
secretion

Mariko Kamioka'?, Yoshiyuki Goto™, Kiminori
Nakamura®, Shintaro Sato*’, Jun Kunisawa®, Yu
Takahashi’, Yosuke Kurashima“’, Steven E.
Domino", Jean-Christophe Renauld”, Tokiyoshi
Ayabe® and Hiroshi Kiyono' *": 'Division of Mu-
cosal Immunology, Department of Microbiology
and Immunology, The Institute of Medical Sci-
ence, The University of Tokyo, *Graduate School
of Medicine and Faculty of Medicine, The Univer-
sity of Tokyo, *International Research and Devel-
opment Center for Mucosal Vaccines, The Insti-
tute of Medical Science, The University of Tokyo,
‘Division of Molecular Immunology, Medical My-
cology Research Center, Chiba University, De-
partment of Cell Biological Science, Graduate
School of Life Science, Faculty of Advanced Life
Science, Hokkaido University, ‘Mucosal Vaccine
Project, BIKEN Innovative Vaccine Research Alli-
ance Laboratories, Research Institute for Micro-
bial Diseases, Osaka University, 'Laboratory of
Vaccine Materials and Laboratory of Gut Envi-

ronmental System, National Institutes of Biomedi-
cal Innovation, Health and Nutrition (NIBIOHN),
'JT Central Pharmaceutical Research Institute,
’Department of Innovative Medicine, Graduate
School of Medicine, Chiba University, “Depart-
ment of Obstetrics and Gynecology, Cellular and
Molecular Biology Program, University of Michi-
gan Medical Center, Ann Arbor, "Ludwig Insti-
tute for Cancer Research and Université
Catholique de Louvain, "Department of Immunol-
ogy, Graduate School of Medicine, Chiba Univer-
sity.

The gastrointestinal tract is constantly exposed to
numerous foreign antigens. Intestinal epithelial cell
layer acts as a first line of defense and is divided
into villi and crypt regions. In the crypts, epithelial
stem cells and Paneth cells are preferentially lo-
cated. Paneth cells release granules containing a va-
riety of antimicrobial peptides as a major part of
the host innate immune system. a-defensin is most
abundant and highly bactericidal peptide specifi-
cally produced by Paneth cells.

It has been known that crypts are surrounded by
immune cells. Type3 innate lymphoid cells located
beneath of crypts preferentially produce Interleukin
22 (IL-22). We found that IL-22 induces the expres-
sion of the glutathione peroxidase gene family and
promotes the differentiation of Paneth cells with
matured granules containing o-defensin. The lack
of IL-22 thus resulted in the decreased amount of
fecal o-defensin. We further found that Ragl-defi-
cient mice which lack both T and B cells had also
reduced amount of fecal a-defensin. In addition,
Ragl-deficient mice had lower expression of Rab-
family gene which are known to regulate granule
secretion. These results indicated that granule re-
lease of Paneth cells is regulated by acquired im-
mune cells via Rab-family gene expression.

Our results indicate that the cell fate and function
of Paneth cells are dually regulated by innate and
adaptive immune cells for the production and se-
cretion of a-defensin in gastrointestinal tract. o-de-
fensin plays a crucial role for the creation and
maintenance of intestinal homeostasis, thus we con-
cluded that the mutual interaction of Paneth cells
and immune cells provide healthy intestinal envi-
ronment.

6. Functional analysis of the tissue-specific
molecule expressed by skin mast cells

Yuta Kogure', Daiki Yamamoto', Sean Nelson',
Sayuri Murasaki', Akie Inami', Takaaki Kigoshi',
Seiichi Matsumura', Yosuke Kurashima'®, and
Hiroshi Kiyono"**: 'Division of Mucosal Immunol-
ogy, Department of Microbiology and Immunol-
ogy, The Institute of Medical Science, The Univer-
sity of Tokyo ’International Research and Devel-
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opment Center for Mucosal Vaccines, The Insti-
tute of Medical Science, The University of Tokyo
‘Department of Innovative Medicine, Graduate
School of Medicine, Chiba University ‘Institute for
Global Prominent Research, Chiba University *De-
partments of Mucosal Immunology and Immunol-
ogy, Graduate School of Medicine, Chiba Univer-
sity.

Mast cells (MCs) are located at the tissues associ-
ated with body surface such as skin and mucosa.
These tissues are continuously exposed to physical
and chemical stimuli leading to the unexpected ac-
tivation of MCs. Once MC activation occurs locally,
various inflammatory mediators are released and
excessive immune reactions such as allergic and in-
flammatory responses are subsequently induced. To
avoid unnecessary activation of MCs and maintain

appropriate immunological homeostasis, there ex-
ists a unique suppressive pathway in MCs, medi-
ated by fibroblasts. In this study, a novel regulatory
pathway mediated by skin fibroblasts via the usage
of a novel molecule X in skin MCs was newly iden-
tified. Molecule X was specifically and highly ex-
pressed by skin MCs (unpublished data). In addi-
tion, in wvitro co-culture of bone marrow-derived
MCs and skin fibroblasts revealed that the expres-
sion of molecule X on MCs was induced by skin fi-
broblasts. Molecule X deficient and WT mice were
subjected to hapten-induced contact dermatitis and
it was demonstrated that deficiency of Molecule X
enhanced ear swelling response and vascular per-
meability in comparison to WT mice. These results
revealed that the skin MCs and fibroblasts form
anti-inflammatory pathway by cell to cell interac-
tion using molecule X.
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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 evasion of CD8" T cell
accumulation contributes to viral encephalitis

Naoto Koyanagi, Takahiko Imai, Keiko Shindo,
Ayuko Sato', Wataru Fujii’, Takeshi Ichinohe’,
Naoki Takemura*, Shigeru Kakuta®, Satoshi Ue-
matsu®’, Hiroshi Kiyono"*’, Yuhei Maruzuru, Jun
Arii, Akihisa Kato, and Yasushi Kawaguchi: 'Divi-
sion of Mucosal Immunology, Department of Mi-
crobiology and Immunology, The Institute of
Medical Science, The University of Tokyo, Tokyo,
Japan *Department of Animal Resource Sciences,
Graduate School of Agricultural and Life Sciences,
The University of Tokyo, Tokyo, Japan *Depart-
ment of Infectious Disease Control, International
Research Center for Infectious Diseases, The Insti-
tute of Medical Science, The University of Tokyo,
Tokyo, Japan ‘International Research and Devel-
opment Center for Mucosal Vaccines, The Insti-
tute of Medical Science, The University of Tokyo,
Tokyo, Japan ‘Department of Mucosal Immunol-
ogy, School of Medicine, Chiba University, Chiba,
Japan ‘Department of Biomedical Science, Gradu-
ate School of Agricultural and Life Sciences, The
University of Tokyo, Tokyo, Japan 'Core Research
for Evolutional Science and Technology, Japan
Science and Technology Agency, Tokyo, Japan

Herpes simplex virus-1 (HSV-1) is the most com-
mon cause of sporadic viral encephalitis, which can
be lethal or result in severe neurological defects
even with antiviral therapy. While HSV-1 causes
encephalitis in spite of HSV-1-specific humoral and
cellular immunity, the mechanism by which HSV-1
evades the immune system in the central nervous
system (CNS) remains unknown. Here we describe
a strategy by which HSV-1 avoids immune target-
ing in the CNS. The HSV-1 UL13 kinase promotes
evasion of HSV-1-specific CD8" T cell accumulation
in infection sites by downregulating expression of
the CD8" T cell attractant chemokine CXCL9 in the
CNS of infected mice, leading to increased HSV-1
mortality due to encephalitis. Direct injection of
CXCL9 into the CNS infection site enhanced HSV-
1-specific CD8" T cell accumulation, leading to
marked improvements in the survival of infected
mice. This previously uncharacterized strategy for
HSV-1 evasion of CD8" T cell accumulation in the
CNS has important implications for understanding
the pathogenesis and clinical treatment of HSV-1
encephalitis.

2. Herpes Simplex Virus 1 UL34 Protein Regu-
lates the Global Architecture of the Endoplas-
mic Reticulum in Infected Cells
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Fumio Maeda, Jun Arii, Yoshitaka Hirohata,
Yuhei Maruzuru, Naoto Koyanagi, Akihisa Kato,
Yasushi Kawaguchi

Upon herpes simplex virus 1 (HSV-1) infection,
the CD98 heavy chain (CD98hc) is redistributed
around the nuclear membrane (NM), where it pro-
motes vi- ral de-envelopment during the nuclear
egress of nucleocapsids. In this study, we at-
tempted to identify the factor(s) involved in
CD98hc accumulation and demon- strated the fol-
lowing: (i) the null mutation of HSV-1 UL34 caused
specific dispersion throughout the cytoplasm of
CD98hc and the HSV-1 de-envelopment regulators,
gly- coproteins B and H (gB and gH); (ii) as ob-
served with CD98hc, gB, and gH, wild-type HSV-1
infection caused redistribution of the endoplasmic
reticulum (ER) markers cal- nexin and ERp57
around the NM, whereas the UL34-null mutation
caused cytoplas- mic dispersion of these markers;
(iii) the ER markers colocalized efficiently with
CD98hc, gB, and gH in the presence and absence of
UL34 in HSV-1-infected cells; (iv) at the ultrastruc-
tural level, wild-type HSV-1 infection caused ER
compression around the NM, whereas the UL34-
null mutation caused cytoplasmic dispersion of the
ER; and (v) the UL34-null mutation significantly
decreased the colocalization effi- ciency of lamin
protein markers of the NM with CD98hc and gB.
Collectively, these results indicate that HSV-1 infec-
tion causes redistribution of the ER around the
NM, with resulting accumulation of ER-associated
CD98hc, gB, and gH around the NM and that UL34
is required for ER redistribution, as well as for effi-
cient recruitment to the NM of the ER-associated
de-envelopment factors. Our study suggests that
HSV-1 induces remodeling of the global ER archi-
tecture for recruitment of regulators medi- ating vi-
ral nuclear egress to the NM.

3. Herpes Simplex Virus 1 Small Capsomere-In-
teracting Protein VP26 Regulates Nucleocap-
sid Maturation.

Ryosuke Kobayashi, Akihisa Kato, Hiroshi
Sagara', Mizuki Watanabe, Yuhei Maruzuru,
Naoto Koyanagi, Jun Arii, Yasushi Kawaguchi:
'Medical Proteomics Laboratory, The Institute of
Medical Science, The University of Tokyo, Tokyo,
Japan

VP26 is a herpes simplex virus 1 (HSV-1) small
capsomere-interacting protein. In this study, we in-
vestigated the function of VP26 in HSV-1-infected
cells with the following results. (i) The VP26 null
mutation significantly impaired incorpo- ration of
minor capsid protein UL25 into nucleocapsids (type
C capsids) in the nu- cleus. (ii) The VP26 mutation
caused improper localization of UL25 in discrete
punc- tate domains containing multiple capsid pro-
teins (e.g., the VP5 major capsid protein) in the nu-
cleus; these domains corresponded to capsid aggre-
gates. (iii) The VP26 mu- tation significantly im-
paired packaging of replicated viral DNA genomes
into capsids but had no effect on viral DNA con-
catemer cleavage. (iv) The VP26 mutation re- duced
the frequency of type C capsids, which contain vi-
ral DNA but not scaffolding proteins, and pro-
duced an accumulation of type A capsids, which
lack both viral DNA and scaffold proteins, and had
no effect on accumulation of type B capsids, which
lack viral DNA but retain cleaved scaffold proteins.
Collectively, these results indicated that VP26 was
required for efficient viral DNA packaging and
proper local- ization of nuclear capsids. The pheno-
type of the VP26 null mutation was similar to that
reported previously of the UL25 null mutation and
of UL25 mutations that pre- clude UL25 binding to
capsids. Thus, VP26 appeared to regulate nu-
cleocapsid matu- ration by promoting incorporation
of UL25 into capsids, which is likely to be re-
quired for proper capsid nuclear localization.
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