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Regulation of T cell responses by a novel subset of resident splenic macrophages 

Daisuke Kurotaki1), Junko Morimoto2), Bae Kyeonghwa2) and Toshimitsu Uede1), 2) 

1) Division of Matrix Medicine and 2) Molecular Immunology, Institute for Genetic Medicine, 
Hokkaido University, Sapporo, Japan 

The balance between immune activation and suppression must be regulated to maintain immune 

homeostasis.  Tissue macrophages (M ) constitute the major cellular subsets of antigen presenting 

cells within the body, however, it is poorly understood what kind of and/or how resident M  is involved 

in the regulation of immune homeostasis in the peripheral lymphoid organs.   Here, we report that 

splenic M  can be divided into two subsets by the expression of F4/80 and Mac-1 (F4/80intMac-1hi and 

F4/80hiMac-1lowM ). Importantly, these two M  subsets have clearly distinct anatomical locations, 

surface phenotypes and functions. F4/80intMac-1hiM  expressed an inflammatory chemokine receptor, 

CCR2 and showed the strong production of IL-6 and IL-12p40. In contrast, F4/80hiMac-1lowM ,

localized in the red pulp of the spleen, expressed 9 integrin which is a osteopontin receptor and 

secreted suppressive cytokines such as TGF-  and IL-10.  F4/80intMac-1hiM  functioned as antigen 

presenting cells and induced CD4+T cell proliferation, while F4/80hiMac-1lowM  inhibited CD4+T cell 

proliferation and more importantly induced the differentiation of naïve CD4+T cells into Foxp3+

regulatory T cells via endogenous TGF- .   We then examined whether these two M  subsets can be 

generated under the influence of distinct cytokines. We found that bone marrow derived-M  induced by 

exogenous M-CSF expressed 9 integrin and similar to splenic F4/80hiMac-1lowM , these M  could 

suppress antigen specific CD4+T cell proliferation and induced the expression of Foxp3 by CD4+T cells.  

In sharp contrast, bone marrow-derived M  induced by exogenous GM-CSF expressed CCR2 and 

similar to splenic F4/80intMac-1hiM , these M  could potently induce antigen specific CD4+T cell 

proliferation.    These results suggest that distinct subsets of resident M  reciprocally control T cell 

immune responses and peripheral immune homeostasis. 

[Memo]
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Synovial fibroblasts and macrophages differentially contributes to the development of 
autoimmune arthritis via 9 integrin 

Masashi Kanayama1), Daisuke Kurotaki2), Tsuyoshi Asano1), 3), Junko Morimoto1), Yutaka Matsui2)

and Toshimitsu Uede1)

1) Division of Molecular Immunology, Institute for Genetic Medicine, Hokkaido University 
2) Department of Matrix Medicine, Institute for Genetic Medicine, Hokkaido University 
3) Department of Orthopaedic Surgery, Graduate School of Medicine, Hokkaido University

Rheumatoid arthritis (RA) is a chronic inflammatory disease. It became clear that not only 

inflammatory cells but also synovial resident cells play an important roles in the pathogenesis of  RA. 

Previously, we showed that 9 integrin and its ligands, osteopontin (OPN) and tenascin-C (TN-C) were 

expressed by synovial cells and the administration of anti- 9 integrin antibody dramatically inhibited the 

pathology of collagen antibody induced arthritis (CAIA). These data suggest that the interaction 

between 9 integrin on synovial cells and its ligands leads to the development of autoimmune arthritis. 

In this study, we attempted to dissect the differential roles of synovial fibroblasts (SF) and macrophages 

(SM) in the pathogenesis of RA. 

In the arthritic microenvironment, the expansion of SF occurred at early phase of arthritis. 

Surprisingly, SF dominate in cell number at joints and there were 2~4 fold as many SF as SM in arthritic 

joints. Both SF and SM expressed 9 integrin. SF produced the significant amounts of OPN and TN-C 

at arthritic joints. Thus, arthritic joint microenviroment allows the autocrine and/or paracrine interaction 

of 9 integrin on synovial cells with its ligands, OPN and TN-C. We then examined the outcome of 

those autocrine and/or paracrine interaction between 9 integrin and its ligands. SF or SM was 

stimulated with OPN or TN-C and the production of various inflammatory factors were examined in vitro. 

IL-1 , TNF , TGF , CCL3, CCL4 and CXCL2 could be derived from SM, but not from SF. In contrast, 

CXCL12 and MMP-9 could be derived from SF, but not from SM. IL-6, IL-1 , CCL2 and CXCL5 were 

expressed by both types of cells. 

Thus, SF and SM can complement each other and differentially contribute to the autoimmune arthritis 

mediated by 9 integrin. 

[Memo]
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Osteopontin and its Involvement in Stress Responses 

Kathryn X. Wang 

Sanofi-Aventis U.S., Department of Exploratory Internal Medicine, New Jersey, USA 

I have recently reported that OPN-deficient mice differ from WT mice in how they respond to hind limb 

unloading and chronic restraint stress (Wang KX : Proc Natl Acad Sci 104:14777-82,2007; J 

Immunol. 182:2485-91,2009). Substantial atrophy of the thymus, and to a lesser extent the spleen, 

occurs in WT mice to a much greater extent than in the KO mice. I also showed that the stress-induced 

immune organ atrophy was dependent on the presence of OPN in the plasma, and could be inhibited 

by at least one anti-OPN monoclonal antibody. In addition, corticosterone and ACTH production was 

affected in opposite ways by stress in the two cell types. In more recent research, in collaboration with 

members of the Denhardt laboratory, I have looked at corticosterone, ACTH and NO levels in acutely 

stressed WT and KO mice. We are also studying the mouse pituitary tumor cell line AtT-20 in an effort 

to understand how OPN might regulate the hormones of the hypothalamus-pituitary-adrenal (HPA) axis. 

OPN appears to regulate the production of proopiomelanocortin (POMC) by these cells.  

[Memo]



Characterization of Novel Anti-Osteopontin Monoclonal Antibodies 

David T. Denhardt 

Department of Cell Biology and Neuroscience, Rutgers, The State University of New Jersey

We have isolated and partially characterized a set of hybridomas producing monoclonal antibodies 

targeting epitopes in OPN, either recombinant (made in ) or purified from human milk. The 

hybridomas were all derived from the 129 OPN-deficient mouse strain. Characterization includes: 1) 

determining the nature of the immunoglobulin; 2) identifying the epitope recognized by the mAb; 3) 

characterizing their ability to recognize different forms of OPN; 4) assessing their ability to inhibit OPN 

function in cell culture or in the mouse. 

Notable findings (tentative!) include: 

1) The epitopes identified in the protein that are recognized by the mAbs are not randomly distributed. 

1) 2C5 inhibits OPN action in mice subjected to chronic restraint stress 

2) Several mAbs stimulate the growth of mouse B16F10 melanoma cells in soft agar 

3) 21B1 inhibits the formation of colonies in soft agar by the human melanoma cell line Yusiti. 

4) Efforts to identify mAbs that are specific for phosphorylated sequences have not been definitive. 

[Memo]
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Administration of osteopontin small interfering RNA ameliorates experimental 
autoimmune uveoretinitis model in mice. 

Kazuya Iwabuchi1), 4) Daiju Iwata1), 3), Mizuki Kitamura1), 3), Yoshinari Saito2), Shigeyuki Kon2),
Junko Morimoto2), Shigeaki Ohno3), 4), Susumu Ishida3), Toshimitsu Uede2) and Kazunori Onoe1)

Division of 1) Immunobiology, 2) Molecular Immunology, Institute for Genetic Medicine;  
Department of 3) Ophthalmology, 4) Ocular Inflammation and Immunology,  
Graduate School of Medicine, Hokkaido University, Sapporo, Japan

[Background] Osteopontin (OPN) is elevated during the progression of experimental autoimmune 

uveoretinitis (EAU) in C57BL/6 (B6) mice, and EAU symptoms are ameliorated when treated with 

anti-OPN antibody (M5). OPN has been shown to promote the Th1 response not only as a secretory 

protein but also as a signaling component in cytosol. Thus, we attempted to reduce OPN in both 

compartments and to block the function by using a small interfering RNA (siRNA) targeting the OPN 

coding sequence (OPN-siRNA). 

[Materials & Methods] EAU was induced in B6 mice by immunization with human interphotoreceptor 

retinoid-binding protein peptide sequence 1–20 (hIRBP1-20). The OPN- or control-siRNA (50 g/head) 

was administered with hydrodynamic methods on day (d) -1 and d 0 with immunization (prevention 

regimen) or treated on d 7 and d 8 after immunization when the clinical symptoms appeared overt 

(reversal regimen). Lymph node cells from sensitized mice that received OPN- or control siRNA were 

cultured with hIRBP1-20. Cytokine concentration in the supernatants was quantified with FlowCytomixTM

(Bender MedSystems GmbH). 

[Results & Discussion] Plasma OPN level in the OPN-siRNA-treated group was significantly lower than 

that in the control-siRNA-treated group with the prevention regimen.  Accordingly, the clinical and 

histopathological scores of EAU were significantly reduced in B6 mice when siRNA caused OPN 

blockade.  On the other hand, the protection was not significant with reversal regimen. In the 

prevention regimen, although the proliferative responses of T lymphocytes from regional lymph nodes 

against immunogenic peptides was not significantly reduced, TNF- , IFN- , IL-2, GM-CSF and IL-17 

levels in the culture supernatants were markedly suppressed in the OPN-siRNA treated group.  Thus, 

Th1 and Th17 immune responses appeared to be efficiently suppressed with preventive regimen of 

OPN blockade. Our results suggest that OPN-blockade with OPN-siRNA can be an alternative choice 

for anti-OPN therapy and may serve as an even better method for blocking OPN activity and controlling 

uveoretinitis than the anti-OPN Ab infusion in the preventive regimen. For the improvement of 

therapeutic efficacy of reversal regimen, a combination of anti-OPN antibody with OPN-siRNA should 

be examined in further investigation. 

[Memo]
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Osteopontin deficiency protects against aldosterone-induced inflammation, oxidative stress, and 
interstitial fibrosis of the kidney 

Jun Irita, Takafumi Okura, Tomoaki Nagao, Masanori Jotoku, Daijiro Enomoto, Mie Kurata, Ken-ichi Miyoshi, Jitsuo 
Higaki 
The department of Integrated Medicine and Informatics, Ehime University Graduate School of Medicine. 

Abstract
Osteopontin, a secreted glycosylated phosphoprotein and proinflammatory cytokine, has been implicated in 
several renal pathological conditions.  More recently, we reported that aldosterone plays an important role in 
collagen synthesis and renal fibroblast cell proliferation through the induction of osteopontin in vitro study.  We 
studied its possible role in aldosterone-mediated renal injury by infusing wild type (WT) and osteopontin knockout 
mice (OPN(-/-)) with aldosterone.  The effects of 4-week aldosterone (0.15 g/hour)/salt (1% drinking water) on 
renal histology, gene expression, protein expression were determined in WT and OPN(-/-) mice.  We found that it 
raised systolic blood pressure in both aldosterone-infused mice.  At 4 weeks, urine albumin excretion were 
greater in aldosterone-infused WT mice compared vehicle-infused WT or aldosterone-infused OPN(-/-) mice.  
Interstitial fibrosis evaluated with Masson trichrome stain was increased in aldosterone-infused WT mice compared 
to vehicle-infuse WT mice and aldosterone-infused OPN(-/-) mice.  In WT mice, aldosterone increased renal 
mRNA expression of OPN, collagen I, collagen III, collagen IV and fibronectin.  In contrast, the fibrosis related 
gene expression and renal OPN expression were diminished in aldosterone-infused OPN(-/-) compared to 
aldosterone-infused WT mice.  In addition, aldosterone-infused WT mice had increased gene expression of 
NADPH oxidase subunits such as p47phox, p67phox and NOX2 compared to vehicle-infused WT or 
aldosterone-infused OPN(-/-) mice.  Immunohistochemistry indicated that aldosterone-infused WT mice exhibited 
OPN staining that was strongly present in the proximal and distal tubules.  In contrast, there was a little OPN 
staining in kidneys from vehicle-infused WT mice.  F4/80 positive cells (macrophage) and FSP-1 positive cells 
(fibroblast) were significantly higher in aldosterone-infused WT than vehicle-infused WT and aldosterone-infused 
OPN(-/-)  mice.  These results suggest that OPN is a promoter of aldosterone-induced inflammation, oxidative 
stress and renal fibrosis.  The inhibition of OPN for the prevention of renal injury might be one of therapeutic 
targets. 
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