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[Research and Purpose and Background]

This research aims to identify targets and analyze the mechanisms of action for the development of novel drugs that
protect the kidneys, based on highly reliable clinical evidence (big data) and a novel and original target identification method
developed by the principal investigators.

Based on the search for clinical evidence, it was suggested that the anti-inflammatory and anti-acute kidney injury (AKI)
effects of antithrombin (AT) may be mediated by specific receptor stimulation. The applicant initiated candidate receptor
search using the HEK293T cell line, which expresses a newly established soluble plasma protein as a cell membrane-tethered
ligand. As a result, transmembrane and immunoglobulin domain containing 1 (TMIGD1) was identified as a candidate AT
receptor that is highly expressed in the renal proximal tubular epithelium and may function in protecting tubular cells from
oxidative stress and suppressing apoptosis.

In this study, to investigate whether TMIGD1 could be an important drug target for the prevention and treatment of acute
kidney injury (AKI) and chronic kidney disease (CKD), we established a method for detecting TMIGD1 and elucidated
intracellular signaling molecules that interact with TMIGD1. This allowed us to investigate whether the binding of AT to
TMIGD1 is a true functional receptor and whether the anti-AKI effect of AT administration in vivo is mediated through the
TMIGDI receptor.

[Summary of Research Results]

A fusion protein (exTMIGD1-Fc) of the extracellular domain protein of human TMIGD1 with Fc was created in CHO
cells and used in experiments. The exTMIGD1-Fc fusion protein was shown to directly bind to AT via Surface Plasmon
Resonance. Rats were immunized with exTMIGD1-Fc to obtain four types of exTMIGD1-specific monoclonal antibodies.
Three of these antibodies strongly stained the proximal tubular margins of mice. One antibody, however, showed punctate
staining of the margins and weak staining of the entire cell.

AKI in mice was induced by administration of cisplatin or LPS. In the cisplatin-induced AKI model, elevated BUN,
decreased renal AT, induction of NGAL into the proximal tubules, weight loss, and decreased TMIGD1 expression were
observed. Administration of high doses of exogenous human recombinant AT (500 [U/kg) suppressed elevated BUN levels,
urinary NGAL excretion, and weight loss in mice, confirming the suppression of AKI by AT as a therapeutic agent in an in
vivo model. Cisplatin-induced cell death in cultured HEK293T cells highly expressing TMIGD1 was suppressed in a
concentration-dependent manner by human recombinant AT, but no such effect was observed in cells without TMIGDI. In
vitro experimental results strongly suggest that AT-mediated stimulation of TMIGD1 in HEK293T cells acts to prevent cell
death.

To investigate downstream factors of TMIGDI, factors potentially binding to TMIGD1 were searched using the
HEK?293T expression system, immunoprecipitation, and mass spectrometry. As a result, factors presumed to be involved in
cell survival and proliferation, DNA-PK, SAALI1, and ATXN10 were selected and further investigated. When the binding
affinity of the three factors to TMIGD1 was re-examined using the pull-down method, binding to ATXN10 only was confirmed.
Detection of phosphorylated proteins due to high TMIGDI1 expression revealed elevated levels of activated MSK2/RSK?2 and
ERK1/ERK2. Furthermore, we found that p63 was highly expressed in TMIGD1-high-expression cells, and identified
ANp63a as the high-expression isoform.

[Significance of the Study]
The renal protective effect of AT in an in vivo AKI model and the TMIGD1-dependent survival maintenance effect of
AT against cisplatin-induced HEK293T cell death in vitro, as demonstrated in this study, suggest that AT has a certain degree
of renal protective effect mediated by TMIGD1 stimulation, a receptor expressed in the proximal tubules. Furthermore,
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downstream factor analysis of AT-TMIGD]1 strongly suggested the presence of ATXN10, ERK1/ERK2, MSK2/RSK2, and
p63, and it was hypothesized that tubular survival may be regulated by stimulation of this pathway in the proximal tubules.
In TMIGD1 stably expressing HEK293T cells, ANp63a was specifically and excessively expressed as an isoform of TAp63.
ANp63a has been reported to antagonize the action of pS3 and protect cells from various cell death-inducing stimuli. These
findings strongly suggest that TMIGD1, expressed on the tubular margin of the proximal tubule, and its downstream factors
play arole in cytoprotection through a novel signaling pathway. The applicant's research group has also identified and reported
CLECI1A as a receptor for AT. Stimulation of CLEC1A present on neutrophils may contribute to the suppression of various
inflammatory diseases by quiescentizing neutrophils and inhibiting their deviant activation, thereby suppressing NETosis.
Thus, AT not only suppresses the activity of coagulation factors such as thrombin, but also possesses characteristics of a
multifunctional molecule. Given the extremely limited range of therapeutic drugs for kidney diseases, including acute tubular
injury, we believe that further elucidating the detailed mechanisms of this novel signaling pathway will lead to obtaining
information on therapeutic targets. Furthermore, elucidating the dynamics and functional role of AT present in the proximal

tubule, as discovered in this study, is an important research theme.



