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Abstract :

Understanding of regulatory mechanisms of inflammatory responses is critical for establishing
novel therapeutic strategies since deregulation of inflammatory process including healing processes causes
exacerbation of pathological conditions of various diseases. To this end, we focused on innate immune
responses since innate immune cells plays key roles not only in initiation but also in chronic situation of
inflammation. Although a wide variety of pathogen sensors and cytokines involved in inflammatory
responses have been identified and characterized, understanding of how inflammatory responses contribute
to disease pathogenesis remains insufficient.

It is established that endosomes/lysosomes are important compartments to transmit inflammatory
signals, and a failure of homeostatic regulation of these organelles affects the pathogenesis of various
immune diseases. Furthermore, accumulating evidence demonstrated that mitochondrial functions have a
close association with inflammatory diseases. Thus, organelle-based understanding of inflammatory
responses merits further study to develop novel therapeutic strategies. The purpose of this study is to
identify possible therapeutic targets in inflammatory diseases through understanding of novel regulatory

mechanisms  of organelle-based inflammatory  signals by focusing in  particular on
endosome/lysosome-dependent inflammatory signals.

[1] A critical role of a lysosome-resident oligopeptide transporter, SLC15A4, in the pathogenesis of
autoimmune diseases.

Solute carrier family (SLC) 15A4 is a resident lysosomal proton-coupled histidine/oligopeptide
transporter, and is preferentially expressed in immune cells including dendritic cells and B cells. SLC15A4
possesses 12 membrane-spanning regions and carries certain types of amino acids, particularly histidine,
and oligopeptides such as NODL1 ligand, tri-DAP, and carnosine, together with a proton. This transporter
plays a crucial role for TLR9-triggered type | interferon (IFN-I) production in pDCs, and disruption of
SLC15A4 gene causes amelioration of the pathogenesis of colitis (Sasawatari, S. et al., Gastroenterology
2011). We here investigated importance of SLC15A4 in B cell-intrinsic immune functions, particularly
autoantibody production associated with the pathogenesis of lupus-like disease. We demonstrated that
SLC15A4 in B cells is critical for production of TLR7-triggered IFN-1 and autoantibodies such as
anti-snRNP and anti-dsDNA in the lupus model. More importantly, we revealed that SLC15A4 was

required to establish IRF7-IFN-I regulatory circuit downstream of IFNAR, and to induce germ line y2a/c

Researchers [Z[X, DR EZELEHT 5,



transcription. Our results suggest that SLC15A4’s transporter activity was necessary for providing
suitable conditions in the lysosomes including pH optimization and v-ATPase integrity to exert the
lysosome-dependent signaling events. Our findings revealed a novel regulatory mechanism of
autoantibody production, in which SLC15A4-mediated conditioning of the lysosomal environments is
an integral part of a TLR7-triggered, mTOR-dependent IRF7-IFN-1 circuit that is pivotal to
autoantibody production. Recent genome-wide analyses have identified a number of potential risk
factors for SLE, including TLR7, IRF7, IFN-I, and SLC15A4. Although the pathogenic conditions
of this multifactorial disorder cannot be explained by a single molecule in a sole cell subset, our results
demonstrated that the SLC15A4 molecule plays a key role in integrating the functions of these risk
factors into a sequential process that promotes autoantibody production in B cells (Kobayashi, T. et al.
Immunity, 2014).

[2] Development of small molecules as SLC15A4 inhibitors.

Since our studies demonstrated that SLC15A4 could be a good therapeutic target for
autoimmune diseases including SLE. To identify low molecular weight inhibitors against SLC15A4,
we established the HTS assay using luciferase-based reporter system, and the HTS was started under
the supervision of RIKEN program for drug discovery and medical technology platforms. We obtained
40 chemicals out of 60000 chemicals from the screening. In addition, the AMED program for drug
discovery for SLE has started. We further established new assays for evaluating SLC15A4 transporter
activities, and obtained candidate chemicals which inhibit SLC15A4 transporter activity. Currently
structural expansion/modification of these chemicals is ongoing for lead generation and optimization.

[3] Animportant role of SLC15A4 in mast cell functions
We found that SLC15A4 was highly expressed in mast cells and played a crucial role for
mast cell effector functions both in vitro and in vivo (Kobayashi, T. et al. manuscript in preparation).
In addition, we successfully established specific monoclonal antibody against SLC15A4. Using this
antibody, we started characterization of endogenous SLC15A4 proteins and crystallization of this
protein for crystal structure determination.

[4] Molecular mechanisms of regulation of TLR signaling in lysosomes
To identify important molecules which regulate lysosome-dependent TLR9 signaling events
to elicit cytokine production, CpG-ODN-containing lysosomes were purified, and proteins recruited to
or excluded from the lysosomes in response to CpG-ODN were identified by mass spectrometry.
Analyses of functional importance of these molecules by using appropriate inhibitors and knock-down
system are currently ongoing.

[5] A novel regulatory mechanism of neutrophil chemotaxis

Neutrophils rapidly migrate into inflamed tissues and cause inflammatory responses by
secreting humoral factors, including proteases and chemokines, which can also contribute to the
pathology of multiple organ failure. Neutrophil chemotaxis is triggered by G-protein-coupled
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receptors (GPCRs), including the formyl peptide receptor, FPR. However, the mechanisms linking
GPCR activation to cytoskeletal reorganization remain unclear. We demonstrated that an
ITIM-bearing inhibitory receptor, Ly49Q, is a crucial for FPR-triggered signals. Ly49Q loss caused
FPR and PI3Ky mislocation, in association with impaired neutrophil polarity. Ly49Q was also critical
for establishing the PI3K-SHIP2-axis-dependent phosphoinositide cascade downstream of FPR and for
reorganizing the cytoskeleton by activating a panel of monomeric G proteins. We also found that
Ly49Q-modulated signaling promoted neutrophil migration in vitro and in vivo. Our findings reveal a
novel regulatory mechanism of GPCR-proximal signaling events (Handa, Y., et al. submitted).

[6] Autophagy as a therapeutic target in neurodegenerative diseases
To develop a novel therapeutic strategy for neurodegenerative diseases, we have tried to find
novel autophagy-modulating molecules. To this end, in collaboration with Daiichi Sankyo company,
Beclin-1-interacting molecules were searched from iPS-derived neuron. We have successfully
identified a panel of candidate molecules, and functional validation of the candidates is now ongoing
by using siRNA knockdown method.

[7] A novel regulatory mechanism of I1L-6 production by processing body (PB) in M1 macrophages
Macrophages play critical roles in the onset of various diseases and in maintaining homeostasis.
There are several functional subsets, of which M1 and M2 macrophages are of particular interest
because they are differentially involved in inflammation and its resolution. Here, we investigated the
differences in regulatory mechanisms between M1- and M2-polarized macrophages by examining
MRNA metabolic machineries such as stress granules (SGs) and processing bodies (P-bodies). Human
monocytic leukemia THP-1 cells cultured under M1-polarizing conditions (M1-THPs) had less ability
to assemble oxidative-stress-induced SGs than those cultured under M2-polarizing conditions
(M2-THPs). In contrast, P-body assembly in response to oxidative stress or TLR4 stimulation was
increased in M1-THPs as compared to M2-THPs. These results suggest that mMRNA metabolism is
controlled differently in M1-THPs and M2-THPs. Interestingly, knocking down EDC4 or Dcpla,
which are components of P-bodies, severely reduced the production of IL-6, but not TNF[ /[ in
M1-THPs without decreasing the amount of IL-6 mRNA. This is the first report to demonstrate that
the assembly of EDC4 and Dcpla into P-bodies is critical in the posttranscriptional regulation of IL-6.
Thus, improving our understanding of the mechanisms governing mRNA metabolism by examining
macrophage subtypes may lead to new therapeutic targets (Seto, E., et al. PLoS ONE, 2015).
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