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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. Selection of antigenically advanced variants

of seasonal influenza viruses

Li C', Hatta M*, Burke DF’, Ping J', Zhang Y",

Ozawa M® Taft AS', Das SC*, Hanson AP', Song
JY, Imai M, Wilker PR!, Watanabe T, Watanabe
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James SL? Skepner E’, Maher EA', Neumann G',
Klimov Al®, Kelso A”, McCauley J%, Wang D°, Shu
Y®, Odagiri T, Tashiro M*, Xu X°, Wentworth
DE®, Katz JM® Cox NJ°, Smith DJ’, Kawaoka Y:

'Department of Pathobiological Sciences, Influenza
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ment of Zoology, University of Cambridge, UK.
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Animal Distance Center, Joint Faculty of Veteri-
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enza Division, National Center for Immunization
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Influenza viruses mutate frequently, necessitating

constant updates of vaccine viruses. To establish ex-
perimental approaches that may complement the
current vaccine strain selection process, we selected

‘ERATO Infection-Induced Host Responses Pro-
ject, Japan. *World Health Organization Collabo-
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antigenic variants from human HIN1 and H3N2 in-
fluenza virus libraries possessing random muta-
tions in the globular head of the haemagglutinin
protein (which includes the antigenic sites) by incu-
bating them with human and/or ferret convalescent
sera to human HIN1 and H3N2 viruses. We also
selected antigenic escape variants from human vi-
ruses treated with convalescent sera and from mice
that had been previously immunized against hu-
man influenza viruses. Our pilot studies with past
influenza viruses identified escape mutants that
were antigenically similar to variants that emerged
in nature, establishing the feasibility of our ap-
proach. Our studies with contemporary human in-
fluenza viruses identified escape mutants before
they caused an epidemic in 2014-2015. This ap-
proach may aid in the prediction of potential anti-
genic escape variants and the selection of future
vaccine candidates before they become widespread
in nature.

2. The host protein CLUH participates in the
subnuclear transport of influenza virus ribo-
nucleoprotein complexes

Ando T, Yamayoshi S, Tomita Y, Watanabe S,
Watanabe T, Kawaoka Y

The nucleus is highly compartmentalized yet dy-
namic. Subnuclear functions are regulated by con-
trolling the subnuclear localization of the nuclear
proteins. Influenza viral ribonucleoprotein (vRNP)
is replicated in the nucleus and then exported to
the cytoplasm. However, the precise subnuclear lo-
calization and transport of vRNPs remain unclear.
Here, we show that CLUH, a host protein whose
cellular function is not well established, plays a key
role in the subnuclear transport of vRNP. Viral PB2
and M1 induced CLUH translocation to the nucleo-
plasm and SC35-positive speckles, respectively,
even though CLUH is usually cytoplasmic. CLUH
depletion inhibited the translocation of M1 to SC35-
positive speckles, but did not interfere with PB2 lo-
calization to the nucleoplasm and disrupted the
subnuclear transport of vRNP, abolishing vRNP nu-
clear export without affecting viral RNA or protein
expression. Our findings suggest that CLUH plays
a role in the subnuclear transport of progeny
vRINP.

3. Development of high-yield influenza B virus
vaccine viruses

Ping J%, Lopes TJ, Neumann G*, Kawaoka Y

The burden of human infections with influenza A
and B viruses is substantial, and the impact of in-
fluenza B virus infections can exceed that of influ-
enza A virus infections in some seasons. Over the

past few decades, viruses of two influenza B virus
lineages (Victoria and Yamagata) have circulated in
humans, and both lineages are now represented in
influenza vaccines, as recommended by the World
Health Organization. Influenza B virus vaccines for
humans have been available for more than half a
century, yet no systematic efforts have been under-
taken to develop high-yield candidates. Therefore,
we screened virus libraries possessing random mu-
tations in the six "internal" influenza B viral RNA
segments [i.e., those not encoding the major viral
antigens, hemagglutinin (HA) and neuraminidase
NA]] for mutants that confer efficient replication.
Candidate viruses that supported high yield in cell
culture were tested with the HA and NA genes of
eight different viruses of the Victoria and Yamagata
lineages. We identified combinations of mutations
that increased the titers of candidate vaccine vi-
ruses in mammalian cells used for human influenza
vaccine virus propagation and in embryonated
chicken eggs, the most common propagation sys-
tem for influenza viruses. These influenza B virus
vaccine backbones can be used for improved vac-
cine virus production.

4. Complete and Incomplete Genome Packaging
of Influenza A and B Viruses

Nakatsu S, Sagara H", Sakai-Tagawa Y, Sugaya
N Noda T, Kawaoka Y: "Medical Proteomics
Laboratory, Institute of Medical Science, Univer-
sity of Tokyo, Japan. “Department of Pediatrics,
Keiyu Hospital, Japan.

The genomes of influenza A and B viruses com-
prise eight segmented, single-stranded, negative-
sense viral RNAs (VRNAs). Although segmentation
of the virus genome complicates the packaging of
infectious progeny into virions, it provides an evo-
lutionary benefit in that it allows viruses to ex-
change vRNAs with other strains. Influenza A vi-
ruses are believed to package their eight different
vRNAs in a specific manner. However, several
studies have shown that many viruses are noninfec-
tious and fail to package at least one VRNA. There-
fore, the genome-packaging mechanism is not fully
understood. In this study, we used electron micros-
copy to count the number of ribonucleoproteins
(RNPs) inside the virions of different influenza A
and B virus strains. All eight strains examined dis-
played eight RNPs arranged in a "7+1" configura-
tion in which a central RNP was surrounded by
seven RNPs. Three-dimensional analysis of the viri-
ons showed that at least 80% of the virions pack-
aged all eight RNPs; however, some virions pack-
aged only five to seven RNPs, with the exact pro-
portion depending on the strain examined. These
results directly demonstrate that most viruses pack-
age eight RNPs, but some do indeed package
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fewer. Our findings support the selective genome-
packaging model and demonstrate the variability in
the number of RNPs incorporated by virions, sug-
gesting that the genome-packaging mechanism of
influenza viruses is more flexible than previously
thought.

5. Microminipigs as an animal model for influ-
enza A virus infection

Iwatsuki-Horimoto K, Nakajima N*, Shibata M*,
Takahashi K®, Sato Y®, Kiso M, Yamayoshi S, Ito
M, Enya S" Otake M*, Kangawa A", Lopes T,
Ito H®, Hasegawa H®, Kawaoka Y: “Department
of Pathology, National Institute of Infectious Dis
eases, Japan. “Swine and Poultry Research Cen-
ter, Shizuoka Prefectural Research Institute of
Animal Industry, Japan. ®Ito business planning,
Japan.

Pigs are considered a mixing vessel for the gen-
eration of novel pandemic influenza A viruses
through reassortment because of their susceptibility

to both avian and human influenza viruses. How-
ever, experiments to understand reassortment in
pigs in detail have been limited because experi-
ments with regular-sized pigs are difficult to do.
Miniature pigs have been used as an experimental
animal model, but, they are still large and require
relatively large cages for housing. The mi-
crominipig is one of the smallest miniature pigs
used for experiments. Introduced in 2010, mi-
crominipigs weight around 10kg at an early stage
of maturity (6- to 7-months old), and are easy to
handling. To evaluate the microminipig as an ani-
mal model for influenza A virus infection, we com-
pared the receptor distribution of ten-week-old
male pigs (Yorkshire Large White) and mi-
crominipigs. We found that both animals have SAa
2,3Gal and SAc02,6Gal in their respiratory tract,
with similar distribution of both receptor types. We
further found that the sensitivity of microminipigs
to influenza A viruses was the same as that of
larger miniature pigs. Our findings indicate that the
microminipig could serve as a novel model animal
for influenza A virus infection.
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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 found recently a candidate for endogenous
ligand. Our research focuses on regulatory mechanisms controlling pathogenic

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 (TLRY9) 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.
The mAb inhibited TLR9-dependent cytokine pro-
duction in vitro by bone marrow-derived macro-
phages and conventional dendritic cells. Further-

more, NaR9 treatment rescued mice from fulminant
hepatitis caused by administering the TLR9 ligand
CpGB and D-(+)-galactosamine. The production of
proinflammatory cytokines induced by CpGB and
D-(+)-galactosamine was significantly impaired by
the mAb. These results suggest that a mAb is a
promising tool for therapeutic intervention in TLR
9-dependent inflammatory diseases.

2. 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
Miyake"?: '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

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-
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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 Il17a”"~ 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.

3. 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
Shibata'!, Katsuaki Sato®, Takeshi Ichinohe*,
Mayumi Hayashi®, Kazuishi Kubota®, Yorifumi
Kikko?, Toshiaki Katada’?, Kenji Kontani*® and
Kensuke Miyake': 'Division of Innate Immunity,
Department of Microbiology and Immunology,
The Institute of Medical Science, The University of
Tokyo. *Department of Physiological Chemistry,
Graduate School of Pharmaceutical Sciences, The
University of Tokyo. *Division of Immunology, De-
partment of Infectious Diseases, Faculty of Medi-
cine, University of Miyazaki. ‘Division of Viral In-
fection, Department of Infectious Disease Control,
International Research Center for Infectious Dis-
eases, Institute of Medical Science, The University
of Tokyo. °Discovery Science and Technology De-
partment, Daiichi Sankyo RD Novare Co., Ltd.
*Department of Biochemistry, Meiji Pharmaceuti-
cal 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 IxB
kinase o and mTORCI. Liganded TLR7 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.

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, TOKYO 1208-
8639, Japan.

Toll-like receptor 7 (TLR7) and TLRS8 are consid-
ered to recognize single-strand RNA (ssRNA) from
viruses in endolysosomes and induce antiviral im-
mune response. In addition, these receptors re-
spond to synthetic small molecules, such as R848
and CL075. However, it remains unclear how those
two different types of ligands can activate both
TLR7 and TLRS8. In the crystal structure of human
TLR8 (huTLR8) complexed with ssRNA, there were
two ligand-binding sites; the first site, a binding
site for R848, bound a uridine and the second site
bound an oligoribonucleotide (ORN). In reporter
assay using HEK293T cells, uridine and ORNs syn-
ergistically activated huTLRS, suggesting that
huTLR8 recognizes degradation products of ssRNA.
We also show that TLR7 recognizes guanosine (G)
in the presence of ORN. G and ORN synergistically
activated TLR7 in plasmacytoid DCs and induced
IFN-a production. By isothermal titration calorime-
try experiment, specific binding of G to TLR7/ORN
complex was detected and the affinity of G to
TLR7/ORN complex was determined to be Kd=1.5
uM. These results strongly suggest that TLR7 also
recognizes degradation products of ssRNA, gua-
nosine and ORN, but not ssRNA itself. In conclu-
sion, endolysosomal nucleosides play a decisive
role in TLR7 and TLRS activation by ssRNA.
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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. Phase | Clinical Trial of MucoRice-CTB, a
Rice-Based Oral Vaccine

Koji Kashima'?, Yoshikazu Yuki**, Mio Mejima*,
Shiho Kurokawa™, Yuji Suzuki*’, Satomi Mina-
kawa, Natsumi Takeyama"®, Yoshiko Fukuyama’,
Tatsuhiko Azegami', Rika Nakahashi', Yohei
Uchida', Takeshi Tanimoto’, Masaharu Kuroda’,
Minoru Tamura?®, Yasuyuki Gomi‘, Hiroshi Kiyo-
no™*": 'Division of Mucosal Immunology, The Insti-
tute of Medical Science, The University of Tokyo
’Engineering Headquarters, Asahi Kogyosha, Co.
Ltd. ’International Research and Development
Center for Mucosal Vaccine, The Institute of
Medical Science, The University of Tokyo ‘Seto
Center, Kanonji Institute, The Research Founda-
tion for Microbial Diseases of Osaka University
*Research Department, Nippon Institute for Bio-
logical Science °Crop development Division, NARO
Agriculture Research Center 'Department of Im-
munology, Graduate School of Medicine, Chiba
University.

Despite our knowledge of their advantages,
plant-based vaccines remain unavailable for human
use in both developing and industrialized coun-

tries. A leading, practical obstacle to their wide-
spread use is producing plant-based vaccines that
meet governmental regulatory requirements. Here
we report the first production according to current
Good Manufacturing Practices of a rice-based vac-
cine, the cholera vaccine MucoRice-CTB, at an aca-
demic institution. We conducted a doctor-led Phase
I clinical trial using MucoRice-CTB at the Hospital
of Institute of Medical Science, the University of
Tokyo since 2015 to 2016.

The main endpoint was to confirm the safety and
tolerability to the human, and the immunogenicity
was also evaluated as a secondary endpoint. In a
double-blind clinical trial with placebo-controlled
study drug, a trial cohort study group was set up,
and 10 real drugs and 10 placebo were adminis-
trated in each group. 1 g, 3 g, or 6 g of MucoRice-
CTB formulated and pulverized was administered.
Safety to the human body which is the main end-
point was confirmed by the safety evaluation com-
mittee.

We are currently searching miRNA as biomarkers
in serum that may correlate with mucosal IgA im-
mune responses in humans vaccinated with Muco-
Rice-CTB. We are also investigating the antigen
specific antibodies with neutralizing activity in se-
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rum and stool samples collected from the subjects
and metagenome analysis using the stools. From
now on, it is expected that new knowledge on the
relationship between intestinal bacterial flora and
immunity can be obtained along with the develop-
ment of a plant-based oral vaccine.

2. Development of Nanogel-based Nasal Vacci-
nation System against S. Pneumoniae

Rika Nakahashi', Yohei Uchida', Mio Mejima',
Hiroshi Kiyono™*, Robert Kneller’, Yoshikazu
Yuki': *Division of Mucosal Immunology, Institute
of Medical Science, The University of Tokyo *In-
ternational Research and Development Center for
Mucosal Vaccine, The Institute of Medical Science,
The University of Tokyo *Department of Immunol-
ogy, Graduate School of Medicine, Chiba Univer-
sity ‘Research Center for Advanced Science and
Technology, The University of Tokyo.

Streptococcus pneumoniae cause bacterial pneumo-
nia deaths in the worldwide and its victim is pri-
marily young children and elderly adults. Although
there are several types of vaccines comprising sev-
eral pneumococcal surface polysaccharides, they
cannot cover the broad protections. Recently we es-
tablished the nanogel-based vaccine against S. pneu-
monide using recombinant protein of pneumococcal
surface protein A (PspA) which is well-known as a
highly immunogenicity. We chose a couple of PspA
proteins including alpha helical regions and
proline-rich domains. To examine the PspA-specific
immune responses, mice were nasally administered
with PspA-nanogel, and then PspA-specific serum
IgG antibodies were measured and compared with
s.c. injection of PspA precipitated in alum. Nasal
administration was performed three times with 1-
week interval and then mice were boosted with
same antigens in 6-7 weeks after the final immuni-
zation. PspA-specific IgG antibodies were appeared
around 1-2 weeks after the final immunization of
each PspA proteins and levels were comparable to
those in systemic immunization. Memory responses
after boosting were also equivalent in both immuni-
zation methods. To assess the protective immunity,
we investigated the efficacy of the vaccination in
murine pneumococcal airway infections by five
strains of the different clades of S. pneumoniae. To
perform this, mice were divided into two groups,
nasal administration of PspA-nanogel and systemi-
cally immunization of PspA in alum. When the
PspA antigens were combined and immunized in
mice, specific antibodies against all antigens were
induced. Finally intranasal vaccination with PspA
provided protections against lethal challenges with
each S. pneumoniae strain as much as systemic vac-
cination. Thus, our findings illustrate the nasally
administered PspA-nanogel effectively elicit a pro-

tective immunity and provide a new approach of
the mucosal vaccine system.

3. The Development of Nasal Anti-obesity Vac-
cine

Tatsuhiko Azegami'*®, Yoshikazu Yuki'’, Shin-ichi
Sawada*®, Mio Mejima', Kazuya Ishige®, Kazunari
Akiyoshi*®, Hiroshi Itoh®, Hiroshi Kiyono'*”: ‘Divi-
sion of Mucosal Immunology, Department of Mi-
crobiology and Immunology, The Institute of
Medical Science, The University of Tokyo ’Inter-
national Research and Development Center for
Mucosal Vaccines, The Institute of Medical Sci-
ence, The University of Tokyo *Department of In-
ternal Medicine, School of Medicine, Keio Univer-
sity ‘Department of Polymer Chemistry, Graduate
School of Engineering, Kyoto University *Japan
Science and Technology Agency (JST), The Ex-
ploratory Research for Advanced Technology
(ERATO) °Biochemicals Division, Yamasa Corpo-
ration 'Department of Immunology, Graduate
School of Medicine, Chiba University.

Obesity is associated with multiple comorbidities
such as cardiovascular diseases and has a huge eco-
nomic impact on the healthcare system. However,
the treatment of obesity remains insufficient in
terms of efficacy, tolerability, and safety. We aimed
to develop a new vaccine against obesity because
vaccination provides advantages in terms of low
frequency of administration and prolonged thera-
peutic effect. To avoid the injectable administration-
caused pain and skin-related adverse event, we
chose the intranasal route of antigen-delivery. We
developed a vaccine-antigen (ghrelin-PspA), which
is a recombinant fusion protein incorporating ghre-
lin, a hormone that stimulates food intake and de-
creases energy expenditure, and pneumococcal sur-
face protein A (PspA), a candidate of pneumococcal
vaccine as a carrier protein. The ghrelin-PspA anti-
gen was mixed with cyclic di-GMP adjuvant to en-
hance the immunogenicity and incorporated within
a nanometer-sized hydrogel for the effective anti-
gen-delivery. Intranasal immunization with the
ghrelin-PspA vaccine elicited serum IgG antibodies
against ghrelin and attenuated body-weight gain in
diet-induced obesity mice. This obesity-attenuating
effect was caused by a decrease in fat accumulation
and an increase in energy expenditure that was
partially due to an increase in the expression of mi-
tochondrial uncoupling protein 1 in brown adipose
tissue. The development of this nasal vaccine pro-
vides a new strategy for the prevention and treat-
ment of obesity.

4. Mucosal cytokine and chemokine regulation
by nasal vaccination
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Sunyi Joo™, Yoshiko Fukuyama', Eun Jeong
Park®, Yoshikazu Yuki', Yosuke Kurashima'?,
Rika Nakahashi', Steven F Ziegler' and Hiroshi
Kiyono'****: *Division of Mucosal Immunology,
The Institute of Medical Science, The University of
Tokyo *Graduate School of Medicine, The Univer-
sity of Tokyo *Department of Molecular Pathobiol-
ogy and Cell Adhesion Biology, Mie University
Graduate School of Medicine ‘lmmunology Pro-
gram, Benaroya Research Institute *International
Research and Development Center for Mucosal
Vaccines, The Institute of Medical Science, The
University of Tokyo °*Department of Immunology,
Graduate School of Medicine, Chiba University.

Mucosal vaccines, especially nasal vaccination, is
currently recognized as a promising strategy for the
induction of both systemic and mucosal immunity
contributing the prevention of infectious disease. In
addition to the remarkable ability of mucosal vacci-
nations to elicit mucosal immune responses over
systemic vaccination, nasal vaccination can effec-
tively induce antigen-specific immune responses in
both respiratory and vaginal mucosal tissues. To es-
tablish fundamental platform and achieve better ap-
proaches for developing nasal vaccines, we should
understand the molecular and cellular mechanisms
underlying the induction of antigen-specific immu-
nity in mucosal surfaces including airway and re-
productive tissues following nasal immunization
and its associated crosstalk between different mu-
cosal surfaces (e.g., nasal and reproductive mu-
cosa). This research is concerned with specific mu-
cosal cytokine and chemokine signaling pathway
after nasal vaccination and their effects on antigen-
specific antibody responses. In order to address
these objectives, firstly a new immunological role of
TSLP (thymic stromal lymphopoietin), an epithelial
cytokine, following nasal immunization was inves-
tigated. Using pneumococcal surface protein A
(PspA) plus cholera toxin (CT) nasal immunization
model and TSLPR-KO mice, we found that TSLP-
TSLPR signaling cascade is critical for the induction
of pneumococcal vaccine antigen-specific IgA re-
sponse, but not IgG responses, following nasal im-
munization. After nasal immunization with PspA
plus CT, TSLP expression is enhanced in mucosal
tissue. It is further demonstrated that mucosal den-
dritic cells (DCs), but not peripheral DCs, are re-
sponsive to TSLP for the induction of IgA produc-
tion in an IL-6 dependent manner. We anticipate
that this investigation on mucosal cytokine /
chemokine regulation by nasal immunization could
provide a better understanding of unknown mo-
lecular mechanism in mucosal immunity. This
study highlights the importance of new strategies
that activate the specific imprinting and homing
pathway for the design of intranasal vaccines
against pathogenic respiratory and sexually trans-

mitted diseases.

5. Critical role of Bacteria-type 3 innate lym-
phoid cells (ILC3)-IL-22 axis for the induction
and regulation of Paneth cells

Mariko Kamioka', Yoshiyuki Goto*®’, Jun Kuni-
sawa”*, Aayam Lamichhane*’, Shintaro Sato*,
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-
opment Center for Mucosal Vaccines, The Insti-
tute of Medical Science, The University of Tokyo
’CREST, JST. ‘Laboratory of Vaccine Materials,
National Institute of Biomedical Innovation,
Health and Nutrition *Department of Immunology,
Graduate School of Medicine, Chiba University.

Intestinal epithelial cells (IECs) have a(1,2)fuco-
sylation which is one of glycosylation pattern for
the creation of cohabitation and protective niches.
Our previous research showed that a(1,2)fucosyla-
tion of Peyer's patch M cells and columnar ECs was
distinctly regulated by two forms of a(1,2)fucosyl-
transferase: Futl and Fut2, respectively. Paneth cells
are subsets of IECs locating at the crypt parts of in-
testinal villi, where they secrete antimicrobials. We
revealed that Paneth cells possess o(1,2)fucose regu-
lated by Futl and Fut2. Analysis of a(1,2)fucose of
Paneth cells revealed that there are two types of
Paneth cells; Fut2”™ and Fut2™ Paneth cells. We also
showed that Fut2" Paneth cells are maintained un-
der Bacteria-ILC3s-IL-22 axis. Moreover, the expres-
sion of Reg-III family, which is a pivotal player of
the immunosurveillance in the intestine, is associ-
ated with Fut2 expression of Paneth cells. Taken to-
gether, our findings suggest that Bacteria-ILC3s-IL-
22 axis plays critical roles for induction and regula-
tion of Fut2- and Reg-Ill-positive Paneth cells. Our
current study is aiming for the molecular and cellu-
lar understanding of the Bacteria-ILC3s-IL-22 axis
dependent Paneth cells for their contributions in the
creation of healthy intestinal environments.

6. Epithelial fucosylation in the upper airway re-
gions

Ryoji Kagoya', Yoshiyuki Goto*®, Shintaro Yoshi-
hara', Hiroshi Kiyono'**: 'Division of Mucosal
Immunology, Department of Microbiology and Im-
munology, The Institute of Medical Science, The
University of Tokyo *Division of Mucosal symbio-
sis, International Research and Development Cen-
ter for Mucosal Vaccine, Institute for Medical Sci-
ence, The University of Tokyo °Division of Molecu-
lar Immunology, Medical Mycology Research Cen-
ter, Chiba University ‘International Research and
Development Center for Mucosal Vaccine, The In-
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stitute of Medical Science, The University of To-
kyo °CREST, JST °Department of Immunology,
Graduate School of Medicine, Chiba University.

Fucosylated carbohydrates are expressed on in-
testinal epithelial cells. They are involved in the
creation of an environmental niche for commensal
bacteria. Fucosyltransferase 2 (Fut2) is a key en-
zyme regulating intestinal epithelial o(1,2)-fucosyla-
tion. Although polymorphism of the FUT2 gene is
reported to be associated with various diseases, its
role in the upper airway region is still unknown. In
current study, we examined a(1,2)-fucosylation in
the nasal passage and salivary gland of mice. Fuco-
sylated nasal epithelial cells and salivary gland cells
were observed in wild type mice, while those were
not found in Fut2 deficient mice. In these regions, a
(1,2)-fucosylation was Fut2-dependent. Next we
evaluated the extent of a(1,2)-fucosylation in IL-10-
deficient mice, the model of spontaneous enterocoli-
tis. Interestingly, a(1,2)-fucosylation in the nasal
passage and salivary gland was increased in the IL-
10-deficient mice, compared to those in the wild
type mice. From these results, we propose that the
existence of enterocolitis may have some impact on
the fucosylation of extraintestinal regions.

7. Allograft inflammatory factor 1 is a regulator

of transcytosis in M cells

Sari Kishikawa"?, Shintaro Sato****°, Satoshi
Kaneto', Shigeo Uchino’, Shinichi Kohsaka’, Seiji
Nakamura’, Hiroshi Kiyono"***: ‘Division of Mu-
cosal Immunology, The Institute of Medical Sci-
ence, The University of Tokyo °Section of Oral
and Maxillofacial Oncology, Division of Maxillofa-
cial Diagnostic and Surgical Sciences, Faculty of
Dental Science, Kyushu University *Research and
Development Center for Mucosal Vaccines, The
Institute of Medical Science, The University of To-
kyo “‘Core Research for Evolutional Science and
Technology, Japan Science and Technology Agency
*Mucosal Vaccine Project, BIKEN Innovative Vac-
cine Research Alliance Laboratories, Research In-
stitute for Microbial Diseases, Osaka University
*Mucosal Vaccine Project, BIKEN Center for In-
novative Vaccine Research and Development, The
Research Foundation for Microbial Diseases of
Osaka University 'Department of Neurochemistry,
National Institute of Neuroscience *Department of
Immunology, Graduate School of Medicine, Chiba
University.

Microfold (M) cells in follicle-associated epithe-
lium (FAE) are specialised antigen-sampling cells
that take up intestinal luminal antigens. Transcrip-
tion factor Spi-B regulates M-cell maturation, but
the molecules that promote transcytosis within M
cells are not fully identified. Here, we show that

mouse allograft inflammatory factor 1 (Aifl) is ex-
pressed by M cells and contributes to M-cell tran-
scytosis. FAE in Aifl '~ mice shows suppressed up-
take of particles and commensal bacteria compared
with that in wild-type mice. Translocation of
Yersinia enterocolitica, but not of Salmonella enterica
serovar Typhimurium, leading to the generation of
antigen-specific IgA antibodies, is also diminished
in Aifl-deficient mice. Although B1 integrin, which
acts as a receptor for Y. enterocolitica via invasin
protein, is expressed on the apical surface mem-
branes of M cells, its active form is rarely found in
Aifl ™" mice. These findings show that Aifl is im-
portant for bacterial and particle transcytosis in M
cells.

8. Functional analysis of the tissue-specific
molecules expressed in tissue mast cells

Yuta Kogure!, Daiki Yamamoto', Sean Nelson',
Takaaki Kigoshi', Seiichi Matsumura’, Yosuke
Kurashima'~®, and 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
Vaccines, The Institute of Medical Science, The
University of Tokyo *Department of Innovative
Medicine, Graduate School of Medicine, Chiba
University ‘Institute for Global Prominent Re-
search, Chiba University *Departments of Mucosal
Immunology and Immunology, Graduate School of
Medicine, Chiba University.

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 medi-
ated by skin fibroblasts via the usage of a novel
molecule X in skin MCs was newly identified.
Molecule X was specifically and highly expressed
by skin MCs (unpublished data). In addition, in vi-
tro co-culture of bone marrow-derived MCs and
skin fibroblasts that the expression of molecule X
on MCs was induced by skin fibroblasts. 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 neutrophil infiltration in comparison
to WT mice. These results revealed that the skin
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MCs and fibroblasts form anti-inflammatory path-
way by cell to cell interaction using molecule X.

9. Generation of oral therapeutic murine model
for food allergy for analyzed underlying
mechanisms of immune tolerance

Yoshihiro Takasato', Yosuke Kurashima'®, Daiki
Yamamoto', Yuta Kogure', Seiichi Matsumura’,
Sean Nelson', Takaaki Kigoshi’, and Hiroshi
Kiyono"**: 'Division of Mucosal Immunology, De-
partment of Microbiology and Immunology, The
Institute of Medical Science, The University of To-
kyo ’International Research and Development
Center for Mucosal Vaccines, The Institute of
Medical Science, The University of Tokyo °*Depart-
ment of Innovative Medicine, Graduate School of
Medicine, Chiba University ‘Institute for Global
Prominent Research, Chiba University *Depart-
ment of Mucosal Immunology and Immunology,
Graduate School of Medicine, Chiba University

Food allergy is estimated to affect about 5% of
children and adults, and can occasionally lead to
life-threatening reactions in affected patients. Upon
contact with allergen, food allergies frequently lead
to gastrointestinal symptoms, including diarrhea,
vomiting, and abdominal pain in infants and chil-
dren. To cure the food allergy, allergen inoculation
from oral route to the patients called oral immuno-
therapy, OIT, is potentially effective and a newly
developed therapy; however, most patients experi-
ence allergic reactions during the therapy due to
the lack of basic understandings of immunological
events at intestinal mucosa. In this study, we ana-
lyzed OIT murine model and successfully gener-
ated a therapeutic model for allergic diarrhea. We
further investigated the effects of OIT in the mu-
cosal compartment and found OIT effectively sup-
pressed degranulation of local mast cells. In addi-
tion, local increase of regulatory T cells was found.
We are now working on effectively modifying the
OIT protocol as well as uncovering the immu-
nological events of induction of tolerance in OIT.

10. Lymphoid tissue-resident Alcaligenes LPS
induces IgA production without excessive
inflammatory responses via weak TLR4 ago-
nist activity

Naoko Shibata*?, Jun Kunisawa"****, Yukari Fuji-
moto™, Keisuke Mizote®, Naohiro Kitayama®, Atsushi
Shimoyama®, Hitomi Mimuro’, Shintaro Sato***,

Koji Hosomi*, Natsuko Kishishita®, Ken J. Ishii®*,
Koichi Fukase®, and Hiroshi Kiyono"**"*: *Divi-
sion of Mucosal Immunology, Department of Mi-
crobiology and Immunology, The Institute of
Medical Science, The University of Tokyo AMED-
Core Research for Evolutional Science and Tech-
nology, Japan Science and Technology Agency °In-
ternational Research and Development Center for
Mucosal Vaccines, The Institute of Medical Sci-
ence, The University of Tokyo ‘Laboratory of Vac-
cine Materials, National Institutes of Biomedical
Innovation, Health and Nutrition (NIBIOHN) °De-
partment of Chemistry, Faculty of Science and
Technology, Keio University *Department of Chem-
istry, Graduate School of Science, Osaka Univer-
sity ‘Department of Infectious Disease Control, In-
ternational Research Center for Infectious Disease,
The Institute of Medical Science, The University of
Tokyo *Mucosal Vaccine Project, BIKEN Innova-
tive Vaccine Research Alliance Laboratories,
Osaka University °‘Laboratory of Adjuvant Inno-
vation, National Institutes of Biomedical Innova-
tion, Health and Nutrition (NIBIOHN) “Labora-
tory of Vaccine Science, WPI Immunology Fron-
tier Research Center (IFReC), Osaka University
“Department of Immunology, Graduate School of
Medicine, Chiba University.

Alcaligenes are opportunistic commensal bacteria
that reside in gut-associated lymphoid tissues such
as Peyer's patches; however, how they create and
maintain their homeostatic environment, without
inducing an excessive inflammatory response re-
mained unclear. We show here that Alcaligenes-de-
rived lipopolysaccharide (Alcaligenes LPS) acts as a
weak agonist of toll-like receptor 4 and promotes
IL-6 production from dendritic cells, which conse-
quently enhances IgA production. The inflamma-
tory activity of Alcaligenes LPS was weaker than
that of E. coli-derived LPS and therefore no exces-
sive inflammation was induced by Alcaligenes LPS
in vitro or in vivo. These features create commensal
bacteria-mediated homeostatic inflammatory condi-
tions within Peyer's patches that produce optimal
IgA induction without causing pathogenic inflam-
mation. In addition, the weak activity of Alcaligenes
LPS as a TLR4 agonist raises the possibility of its
use as an adjuvant. We are doing additional study
of Alcaligenes LPS-mediated signaling, such as its
role in T cell differentiation and capacity to induce
antigen-specific IgA in vivo, which can result in the
development of a safe and effective adjuvant.
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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. Multiple Roles of the Cytoplasmic Domain of
Herpes Simplex Virus 1 Envelope Glycopro-
tein D in Infected Cells

Jun Arii, Keiko Shindo, Naoto Koyanagi, Akihisa
Kato and Yasushi Kawaguchi

Herpes simplex virus 1 (HSV-1) envelope gly-
coprotein D (gD) plays an essential role in viral en-
try. The functional regions of gD responsible for vi-
ral entry have been mapped to its extracellular do-
main, whereas the gD cytoplasmic domain plays no
obvious role in viral entry. Thus far, the role(s) of
the gD cytoplasmic domain in HSV-1 replication re-
mained to be elucidated. In this study, we showed
that ectopic expression of gD induced microvilli-
like tubular structures at the plasma membrane,
which resembled the reported projection structures
of the plasma membrane induced in HSV-1-infected
cells. Mutations in the arginine cluster (residues 365
to 367) in the gD cytoplasmic domain greatly re-
duced gD-induced plasma membrane remodeling.
In agreement with this, the mutations in the ar-
ginine cluster in the gD cytoplasmic domain re-
duced the number of microvilli-like tubular struc-
tures at the plasma membrane in HSV-1-infected
cells. In addition, the mutations produced an accu-

mulation of unenveloped nucleocapsids in the cyto-
plasm, and reduced viral replication and cell-cell
spread. These results suggested that the arginine
cluster in the gD cytoplasmic domain was required
for the efficient induction of plasma membrane pro-
jections and viral final envelopment, and these
functions of the gD domain may lead to efficient vi-
ral replication and cell-cell spread.

2. The Interaction between Herpes Simplex Vi-
rus 1 Tegument Proteins UL51 and UL14 and
Its Role in Virion Morphogenesis

Shinya Oda, Jun Arii, Naoto Koyanagi, Akihisa
Kato and Yasushi Kawaguchi

To investigate the molecular mechanism(s) by
which herpes simplex virus 1 (HSV-1) tegument
protein UL51 promotes viral replication, we screened
for viral proteins that interact with UL51 in infected
cells. Affinity purification of tagged UL51 in HSV-
1-infected Vero cells was coupled with immunoblot-
ting of the purified UL51 complexes with various
antibodies to HSV-1 virion proteins. Subsequent
analyses revealed that UL51 interacted with another
tegument protein, UL14, in infected cells. Muta-
tional analyses of UL51 showed that UL51 amino
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acid residues Leu-111, Ile-119, and Tyr-123 were re-
quired for interaction with UL14 in HSV-1-infected
cells. Alanine substitutions of these UL51 amino
acid residues reduced viral replication and pro-
duced an accumulation of unenveloped and par-
tially enveloped nucleocapsids in the cytoplasm at
levels comparable to those of UL51-null, UL14-null,
and UL51/UL14 double-null mutations. In addition,
although UL51 and UL14 colocalized at juxtanu-
clear domains in HSV-1-infected cells, the amino
acid substitutions in UL51 produced aberrant local-
ization of UL51 and UL14. The effects of these sub-
stitutions on localization of UL51 and UL14 were
similar to those of the UL51-null and UL14-null
mutations on localization of UL14 and UL51, re-
spectively. These results suggested that the interac-
tion between UL51 and UL14 was required for
proper localization of these viral proteins in in-
fected cells and that the UL51-UL14 complex regu-
lated final viral envelopment for efficient viral rep-
lication.

3. p53 is a Host Cell Regulator during Herpes
Simplex Encephalitis

Yuhei Maruzuru, Naoto Koyanagi, Naoki Take-
mura*?, Satoshi Uematsu®’, Daisuke Matsubara®,
Yutaka Suzuki®, Jun Arii, Akihisa Kato and
Yasushi Kawaguchi: ‘International Research and
Development Centre for Mucosal Vaccine, Insti-
tute for Medical Science, The University of Tokyo,
Tokyo, Japan °Department of Mucosal Immunol-
ogy, School of Medicine, Chiba University, Chiba
260-8670, Japan *Molecular Pathology Laboratory,
Institute of Medical Science, University of Tokyo,
Tokyo, Japan ‘Department of Integrative Pathol-
ogy, Jichi Medical University, Tochigi, Japan °De-
partment of Computational Biology and Medical
Sciences, Graduate School of Frontier Sciences,
The University of Tokyo, Kashiwa 277-8568, Ja-
pan

p53 is a critical host cell factor in the cellular re-
sponse to a broad range of stress factors. We re-
cently reported that p53 is required for efficient
herpes simplex virus 1 (HSV-1) replication in cell
culture. However, a defined role for p53 in HSV-1
replication and pathogenesis in vivo remains elu-
sive. In this study, we examined the effects of p53
on HSV-1 infection in vivo using p53-deficient
mice. Following intracranial inoculation, p53 knock-
out reduced viral replication in the brains of mice
and led to significantly reduced HSV-1 mortality
due to encephalitis. These results suggest that p53
is an important host cell regulator for HSV-1 repli-
cation and pathogenesis in the central nervous sys-
tem (CNS).

4. Roles of Us8A and its Phosphorylation Medi-
ated by Us3 in Herpes Simplex Virus 1 Patho-
genesis

Akihisa Kato, Tomoko Ando, Shinya Oda, Mizuki
Watanabe, Naoto Koyanagi, Jun Arii and Yasushi
Kawaguchi

The herpes simplex virus 1 (HSV-1) Us8A gene
overlaps the gene that encodes for glycoprotein E
(gE). Previous studies have investigated the roles of
Us8A in HSV-1 infection using null-mutations in
Us8A and gE; therefore, the role of Us8A remains
to be elucidated. In this study, we investigated the
function of Us8A and its phosphorylation at serine
61 (Ser-61), which we recently identified as a phos-
phorylation site by mass spectrometry-based phos-
phoproteomic analysis of HSV-1-infected cells, in
HSV-1 pathogenesis. We observed that (i) the phos-
phorylation of Us8A Ser-61 in infected cells was de-
pendent on the activity of the virally encoded Us3
protein kinase; (ii) the Us8A null mutant virus ex-
hibited a 10-fold increase in the 50% lethal dose for
virulence in the central nervous system (CNS) of
mice following intracranial infection compared with
a repaired virus; (iii) replacement of Ser-61 with
alanine (S61A) in Us8A had little effect on virulence
in the CNS of mice following intracranial infection,
whereas it significantly reduced the mortality of
mice following ocular infection to levels similar to
the Us8A null mutant virus; (iv) the Us8A S61A
mutation also significantly reduced viral yields in
mice following ocular infection, mainly in the
trigeminal ganglia and brains; and (v) a phos-
phomimetic mutation at Us8A Ser-61 restored wild-
type viral yields and virulence. Collectively, these
results indicate that Us8A is a novel HSV-1 viru-
lence factor and suggest that the Us3-mediated
phosphorylation of Us8A Ser-61 regulates Us8A
function for viral invasion into the CNS from pe-
ripheral sites.

5. Characterization of a herpes simplex virus 1
(HSV-1) chimera in which the Us3 protein
kinase gene is replaced with the HSV-2 Us3
gene

Keiko Shindo, Akihisa Kato, Naoto Koyanagi,
Hiroshi Sagara’, Jun Arii and Yasushi Kawaguchi:
‘Medical Proteomics Laboratory, The Institute of
Medical Science, The University of Tokyo, Minato-
ku, Tokyo 108-8639, Japan

Us3 protein kinases encoded by herpes simplex
virus 1 (HSV-1) and 2 (HSV-2) play important roles
in viral replication and pathogenicity. To investi-
gate type-specific differences between HSV-1 Us3
and HSV-2 Us3 in cells infected by viruses with all
the same viral gene products except for their Us3
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kinase, we constructed and characterized a recom-
binant HSV-1 in which its Us3 gene was replaced
with the HSV-2 Us3 gene. Replacement of HSV-1
Us3 with HSV-2 Us3 had no apparent effect on vi-
ral growth in cell cultures or on the range of pro-
teins phosphorylated by Us3. HSV-2 Us3 efficiently
compensated for HSV-1 Us3 functions, including
blocking apoptosis, controlling infected cell mor-
phology, and down-regulating cell surface expres-
sion of viral envelope glycoprotein B. In contrast,
replacement of HSV-1 Us3 by HSV-2 Us3 changed
the phosphorylation status of UL31 and UL34,
which are critical viral regulators of nuclear egress.
It also caused aberrant localization of these viral
proteins, aberrant accumulation of primary envel-
oped virions in membranous vesicle structures ad-
jacent to the nuclear membrane, and reduced viral
cell-cell spread in cell cultures and pathogenesis in
mice. These results clearly demonstrated biological
differences between HSV-1 Us3 and HSV-2 Us3, es-
pecially in regulation of viral nuclear egress and
phosphorylation of viral regulators critical for this
process. Our study also suggested that the regula-
tory role(s) of HSV-1 Us3, which were not carried
out by HSV-2 Us3 was important for HSV-1 cell-
cell spread and pathogenesis in vivo.

6. Ubiquitin-Specific Protease 9X in Host Cells
Interacts with Herpes Simplex Virus 1 ICPO

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

Herpes simplex virus 1 (HSV-1) expresses in-
fected cell protein 0 (ICP0), a multi-functional pro-
tein with E3 ubiquitin ligase activity and a critical
regulator of the viral life cycle. To obtain novel in-
sights into the molecular mechanism by which ICP0
regulates HSV-1 replication, we analyzed HEp-2
cells infected with HSV-1 by tandem affinity purifi-
cation and mass spectrometry-based proteomics.
This screen identified 50 host-cell proteins that po-
tentially interact with ICPO, including ubiquitin-
specific protease 9X (USP9X). The interaction be-
tween ICPO0 and USP9X was confirmed by co-im-
munoprecipitation. Notably, USP9X depletion in-
creased the ICP0 abundance and promoted viral
replication. These results suggest that USP9X-de-
pendent regulation of ICPO expression is part of a
complex feedback mechanism that facilitates opti-
mal HSV-1 replication.
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