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We recently discovered novel and crucial roles of non-standard DNA 
structures in regulating of DNA replication and transcription. Notably, 
we found that G-quadruplex structures, which are widely present on 
genomes (estimated to be present at more than 370,000 locations on 
the human genome), regulate organization of chromatin architecture 
and initiation of DNA replication. Our major goal is to establish a novel 
principle of genome organization by elucidating the fundamental 
and universal functions of G-quadruplex and other non-B type DNA 
structures in the regulation of various genome functions. We will 
also explore the possibility that mutations found in various diseases 
including cancer and neurodegenerative diseases are related to 
alteration and mal-formation of 
these non-B DNA structures, 
which are likely to be essential 
components of genomes.

Hisao Masai

Precise duplication of genetic materials is central to the stable 
maintenance of genomes through generations. Defects in genome 
copying processes would generate genomic instability which could 
ultimately result in various diseases including cancer. The goal of our 
studies is to understand the molecular basis of how huge genomes 
are accurately replicated and precise copies of genetic materials are 
inherited to the next generation. Three billion base pairs of the human 
genome (2 meter long) are replicated with almost no errors during 
a 6-8 hr time span in the cell cycle. This requires an extreme level 
of coordination of temporal and spatial arrangements of chromatin 
organization and signaling events for initiation of DNA replication.

“We are trying to decipher ‘unexplored 
messages’ of the genome that are crucial 

for shaping the chromosomes, copying and 
reading out genetic information, and even for 

causing detrimental diseases.”
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“We are identifying genes associated with human 
diseases and developing new mouse models for 

human diseases.”

Yoshiaki Kikkawa

The genetic factors and molecular mechanisms behind many 
human genetic diseases are still unknown. Mouse disease models 
are important tools for identifying genes that are responsible for 
genetic diseases. They are also important for studying the processes 
that regulate the onset of genetic diseases and for evaluating the 
effectiveness of new drugs. We aim to develop novel mouse models 
of human genetic diseases via forward and reverse genetics to 
understand disease pathogenic mechanisms.

Mammalian Genetics Project
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Main project: Genetics of deafness
Hearing loss is the most common sensory disease in humans, and 
severely affects one’s quality of life. We continue to make significant 
advances in understanding the development, transduction, and 
homeostasis of the auditory system by studying corresponding mouse 
mutants. We exploit the similarities between the mouse and human 
genomes, physiology, and auditory system anatomy to identify and 
characterize genes related to deafness.
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Fumihiko Yasui

Our project studies the virology, immunology, vaccinology and therapy 
of incurable viral diseases. We currently focus on liver diseases, 
influenza and dengue fever. However, the lack of suitable infection 
models in vitro and in vivo has hampered the clarification of viral 
pathogenesis. To overcome this problem, we have been developing 
various animal models including transgenic mice, humanized mice with 
human liver cells, monkeys and tree shrews. We also investigate the 
precise mechanisms by which host factors regulate viral growth.

“We are studying the mechanisms underlying 
development of severe acute inflammation and 
establishment of chronic infection by viruses 
through the development of suitable animal 
models that are capable of being infected by 

viruses.”

Viral Infectious Diseases Project
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Topics of our research
Selective inhibitor of Wnt/β-catenin/CBP signaling ameliorates hepatitis C virus-induced 
liver fibrosis in mouse model

Transmission of HBV DNA Mediated by Ceramide-Triggered Extracellular Vesicles

Chronic hepatitis C viral (HCV) infection is one of the major causes of serious liver diseases, including 
liver cirrhosis. We investigated the effects of a β-catenin/CBP inhibitor on liver fibrosis. PRI-724, a 
selective inhibitor of β-catenin/CBP, reduced liver fibrosis in HCV-Tg mice while attenuating αSMA 
induction. PRI-724 increased matrix metalloproteinase (MMP)-8 mRNA in the liver, and elevated 
levels of intrahepatic neutrophils and macrophages/monocytes. These results suggest that inhibition 
of hepatic stellate cell activation and induction of fibrolytic cells expressing MMP-8 contribute to the 
anti-fibrotic effects of PRI-724.

Extracellular vesicles are nanovesicles that shuttle 
proteins, nucleic acids, and lipids, thereby influencing 
cell behavior. We showed that ceramide-triggered 
extracellular vesicles transport hepatitis B virus-
DNA and are capable of transmitting viral DNA 
to naive hepatocytes. Further, we demonstrated 
that the transmission of hepatitis B virus-DNA via 
these extracellular vesicles is resistant to antibody 
neutralization.



Neurovirology

Department of Genome Medicine

15

Satoshi Koike

Enterovirus 71 (EV71), a human enterovirus species A of the genus 
Enterovirus within the Picornaviridae family, is known to be one of the 
causative agents of hand-foot-and-mouth disease (HFMD). HFMD is 
generally a mild and self-limiting disease. However, in some infants 
and young children, HFMD caused predominantly by EV71 can be 
complicated by neurological manifestations. Thus, EV71 infection is 
a serious public health concern. Unfortunately, there is still very little 
information concerning EV71 pathogenesis, and vaccines or anti-EV71 
drugs have yet to be developed.

“The development of vaccines and anti-viral drugs 
and the evaluation of these agents using experimental 

models are important for controlling emerging and 
re-emerging viral infections. We study the basic 
principles of neurotropic enterovirus infection 

to further knowledge and technologies to control 
infectious diseases.”
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Mechanism of Enterovirus 71 infection

Development of an animal model for Enterovirus 71 infection

We recently found that Scavenger receptor B2 (SCARB2) is a receptor for EV71. SCARB2 
plays a central role in early stages of EV71 infection. SCARB2 is able to mediate binding 
of the virus at the cell surface, internalization of the virus and initiation of uncoating.

Transgenic mice 
expressing human 
SCARB2 are 
susceptible to 
EV71, and are a 
useful model for 
the study of EV71 
pathogenesis and 
vaccine efficacy.
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Japanese cedar pollen allergy is the major allergic 
disease in Japan, affecting approximately 35% 
of Japanese people. In recent years, sublingual 
immunotherapy has been recognized as an effective 
curative treatment for allergic diseases.

However, the molecular mechanisms of mucosal 
tolerance still remain unclear. In our laboratory, we 
focus on the following topics.

・CNVs
・SNPs
・Epigenome
・Proteome, etc.

・iTregs
・Apoptosis
・CTLA-4
・TGF-β
・IL-10 etc.

1. Search for effective biomarkers of SLIT

2. Elucidation of molecular mechanisms by which SLIT  
induces immunological tolerance

“We are developing new diagnostic
and treatments for allergies.”

Gotoh M, Kaminuma O, Nakaya A, 
Katayama K, Motoi Y, Watanabe N, 
Saeki M, Nishimura T, Kitamura N, 
Yamaoka K,Okubo K, and Hiroi T. 
(2017) “Identification of biomarker 
sets for predicting the efficacy of 
sublingual immunotherapy against 
pollen-induced allergic rhinitis.” 
International Immunology 29: 291-
300.

Nishimura T, Kaminuma O, Saeki M, 
Kitamura N, Matsuoka K, Yonekawa 
H, Mori A, and Hiroi T. (2016) 
“Essential contribution of CD4+ 
T cells to antigen-induced nasal 
hyperresponsiveness in experimental 
allergic rhinitis.” PLOS ONE 11: 
e0146686.

Yokoyama S, Takada K, Hirasawa 
M, Perera LP, and Hiroi T. (2011) 
“Transgenic mice that overexpress 
human IL-15 in enterocytes 
recapitulate both B and T cell-
mediated pathologic manifestations of 
celiac disease.” J. Clin. Immunol. 31: 
1038-1044.

Kaminuma O, Kitamura F, Miyatake 
S, Yamaoka K, Miyoshi H, Inokuma 
S, Tatsumi H, Nemoto S, Kitamura N, 
Mori A, and Hiroi T. (2009) “T-box 21 
transcription factor is responsible for 
distorted TH2 differentiation in human 
peripheral CD4+ T cells.” J. Allergy 
Clin. Immunol. 123: 813-823.

Yokoyama S, Watanabe N, Sato N, 
Filkoski L, Tanaka T, Miyasaka M, 
Waldmann TA, Hiroi T, and Perera 
PL. (2009) “Antibody-mediated 
blockade of IL-15 signaling reverses 
autoimmune intestinal damage in 
a mouse model of celiac disease.” 
Proc. Natl. Acad. Sci. USA 106: 
15849-15854.

Allergies and Mucosal Immunology:
Investigating molecular mechanisms of sublingual 
immunotherapy (SLIT) and developing therapeutic 
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Other Research

1. Antigen-specific iTreg cells stimulate Th17-mediated colon inflammation

2. The mechanisms of allergic inflammation investigated using “cloned mice” of antigen-spe-
cific CD4+ T cells

Allergens bind to a T-cell receptor (TCR) on CD4+ T cells and induce a series of immune reaction. 
TCR-transgenic mice are important tools to analyze antigen-response mechanisms, but their non-
endogenous TCR might induce immune responses in a manner distinct from those induced by the 
endogenous TCR. Cloning by the nuclear transfer method enables us to produce animals that retain 
the donor genotypes in all tissues including germline and immune systems. We generated cloned 
mice carrying TCR genes of antigen-specific CD4+ T cells that have rearranged in an endogenous 
manner. These cloned mice express antigen-specific TCR under the intrinsic promoter, and present 
a unique animal model with which one can investigate CD4+ T cell-mediated pathogenesis and 
cellular commitment in immune diseases.
(Kaminuma O, et al. (2017) EMBO Rep. 18: 885-93.)

CD4+ helper T cells play a crucial role in allergy and 
autoimmune diseases including inflammatory bowel 
diseases (IBDs). Th17 cells and Foxp3+ regulatory 
T cells (Tregs) are thought to promote and suppress 
inflammatory responses, respectively. Recently we 
have developed an antigen-specific and organ-targeted 
inflammation model by transferring antigen-specific 
helper T cell subsets followed by antigen administration. 
By adopting this strategy to colon, we have shown 
that antigen-specific Tregs stimulate Th17-mediated 
inflammation in a CTLA4-dependent manner. This finding 
suggests that Treg/CTLA4-based immunological treatment that are currently in use may be problematic.
(Watanabe N, et al. (2016) PLOS ONE, 11: e0150244.)
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We uncover new mechanisms involved in the pathology of cancers 
and infectious diseases using novel biomarkers and technologies. 
This allows us to develop new drugs for the treatment of these 
diseases. In basic research, we focus on understanding mechanisms 
of cancer angiogenesis, elucidating how cell fusion induces malignant 
transformation and metastasis, developing drugs using siRNAs, and 
developing novel drug treatments for H5 influenza viral infections.

In clinical and translational research, we are establishing a platform 
to perform “precision medicine” by whole genome analysis using next 
generation sequencing, in collaboration with metropolitan hospitals. 
Towards this end, we have already established a bio-consortium, “Tokyo 
Biomarker Innovation Research Association (TOBIRA) in a private-
public partnership (3P) program.

Our general goal is to perform both basic research to identify novel 
disease targets, and translational research to develop our findings into 
novel treatments for patients.
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