
【Grant-in-Aid for Specially Promoted Research】 
 Biological Sciences 
 
 

 

Title of Project： Promotion of osteoimmunology for understanding the 
new regulatory systems of vertebrate 

 Hiroshi Takayanagi  
(The University of Tokyo, Graduate School of Medicine and  
Faculty of Medicine, Professor) 

Research Project Number：15H05703 Researcher Number：20334229 
Research Area：Medicine, Dentistry and Pharmacology 
Keyword：Bone and Cartilage Metabolism, Joint disease, Immunology, Cytokine 

【Purpose and Background of the Research】 
Bone is not only a component of the skeletal- 
locomotor system, but also a “primary lymphoid 
organ” where bone marrow microenvironment 
supports and nurtures hematopoietic stem cells and 
various immune progenitor cells. Bone is intricately 
regulated by other various biological systems. 
Especially, the immune and bone systems are 
closely related through a number of shared 
regulatory molecules including cytokines. Bone 
destruction in rheumatoid arthritis (RA) is the most 
typical pathogenesis closely linked to their 
relationship. We have explored the 
interdisciplinary field “osteoimmunology” by 
investigating the shared mechanisms and 
crosstalks between the bone and the immune 
system. As seen in recent advances of anti-cytokine 
therapies for RA, the osteoimmunological insight is 
now of growing importance in clinical applications. 
In this project, we aim to deepen and extend the 
concept of osteoimmunology to various biological 
systems, by elucidating the crosstalks between the 
immune and bone systems in the various skeletal or 
immune diseases and revealing their physiological 
roles in the hematopoiesis in bone marrow. 
 

【Research Methods】 
[1] Understanding the pathogenesis and developing 
new therapeutic approaches for autoimmune 
diseases including RA: using proteome and 
transcriptome analyses, we aim to identify 
molecules essential for the immune cells and bone 
cells, to understand the pathogenesis of 
autoimmune diseases, and to provide a molecular 
basis for novel drug discovery in the field. 
[2] Identifying new interactions between the bone 
and immune systems: we aim to reveal novel 
immune-bone interactions in various immune and 
skeletal diseases by analyzing the mouse diseases 
models and identify the novel molecules shared by 
the immune and bone systems. 
[3] Revealing the cell network in the bone marrow 
microenvironment for hematopoiesis:  by using the 

genetically modified mice and establishing the 
imaging system, we aim to elucidate the 
physiological significance of bone marrow cell 
subsets and mediators for hematopoiesis. 
 
 
 
 
 
 
 
 
 
 
 

Figure: whole concept of the study 
 

【Expected Research Achievements and 
Scientific Significance】 

By fully uncovering the novel bone  immune 
relationships, we will provide not only a novel 
framework for advances in biological control 
system, but also a molecular basis for the 
pharmacological intervention into various 
diseases affecting the bone and immune systems. 
 

【Publications Relevant to the Project】 
Komatsu, N., Okamoto, K., Sawa, S., (5 authors) 
and Takayanagi, H., Pathogenic conversion of 
Foxp3+ T cells into TH17 cells in autoimmune 
arthritis. Nature Med. 20: 62-68 (2014) 
Hayashi, M., Nakashima, T., Taniguchi, M., 
Kodama, T., Kumanogoh, A., Takayanagi. H. 
Osteoprotection by Semaphorin 3A. Nature. 485: 
69-74 (2012) 
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Figure2 disorder-specific M2 macrophages 
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【Purpose and Background of the Research】 
Studies bridging innate immunity and various 
diseases are rapidly progressing. We revealed the  
physiological roles of TLR family molecules and 
downstream signaling pathways, which are critical 
for pathogen recognition, by generating knockout 
mice. These molecules are involved not only in 
pathogen recognition, but also in arteriosclerosis, 
cancer, metabolic syndrome and other diseases. 
TLR activates a signaling pathway that results in 
the production of cytokines, chemokines and 
various molecules associated with the immune 
response. Although most components of the innate 
immune signaling pathway, such as TLR, have been 
elucidated, the physiological roles of various TLR 
signaling-inducible genes remain unclear. Among 
them, we recently identified two inducible genes: 
Regnase-1 and Jmjd3. Studies of the former gene 
has led to the novel research field “Control of 
mRNA stability in the immune response”, and that 
of the latter molecule Jmjd3 to another new 
research field “Characterization of M2 macrophage 
subsets responsible for distinct pathophysiology”. 
 

【Research Methods】 
Our research methods are as follows: mRNA 
stability project 1) Analysis of the Regnase-1 
expression mechanism and its role in different 
tissues. 2) Identification and functional analysis of 
new molecules involved in mRNA control by 
Regnase-1. M2 macrophage project 1) Identification 

 

 

of  disorder-specific  M2  macrophages and 
investigation  of  its physiological roles. 2) 
Comprehensive analysis of gene expression levels in 
disorder-specific M2 macrophages Identification and 
functional analysis of new molecules involved in the 
differentiation and activation of M2 macrophages. 
 

【Expected Research Achievements and 
Scientific Significance】 

We have succeeded in developing a novel concept 
for the mechanisms underlying the actions of the 
innate immune system, including the control of 
mRNA stability and its link to inflammation as 
well as the presence of distinct M2 macrophage 
subsets in diseases. The results of these studies are 
expected to help unravel the immune regulation 
mechanisms underlying various diseases. 
 

【Publications Relevant to the Project】 
・Uehata T, et al.Cell.153:1036-49 (2013) (Figure1) 
・Satoh T, et al.Nature.495:524-28 (2013) (Figure2) 
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【Budget Allocation】433,800 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://hostdefense.ifrec.osaka-u.ac.jp/ja/index.html 
sakira@biken.osaka-u.ac.jp Figure1 Regulation mechanism of Regnase-1 in CD4+ cell 
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【Purpose and Background of the Research】 
Mitochondria are essential for the viability of all 
eukaryotic cells. They function as powerhouses for 
production of ATP, are crucial for the metabolism 
of amino acids, lipids and iron, and play a central 
role in apoptosis. Defects in mitochondrial 
biogenesis and functions lead to severe diseases in 
particular of the nervous system, heart and 
muscles. Since mitochondria are only generated by 
growth and division of preexisting mitochondria or 
require them as templates, mitochondrial growth 
relies on precise import of their resident proteins, 
thus protein import constituting the central 
process of mitochondrial biogenesis. 
 

 
Pathways for mitochondrial protein trafficking 

 
【Research Methods】 
 In this project, we make full use of technologies in 

biochemistry, cell biology, molecular genetics, and 
structural biology to resolve the following 
questions. (P1) How are the gates of the 
translocator channels open to release membrane 
proteins laterally? (P2) How can the lateral release 
of PINK1 be controlled by proteinaceous factors 
and chemical substances? (P3) What are the 
mechanisms of quality control for non-stop 
mitochondrial proteins? (L1) How to establish 
reliable lipid transport assays in vitro? (L2) What 
is the mechanism of lipid transport by ERMES, a 
tethering complex between the ER and 
mitochondria? (L3) What are the factors that 
physically tether the mitochondrial membrane 
with those in other organelles? (L4) What is the 
mechanism of lipid transport by Ups proteins? 

(L5) What is the significance of ERMES 
clustering and how is that controlled? (L6) How to 
develop a system to monitor lipid transport 
between distinct organelles in vivo?  

 
【Expected Research Achievements and 

Scientific Significance】 
The expected results of this project will radically 
change the view on organelle structures and 
functions; organelles are not distinct membrane 
surrounded structures that separate biochemical 
reactions from each other, but are bound to conduct 
coordinated performances through exchange of 
metabolites and information. Mitochondrial 
biogenesis will be thus understood by new 
viewpoint that integrates the dynamic mitochondrial 
protein trafficking network into a sophisticated 
cellular regulatory systems of mitochondrial 
bioenergetics, structure organization, phospholipid 
biosynthesis and transport. Since mitochondria play 
central functions in the cells and are involved in the 
pathogenesis of numerous diseases, the obtained 
results will be giving significant impact on the 
understanding of cellular functions in health and 
disease and connect different fields from basic 
biology to molecular medicine as well.  

 
【Publications Relevant to the Project】 

Y. Watanabe et al. (2015) Structural and 
mechanistic insights into phospholipid transfer 
by Ups1–Mdm35 in mitochondria. Nat. Commun. 
in press. 
J. Song et al. (2014) A novel import route for an 
N-anchor mitochondrial outer membrane protein 
aided by the TIM23 complex. EMBO Rep. 15, 
670-677. 

 
【Term of Project】FY2015-2019 
 
【Budget Allocation】349, 300 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://endolab.jp/wp/ 
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