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[ Abstract ]

In response to infection, massive cell death in the surrounding tissue, and so on, macrophages
commit suicide called pyroptosis, which is a necrotic and inflammatory form of programmed
cell death. Simultaneously, dying macrophages release inflammatory cytokines such as IL-1a.,
IL-1B and IL-18. Under these conditions, various pattern recognition receptors, such as
NLRP3, NLRC4, and AIM2, form multiprotein complex called inflammasome together with
procaspase-1. Caspase-1 activated in the inflammasome cleaves gasdermin D (GSDMD),
whose N-terminal fragments then form pores in the plasma membrane to induce pyroptosis.
Caspase-1 also cleaves prolL-1 and prolL-18 to convert them into mature forms. During the
process of pyroptosis, prolL-1a is also converted into its mature form in caspase-1 dependent
manner. However, prolL-1a is not a substrate of caspase-1. Thus, what cleaves prolL-1a, and
how caspase-1 is involved in IL-1o maturation has been unclear. We found that GSDMD is
required for the rapid induction of IL-1o maturation by inflammasome activators. Ablation of
GSDMD abrogates the maturation of IL-1a, but not of IL-13. Maturation of IL-1a required
extracellular Ca?* and calpains. Ca®" influx and calpain activation are induced in a
GSDMD-dependent manner. These results suggest that IL-1a. is cleaved by calpains that are
activated by Ca*" influx through plasma membrane pores generated with caspase-1-cleaved
GSDMD fragments (Cell Reports, 2021).

We have found that KIF11 contributes to inflammasome formation and induction of
pyroptosis. To investigate the role of KIF11 in NLRP3 inflammasome functions in vivo, we
are currently investigating the effect of a KIF11 inhibitor in mouse obesity model, because the
role of NLRP3 inflammasome in obesity-mediated metabolic disorders has been reported.
KIF11 is known to play an important role in spindle formation and chromosome segregation
during cell division. Phosphorylation of KIF11 is required for this function of KIF11. We
found that KIF11 is also phosphorylated after NLRP3 activation. The importance of KIF11

phosphorylation in inflammasome formation is currently under investigation.
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1. A\ b= %Téﬁx&—q/m)mﬂmm)mﬁim%%k E| DT
SEERRERYL 7 DIz L W IEM L SN A8—F 11X GSDMD AUl L. Z o N Kk
FOMIEBEIZALZ R T D2 e TRAf e b=V REFHEETLH, "M h—TU AZ D
Lic~v/n7 7 —U7 8 Tld, IL-1a/B. IL-18 72 EDORIEMEY A b I A 2 DSHiBRART
5 R C iR S, GSDMD MRk L4l bl &b, IL-1f <0 IL-18 Dk
BUIH ANR—F 11T Lo TaE SN2 23, IL-1a DFREEREIZ OV TIERR R 813 %
Mo T, Fexlx, GSDMD JERK L7z aE DLy S Ca> DAL Z 0, Ziul k-
TIEMEL ST N SA 8 Tl-1o DR < Z & 2B 522 L7z (Cell Reports,
2021), Mz T, GSDMD Zi{EMALT 287 w7 7 —EB DR LTV, T ORER,
b DT ANR—EDMEH K 3F — 25 U C GSDMD Z{EME b2 2 L v
o7z, G, FOFEMR S FHETCERPER T S ITT 5,

2. HERRGEISEIZBIT D' —% —EH KIF11 O&E| O
KIF11 & NLRP3 ® U > 7 % in vivo TIRAET 5 BT, BEKKF D5 F 31 HEHH=
OBRET HET L~ T A (db/db) DIFERE, A > A U VEEZMEAY KIFLL A >
EE X =% E5ET5Z L THETDHUVAT LAEZFHIETCWEEE, ~ U 205
Mt 7z BT A NLRP3 {EMAL 2T L7c, S ENEEIE. &Y a FEEEFE SR
lii~ v ANERAR R TR & | IEERE R~ U A TILHE L T D caspase-1 DOTFH{EA
KIF11 [HEAI 52 L > THIHl STV b 2 & 29 i 2457, invivo T KIF11 73
NLRP3 BB GT A L 2RmTHNRT -2 ThbhH B2 D, 5l&kix, BT
TLv 7 A (db/db) DY 7V AR IETE X | caspase-1 DIEVEL Z fENT9 25 T 1E,
F7. FEEARIZI VT KIFIL DMERET 2720 E E S U U IR{bEAGA, NLR
FBIZIS U TCTH KIF1 ICAD 2 & &2 LT, KIF1l OF—%—% 237 L L TOR
REDNHARREISEICMHATHL b2t T — 2 EERX D, %47 I AR KIFL
B L BUEEEF O KIFI1 /v 77 U Ml 27 A EfAE D TY B EL
DEEMEZWIECT 2 T,

3. A b= ZMIfEA BT DM U X7 U 7 BEGE NS O AT

Tk, A8 b=V 2% L-MEORE BEPIc~ 7 87 7 — Y ORIIENIC K

GQulL7z U 27 U 7 B OH5E 2 0 3 D754 f L. :@?ﬁ‘@fz?ﬁb\ 2 DA EEY 7

[FE Lo, AR, 8558 REPICE EN 2K E O HPLC HEIC L D EE A ATV
ST, VAT U TG~ 7 AET VZHBW T, invivo ’CZWF@ IRV AT YT O
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Mediates the Maturation and Release of IL-loo Downstream of Inflammasomes. Cell
Reports, 34: 108887, 2021.
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[ Abstract]

Our research is focusing on 1) discovery of new physiological function of MET/HGF receptor,
2) mechanisms of metastatic niche formation by HGF-MET activation, 3) drug discovery
based on cyclic peptides and protein engineering. Our research progresses in 2021 are
followings. (1) As an innate immunity, infection of RNA virus induces inflammatory cytokine
production in epithelial cells. We revealed that MET intracellularly facilitates MAVS
aggregation in mitochondria, which induces inflammatory cytokine production, MET tyrosine
kinase activity is indispensable in this innate immune response. Promotion of innate immune
response is new function of MET regulated by non-canonical kinase-independent mechanism.
(2) In the model of lung metastasis, the processing from precursor HGF to active HGF
occurred in the lung before the colonization of tumor cells. Newly generated HGF activated
MET in epithelial cells and induced expression of genes closely involved in metastatic niche
formation, and metastatic niche formation was suppressed by selective inhibition of active
MET. Processing of HGF, rather than de novo gene induction, in dsitant site facilitates MET
activation which promotes premetastatic tumor microenvironment formation before tumor cell
colonization. (3) Employing Lasso-Graft technology which confers new binding properties to a
variety of protein scaffolds by functional insertion of macrocyclic peptide pharmacophores,

immunoglobulin Fc-
synthetic aMD4-Fc
MET agonist %

HGF

based receptor agonist
(right figure) and anti-
transferrin antibody-
based receptor agonist
with long circulatory
residency and the
blood-brain-barrier
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penetrance were

generated. S g e B e
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DAL D, HEHARIC B W TR Z AT A2VNRERE (=) MBS
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i, 12X > TMET IEMALEEZ & DIEMER HGF (A SN 5, BEMEEANEO it
BEFAEMITRE LT, MEERICHEST - TIEEH SRR FOERIC X 0 i F R/
TOWEMR HGF ~D 7' vt v o7 & MET IGMELD3 A 5415 Z &, MET {&MAL
LT =y TR G T 50 FREORBLN LR35 2 &, MiRAT CoOEME
i HGF ORI E T 2 ME 25 2 & 2 A L2, @i To HGF o 7t
NS y FIRICEEZ R T B 60D GasCERY) o

3. Lasso-Graft % H\W 72 @HHE MET 7 2 = A MRl
MET 52 2 AR R A L Z msgl A PEfs &9 2 BR R 7' F Rl (aMD4) % Fe 731
ICAFFT 2 Z LI L 5T, HGF LIRIEFRFIC MET 52 TG LT 5 % R0 8
(aMD4-Fc) %A% L7=, aMD4-Fc % Fc 4+ DOFeEIZE R 9 5 E 8 22 et %
R ENOEBHEEREICEAESZSZOND, £, aMD4EZHL N T AT 2
PRSI LI IK B 2 @im 9% & & b1 MET 8RR E 1L Tx %
7 A=A MEAIRK Lz GascBemd) .

4. HGF-MET &Mt &4t L 7= NASH t#
NASH GE7 /Vva—MEEIITFSR) (3IFEBOR TR EEEN L, ARhkeEK
M7, NASH €7 /L~ 7 A % T HGF [IHRE A - ®es, Minstasl, R5E
MHNCB DL 2 BB TREORBLZFE L, JRERED & SAEMHIZ /T LT NASH JifE
EUETH I EE R L, MET B EIZ NASH S8 125720135 GasCHE ),
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2. BARGIEINEICE T D MET FifkrE DO IEEER I 1T 2 B

3. MET S IRIEHAL OREE X A F- 2 7 A DR
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[ Abstract )

Malignant brain tumors have an extremely poor prognosis regardless of whether they are
primary or metastatic, and overcoming these devastating diseases is an extremely high social
demand. In the case of brain metastasis, spatio-temporally diverse interactions between cancer
cells and glial cells play very important roles in its progression. In the previous study, we have
developed a simple and stable culture method of primary astrocytes and microglia (mixed-glial
culture on/in soft substrate: MGS), which enables long-term analyses of cancer-glia interactions.
Through drug screening with MGS co-culture system, we identified metabotropic glutamate
receptor 1 (mGIuR1) as a key regulator of cancer cell proliferation in the brain
microenvironment. mGluR 1 is a G-protein-coupled receptor belonging to group I metabotropic
glutamate receptors. The expression of mGluR1 is almost limited to the central nervous system,
and cancer cells usually do not express this protein. However, we found that a mGluR 1-specific
inhibitor, LY456236, strongly suppressed the proliferation of cancer cells when co-cultured in
MGS, while the drug has no effect on mono-cultured cancer cells. As molecular mechanisms,
we found that mGluR 1 expression is induced in cancer cells through interactions with astrocytes,
and that cancer cells with induced mGluR 1 expression show enhanced dependence on mGluR1
downstream signaling for survival and proliferation. These results strongly suggest mGluR1 as
a potent therapeutic target of cancer brain metastasis. On the other hand, 3D-live imaging of
cancer-glia interactions in MGS revealed a microglia subpopulation that shows strong cancer
cytotoxicity. Cancer cell death induced by these tumoricidal microglia is cell cycle-dependent
and most of the cells die in S/G2/M phase or within 2 hours after mitosis. We found that the
cell death is mediated by caspase-1 via inflammasome activation in cancer cells and is
completely independent from phagocytosis by the microglia. Our studies with MGS co-culture
system have been revealing a series of previously unknown, multifaceted interactions between

cancer cells and glial cells.
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~ 7 R AT IR Sk 2 ) T M o0 BT R 2 R 2 BRI AR TR (MGS % ¢
Mixed-glial culture on/in soft substrate) % f#37. L7z (Ishibashi et al., under review), Z D
MGS HEE#IEEZ WA A 7 UV —= 7120 DA OERICEG 35 &
BZONDEBONT « VT T IMEERKZRETHZ LB LI, Zhbd)
B, KR NV—T TR 7V & X s 52K C & % metabotropic glutamate receptor
1 (mGIluR1) 23S/ NREEIZ I T AMIRL DA & BERRIC B B2 5 Z & %
R L7, mGRlIZZNA—F TRFFR N4 I V2 RIRICET D G Z o3y Bk
BZHERTHY, FHRAPRRICBW T L-ZAE I VBBOZRIRE LTV 7 A 5E
(2B LT 5, mGluRl OFEFUTNTIFTHRARRICIR B TR Y | A FEDS Mk
IZBWVTH mGluR1 DFBLUIITE A ERD LTV, & T AN, MM ER
B T Tl a< RO 720y mGluR1 BLFAIDY . MGS 5528 N2\ TEA Asiiad
B AR < T2 Z E RN E o, ZONTIELE LT, TA g b
& DMENERIC X > THAMIIZ mGluRl OFEHNFEIND Z &, mGluR]l DOFEEH,
INFHE ST VA T, Mg EAF - HEIZEA L C mGluRl Rty 7 F/b~d
BTN L TS Z L 2RBT 57 — X 2457, LLEOELRED S mGluR1 123
PR R LR ) DBR ) R IR IR 0 F Ch D & B2 b, BlfE, Hie DT
BITo>TWb, £7- MGS #8IEEZ W3 RITEAA LT TAAL A=V 7Tk
V. MGS FIZIZFRWA MG EEREZ AT 2I 70 7 U T BRFEEL TWD Z & A
bnkipole, ZOI7ua Y TIZL-> TEE I DMt E R Ch
D, DAMIBOIFEAETXS/IG2ZME S L < 1TSS 2 REE LANIZ IR T 5,
B REZ LT, ZOMIEIITA 7 T~ Y — %I LTz caspase-1 DIEMEALIZ L -
THEIN, IV TICL2B8RBLIFEBFRETHLIZ LT LNE RS
2o BUE. NEEAIUEENE 7 0 2 7 OARRE & 2 AMKSE DO FEMEICR L TH
IR B EHED TN D,
2. INRFRRIEA A RO EME S B~ OIS H

EIRKFE TAFIEI AR B Lk Bl i Ll obFEMEIC LY . ARES
PEDENMEA A RAA (zwitterionic liquid : ZIL) OAEMFEMFEYEF~DISHIZEET 5
Wge D TV D, ZivE TICHIaBE RFAl & L CoiE k. (Kato et al.,, Commun
Chem 2021) . 3 X OSEEULAW & W= SRS A 7T F L BIF| DB %
(Kadokawa et al., Sci Rep 2021) (Z%Eh L7z, BifE. #Hf#% + PDX (patient-derived
xenograft) D22 EHIHRAGERATOMG 1+ N7« AEIND @R AE R, iPS Ml 2 &
TR ZE N B~ DS 2D DD, T B EHENT DD DERKFFER
F v —BEONL EIFEIT-o TV 5,

_42_



[ &F 28 26 #& ]
<FERKFmL >

J

(I [FAFFE)

1. KatoY, Uto T, Tanaka D, Ishibashi K, Kobayashi A, Hazawa M, Wong RW, Ninomiya
K, Takahashi K, Hirata E*, Kuroda K*. Synthetic zwitterions as efficient non-permeable
cryoprotectants. Communications Chemistry. 4, 151, 2021 (*co-corresponding author)

2. Sharma G, Kato Y, Hachisu A, Ishibashi K, Ninomiya K, Takahashi K, Hirata E,
Kuroda K. Synthesis of a cellulose dissolving liquid zwitterion from general and low-cost
reagents. Cellulose. doi.org/10.1007/s10570-021-04185-y, 2021

3. Kadokawa R, Fujie T, Sharma G, Ishibashi K, Ninomiya K, Takahashi K, Hirata E*,
Kuroda K*. High loading of trimethylglycine promotes aqueous solubility of poorly
water-soluble cisplatin. Scientific Reports. 11(1):9770, 2021 (*co-corresponding author)

<FERFR>

1o S TINUNRERIS & 2 M s A id O MR ERME ] 7+ — T L8
W TR 55 53 18] WFgEs (FEfmRE) (Bl - 22 74 o 0HE 2021 425 1 11
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2. LB AT FH BEE THEL in vitro JEEEEE R 2 T2 ISR I N BR B & TR K
O MMAEAAHAEH O] 2021 5 SSwmE T VEWSHET T v B 7 4 — 4
FHEXEEMG#EES BT 4 B 202149 H 6 H)
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XET T v b7 A —h BHFEEEGEE S (R=2 0B U L) (AT A U
fie 2021429 H 6 H)

4. 41 A" B, FH #J& [The concept of cancer associated glial-network in brain
metastasis| £ 80 [A] H AR FEFRE (Bl - 2714 OfME 2021 49
H 30 H-10H2H)
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7. Eishu Hirata “Multifaceted interactions between cancer cells and glial cells in brain
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(Kanazawa and hybrid online, 26 Nov 2021)

< IR E >
FERA 2021-004142 [EAKEY). WRASHEEY) . M ONEAKER) O 8 575
HE . FH RE

<HEEL>
1. JAERFIE (B) [WFZEMUERE : EH  &JE]
(78 ABRERFE U NBR B 5 F S O f B BB 1R IE A~ IS M) 5,330 T-H
2. MSD AmAFEM AR - BNAME  (WFRRES  FH 5]
MERRE T35 1T D DS AARRKEYE - INHIPET 2 h et oA FoFE] 1,500 T
3. AR FRRES - A A9
DB in vitro JER5# R 2 F W7o IR0 MR BE A TR RIS 2 MR B4R AR FH O i
BH) 1,430 TH
(PN 42)
4. T s K 2020 [WFFEAREE - BE A OFEOHE  FEHE RE]
(A A MM BCEFHT 274 7 A= 2] 3,000 TH

<Z DAt >

(EEgY AR Y7 LFRE)

Kanazawa University SAKIGAKE International Symposium “Aiming the fusion of chemistry
and life science” (Zoom online meeting, 8 Nov 2021)

(7o~ —FiGE))
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