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[ Abstract ]
We have been studying the molecular mechanism and biological roles of apoptosis and
pyroptosis, both of which are mediated by caspases. In contrast to apoptosis which often results
in non-inflammatory and/or immunosuppressive outcomes, pyroptosis is a highly inflammatory
and immunogenic form of cell death. Thus, pyroptosis may be a more preferable way than
apoptosis to kill tumor cells to induce anti-tumor immunity in therapy.

Pyroptosis was originally discovered as a programmed cell death of macrophages infected by
pathogens. In this context, innate immunity activators derived from pathogens (pathogen-
associated molecular patterns = PAMPs) induce formation of multiprotein complex called
inflammasomes, which consist of pattern recognition receptors (such as NLRP3, NLRC4, and
AIM?2), an adaptor protein ASC and caspase-1, and cause caspase-1 activation. Some PAMPs
including lipopolysaccharide induce oligomerization and activation of caspase-4 and caspase-
5. These caspases (caspase-1,4,5) cleave a cytoplasmic protein gasdermin D (GSDMD), and
the N-terminal fragments of GSDMD forms pores in the plasma membrane to induce pyroptosis.
GSDMD pores are also required for the secretion of inflammatory cytokines including IL-1p.

We have found that a motor protein KIF11 contributes to inflammasome formation and
induction of pyroptosis. We succeeded to obtain in vitro evidence showing that KIF11 moves
on microtubules and that NLR moves along microtubules when coexisting with KIF11. These
results suggest that KIF11 plays a role in the intracellular traffic of NLRs.

We are searching for novel proteases that mediates the proteolytic maturation of GSDMs. We
found that caspase-12 is activated by bacterial-derived molecular patterns and cleaves GSDMD
and induces pyroptosis. Analysis of the activation mechanism of caspase-12 revealed that
approximately 100 amino acid residues at the N-terminus of caspas-12 are involved in the
ligand recognition. These results suggest that caspase-12 functions as a novel pathogen sensor.

In macrophages, GSDMD is required for the caspase-1-meidated pyroptosis and secretion of
mature IL-1f as described above. On the other hand, we have found that mast cells and nerve
cells express GSDMD at low levels, and that activated caspase-1 induces Bid-dependent
apoptosis rather than GSDMD-dependent pyroptosis in these cell types. We found that the
secretion of IL-1 induced by activation of the NLRP3 inflammasome in mast cells is GSDMD-
independent. We are currently elucidating the secretion mechanism of IL-1 by mast cells.
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[ Abstract]

Our research mission is to progress diagnosis and therapeutics based on the understanding of
bioactive molecules and molecular technologies, focusing on MET/HGF receptor. Our
research progresses in 2023 are followings. (1) The intracellular C-terminus of MET interacted
with mitochondrial antiviral-signaling protein and played a role in the induction of cytokine
production by non-self RNA, whereas the tyrosine kinase of MET was dispensable for
promoting cytokine production. Our results revealed a kinase activity-independent function of
MET in the promotion of antiviral innate immune responses (by Imamura). (2) In the lung
metastasis models, the processing from precursor inactive HGF to active HGF occurred in the
bronchial epithelial cells. MET activation in the bronchial epithelial cells induced expression
of genes involved in metastatic niche formation. Metastatic niche formation and subsequent
metastasis were suppressed by HGF-inhibitory Peptide-8. Processing of HGF in distant site
facilitates MET activation which promotes premetastatic niche formation (by Sato). (3)
Biochemical assay and molecular dynamics (MD) simulation provided MET-IPT domain-
mediated MET dimer formation. High-speed AFM analysis revealed MET-IPT-connected
dynamic 2:2 structure of HGF and MET purified from living cells. (by Yilmaz). (4) Employing
Lasso-Graft technology, high-performance MET receptor agonists were created. The one is
immunoglobulin Fc-based MET agonist with long circulatory residency (by Sakai). In
preclinical model, improvement of nonalcoholic steatohepatitis (NASH) was achieved by Fc-
based MET agonist (by Chaverra). When ubiquitin was used as a scaffold for Lasso-Graft of
MET-binding peptide, the MET-binding ubiquitin multimers acquired MET agonist activity
(by Sato). On the other hand, Fc grafted with macrocyclic peptide capable of binding to both
wild type and W104R mutant growth hormone receptor (GHR) could activate not only wild
type but also of a mutant GHR which cannot be activated by GH. This approach serves

versatile strategy to generate de novo agonists against mutant receptors (by Kida).
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[ Abstract ]

Using a novel glial cell culture method (mixed glial culture on/in soft substrate: MGS
method) developed in our laboratory, we identified metabotropic glutamate receptor 1
(mGluR1) as a molecule that plays an important role in lung cancer brain metastasis. Expression
of mGluR 1, which is involved in synaptic transmission as a receptor for glutamate, is almost
exclusively restricted to the central nervous system, and mGluR 1 expression is rarely observed
in lung cancer cells. However, mGluR1 expression was induced in lung cancer cells
metastasized to the brain, and cell proliferation was found to be dependent on mGIuR 1 signaling.
The molecular mechanism is that astrocyte-derived Wnt-5a induces mGluR1 expression in
cancer cells via nuclear translocation of the transcriptional repressor REST, and the induced
mGluR1 directly binds to EGFR in a glutamate-dependent manner to stabilize it and activate
the downstream MAPK pathway. Our results highlight increased dependence on mGluR1
signaling as an adaptive strategy and vulnerability of lung cancer brain metastasis.

In addition, three-dimensional time-lapse imaging using the MGS co-culture method
revealed the presence of microglia that induce aggressive and cell cycle-dependent cell death
in cancer cells. IFI16-mediated inflammasome formation and caspase-1 activation in cancer
cells were identified as the mechanism of cell injury, and further studies are underway to

elucidate the detailed molecular mechanisms.
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2019 4RE LD | AR KFEE TR A MBL TR BE B it & oL RFRIC
L, AREATEDEIIEA A IR (zwitterionic liquid : ZIL) DA MmEMF5y B~
DISRICET 2R E2 D TV 5,
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H OBEE A E 77U T e O Z A AR & ARASE ) 5 31 (Al H AR Cell
Death 22 ke s (FFF#ER) (R 2023 427 J1 15-16 H)

Fills N BT R T B R sE TRER V2 S R R T I
U 7o BMHRRE 03 AU D ZE 7RI | et e 7 VBNV SR 7T v b T o — 4 2023 4R
i3 E%B&Tﬁi%%”w\ (HEE%EER) (BBE 202349 H 8-10 H)

T ik TR IZ381T 5 fibulin-1 74 Y 7 4 — 2 O&E]] Jeist T Vi) 52
7Ty b7 a— 0 2023 FE B FEINEEE S (RA X —5%K) iR 2023
9 H 8-10 H)
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FFRE 2023-03404 (BAEFEABH) WG, SEHEE ., BRI (FrFE 2022-098339
DI HE LR HFE)

< EEE >

1.

PRERRORFZE (B3R [MF9EREE Bl &E] 17 )V A—~<EI 7 a2/ U7 - <
7w 77— OREERIE] 3,380 M

2. AMED $Hi0s A ERbAFstESE  (FRERE - SEl 8] TR 7 v
XX VRS RERER) & UTe S AU RETR R O B ) 22,230 T

3. 2023 fEFE —AWFEBARE SCEEIMIMISER A [WFZEARERSE - Sl wE] T2 U 7
A SRPEFIGEANT & 2 BB E R RIS O B ) 1,000 T

4. FHFHIE (AR EE A8 A" 127 a7 ) 7 2 AW HIEE O
BAFE HAZ OMEEE] 1,300 T-H

5. JSTACT-X [WZEREH A AW I 7 mEwE & L CH#EET % DNA
EhHLIEMREEaI 2= —v 3 ) 3,250 TH

6. [EFRILENFFEME S (SN EEMNZE) [MFERERE Al 3—R8  AFgenfHs .
s AN TIRABBRBIZBIT DA ) 34 Fud—] 624 TH

CENIFRE 4)

7. T eT s b (2022-2023) [WRZEAAERSE  BHE UES WSRO HEE C EH 3R
JE] TREA T RIRIZ X DT A 7 A = o ZAHME O & 3248 500 T
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K8 N B 2023 R AR B BRI R iR T VB KR T T v T

d— b EFLEHIRHES ST AN oYK

(77~ U —Fi5HE)
2.

Y S, At BB RROVAMMEEZBONARRT =7 b T A

fF EEP) (202348 H 1-4 H)
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