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[ Abstract )

Various molecules derived from pathogens and damaged cells collectively called pathogen
associated-molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs),
respectively, are sensed by intracellular pattern recognition receptors (PRRs) including NLR
family proteins (such as NLRP3 and NLRC4) and AIM2. These PRRs together with the
adaptor protein ASC then recruit caspase-1 to form a caspase-1-activting signalosome called
“inflammasome”. Activated caspase( /1 then catalyzes proteolytic maturation of inflammatory
cytokines including IL-1f and IL-18. Caspase-1 also cleaves gasdermin D (GSDMD), whose
N-terminal fragment forms pores in the plasma membrane that cause necrotic cell death called
“pyroptosis” and release of mature IL-1p and IL-18. On the other hand, we previously
reported that activation of caspase-1 induces apoptosis in GSDMD/[ Inull/low cells, and that
Bid plays a critical role in the caspasel 1-dependent apoptosis (Nat Commun, 2019).
However GSDMD and Bid double knockout macrophages still exhibit delayed and
caspase-1-dependent apoptosis in response to Salmonella infection. This year, we identified
caspase-7 as a signaling molecule responsible for the second pathway of caspase-1-induced
apoptosis (Microbiol Immunol, 2020). In addition, we reported that mycoplasma-derived
lipopeptide induces IL-1p release in a GSDMD-independent manner in collaboration with Dr.
Saeki of Hokkaido University (Immunology, 2020). These studies uncovered novel
GSDMD-independent responses mediated by inflammasome.

We searched for a novel molecules that are involved in the inflammasome signal
transduction using shRNA-based library screening. As a result, we found that a
kinesin-related molecular motor KIF11 plays a crucial role for the NLRC4 and NLRP3
inflammasome-mediated IL-13 release and pyroptosis. Interestingly, KIF11 interacts with
caspase-1 and NLRs including NLRC4, NLRP3, NLRP2, NLRP7, NOD1 and NOD2. These

results suggest that KIF11 plays a critical role in the NLR-mediated innate immune responses.
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1. BANR=FBIZL DT R b= ZADOFHED oy 1K DR

T AR—=F-1 FEMET RN = ZAOH “REKEZH S > 7T ni@Esy & LT AR
—+¥-7 Z#[A7E L7= (Microbiol Immunol, 2020), F7-, db K - QS F+AMFHELE O
HFRIFZET, v~ 27T X~k Y KT F K28 GSDMD FEEIFAIIC IL-1p DJiktt %
B Z L AW L2 (Immunology, 2020), & 512, GSDMD {KFEHI 7R L3 A o
EMEERA 7 T7<= Y — LD TR CTHEIND IL-1aD A IC B E 7B 2 K-
Z EEW BT LTz (Cell Reports, 2021, accepted) , 5%, ZAVE TITo TE 7o AN
—CHEMMIE ORI E S HICERB S TR0, M 0 b=V R E2HET L0
T 7 =B ESZERIFEIPRI B RE L, WREIERIZEB T 5T O&E ZRETT 5,

2. BRGEISZICR T 5 E— % —&EH KIF11 O E|DOfEYT

SiRNA (245 KIF1l OFBL ) v 7 X2k - 7T KIF11 A > b B X —/LER[EEE,
NLRC4 1 LY NLRP3 il CAE S5/ A v b —3 2B LV IL-1BREAE D ] S
5L aER LT, £72 KIF11 23Mfidd NLR 7 7 X U — A > N—NLRP2 ¥ X T NLRP7
EHRERTHI L, TOMANEKELADNOD RAAL U ENTDHI EaMERLIZ, Zh
FCTOHA LS, KIF11 28 NLRC4, NLRP3, NOD1, NOD2, NLRP2, NLRP7 D&
RICBE G- 5 Z LRIz, %A —F 7 7 a9k (AID system) 12855
BN EIRBIEE Y AT LA EEA L, KIF1l OEEE L0 7 U TICEFAT 5 2 L &
R D, Flo, KRNI E L TEERRFOASR LR FHEERR O B RA T DT T v
~ U A (db/db) DIMIFERE. 1 AV D KIFIL A e X —2 & 5352 &
TWHET DV AT L2 SETIEE, ~ U ADO[ENiHER, Mg D2k %z 5 F  NLRP3
OIEMALFEIE A2 JET D Z & TKIF1L £ NLRP3 DU > 7 % invivo THAET 5 2 & %
RN

3. A b= ZMINEA BT DM U X T U 7 BEE NS O AT

Forlt, Ao b= 2AZEZ L-MROEE BisTic~ 7 a7 7 — Y ORI
e L7=U AT U 7 O Z 03 5352 R L, Z OIEEE W S 298 % FE
Lic, ZOWED Y 27 ) 7 MINEETEIHEEEZ A — F 7 7 O—DAFANC L - T
M SNz, S5, ZOMETUE L-~r/n 77— AT ) 72K SE 5
EHIRNO U AT Y T RA— K7 73— D= —ThHDHLCINTA Y/ — L
D~—J1—Td 5 Lampl LILRBETHLHENEM LI D, ZOWEITE 7
7= (A= 77 OB L AME R EORREE 5fR) (ICL DY AT YT OHERR
ZRET HZ LT MIENY 27U 7 ORIEZ T 5 2 LR E Lz, 4%, Y
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Mahib MR., Hosojima S, Kushiyama H, Kinoshita T, Shiroishi T, Suda T, and Tsuchiya

K. Caspase-7 mediates caspase-1-induced apoptosis independently of Bid. Microbiol
Immunol. 2020, 64(2):143-152
Tsuchiya K, Hosojima S, Hara H, Kushiyama H, Mahib MR, Kinoshita T, and Suda T.

Gasdermin D mediates the maturation and release of IL-la downstream of

inflammasomes, 2021, Cell Reports, accepted

(FLFEIFZE)
Saeki A, Tsuchiva K, Suda T, Into T, Hasebe A, Suzuki T, and Shibata KI. Gasdermin

D-independent release of interleukin-1p by living macrophages in response to

mycoplasmal lipoproteins and lipopeptides. Immunology. 2020, 161:114-122.
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Tsuchiva K, and Suda T. Gasdermin D mediates the release and maturation of IL-1a
during inflammasome formation. &5 93 [A] H &AM Tk 4 d =M, 2020 422 A
20 H

Suda T. Switches between apoptosis and pyroptosis. The 15th International Symposium

of the Institute Network for Biomedical Sciences and The 6th IMCR -Symposium on
Endocrine and Metabolism-. Cutting Edge of Biomedical and Metabolic Sciences. Online
Meeting, Nov. 5-6, 2020

1= %A1, ASC and NLRP3 maintain innate immune homeostasis in the airway through
an inflammasome-independent mechanism. % —[B] #ifd % = = % 77 A . Online
Meeting, 2020 4= 11 H 11-12 H

Kinoshita T, Tsuchiya K, and Suda T. Kinesin molecular motor Eg5 functions during
innate immune signaling. £ 43 [B] A AR5y 149 F434F4. Online Meeting, 2020 4 12
H4H
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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 2020 are
followings. (1) Intracellular transfection of non-self RNA into cells induced inflammatory
cytokine production, but this was reduced in MET-knockout cells. Consistently, RIG-I, TBK,
and IRF activation was decreased in MET-knockout cells, but it was reconstituted by not only
wild-type MET but also kinase-dead mutant MET. MAVS aggregation in mitochondria, which
induces inflammatory cytokine production, was reduced in MET-knockout cells. MET
receptor participates in innate immune response upon RNA virus infection independent on its
tyrosine kinase activity, which is new function of MET regulated by non-canonical kinase-
independent mechanism. (2) In the model of lung metastasis of malignant melanoma, 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 genes closely
involved in metastatic niche formation, including S100A9 and MMP-9. Tumor cells induce
processing of proHGF to active HGF in distant lung and MET activation promotes formation
of premetastatic tumor microenvironment before tumor cell colonization. (3) In malignant
mesothelioma, MMP-2 expression was correlated with the 3-D invasiveness, and CBX6 in
polycomb repressive complex regulates genes involved in tumor invasion, including MMP-2.

CBX6-knockdown induced MMP-2 Canonical Non-Canonical
expression and tumor invasiveness. Participates in innate immune
. response to non-self RNA/
Consistently, CBX6 was constantly RNA virus infection
RNA virus
degradated upon ubiquitination in %
invasive but not non-invasive cells. \ | poly Ic MET
CBX6 was localized in the nuclei in o ¢ ! 1 :
benign mesothelioma, but the (E ‘y ‘b O
nuclear CBX6 was lost in patients — XNV non-self dsRNA e
. . . . -.-_- RIG-I independent
with malignant mesothelioma. Thus,  kinase-dependent
proteasomal degradation of CBX6 i
) . . *B €~
promotes tumor invasiveness in cytokine M
. . roduction
malignant mesothelioma. P g - IRE3
IRF3 mitochondria
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1. Non-canonical MET #&#% % I L 7= B SR G022 il 4]

MET KIEBHE TOMHT 226, (1) RNA 7 A LV RAEGL 283 5 IE A O 2 A8 RNA
DOHIBENE A X0 RIEVET A N DA VEEAENFE SN D HREISENEL MET
KETIEFT 5 Z L&, 2 RIG-L, TBK, IFF ®iEME(k, 2 b2 KU 7HETO MABS
BEEEE, WTivdh MET REBECIRTT 52 &, (3) BARGEENEX MET Hijg
NRALCHEEGETLHDD MET ZFERTFr o FF—BiERIKFEL RN &
PR LU, SRERF O o — B OABEEIT TR TF oy o —BiEE
IETFELTCND EEZLILTWD, MET 2K %Z I L7z 2 ARE8{ RNA HIRGEISE
IX, MET O LWAEBRBECTH DX 2, Fr v —¥IEEFEN non-
canonical > 7 VR AN L CRIEIN D Gax&ERmT).

2. tcHGF £k & 23 AR NBR BE T ik
HGF [ZAEMERTEEA HGF & U CRfasMZ it « Brid S, FRRP7R ety v v
7N & o T MET i&MALREE & OfE MR HGF (C A S 5, Mk A HE O fififis i &
TNERNT, =y FEMRICEIT 5 HGF-MET 2 DR « BE&RA M L=, JE
AR DRl ~DAFE TSN - T, TS HRAF D2 X0 SEIE A #ifL T o HGF
PEATHE LIEMER HGF ~D 7't v v v 7 LB BRI CTD MET JEMAL A 7
Hivlz, METIEMHALIZ & » Tz = v FORKICE 57 2B OB T HEOFE
DFRD B, HGF HESH H WX MET / v 7 7 U MIEBZHE Lz, Wik
TP HGF AR = v FRRICEE Z Ri-3 &2 o bd GasUHEmT)

3. M Rz B ORI

b M R EA A 0 3-D IR ER TR - FEREMEIC KB S, IR TEEE I MMP-
2RBUKTE LTz, T a®—X—firnDs, MMP-2 RBELOFEE 7255 703K ) =
— LEARD CBX6 1TV IAE N, IR TO CBX-6 / v 7 X7 & -
T MM-2 OFRBIFHE L EEESE R AL, —F, REEMRETCE e Tr T Y —
LA LT IEE BRI Z 0 CBX-6 DFBIHAL, ZHICTKYD MMP-2 3l L iR
EVEERICED Z LN bhoTz, F72, EFTE TIX CBX-6 DENFRIENRD S
DD LT, MM Rz AR Tk CBX-6 DHFE 0 i, CBX-6 /) fifidE
PER R IERBE TORVIRTEMEICE G35 & 2 5415 (Scientific Reports, 2020)
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1. HGF-MET % &/ L= Alinf it = » F IRk

2. HiP-8 2037V — /L & T 54 A— 2 Jik A

3. BARGIEINEICE 1T D5 MET #riRE O lESER IS 1) 5 E R

4. HIRGIZISENZ I 5 MET OEIRIEICE 4 o1& & A X 7 AWF5E

5. MET S FRTEHAL OREE 2 A T 7 ZADOWFE

6. BRIRTF K graft |2 X 2% EkEHE MET U > R & X7 H ORI & 3 O RRFE
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Sakai K, Nishiuchi T, Tange S, Suzuki Y, Yano S, Terashima M, Suzuki T, Matsumoto K.
Proteasomal degradation of polycomb-group protein CBX6 confers MMP-2 expression
essential for mesothelioma invasion. Scientific Reports, 10: 16678, 2020. doi:
10.1038/s41598-020-72448-y.
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Umitsu M, Sakai K, Tamura-Kawakami K, Matsumoto K, Takagi J. The constitutive high
affinity Met binding site in the kringle domain is dispensable for the signaling activity of
hepatocyte growth factor. J Biochem, 167: 577-586, 2020. doi: 10.1093/jb/mvaa006.

Wang R, Yamada T, Kita K, Taniguchi H, Arai S, Fukuda K, Terashima M, Ishimura A,
Nishiyama A, Tanimoto A, Takeuchi S, Ohtsubo K, Yamashita K, Yamano T, Yoshimura A,
Takayama K, Kaira K, Taniguchi Y, Atagi S, Uehara H, Hanayama R, Matsumoto I, Han X,
Matsumoto K, Wang W, Suzuki T, Yano S. Transient IGF-1R inhibition combined with
osimertinib eradicates AXL-low expressing EGFR mutated lung cancer. Nature Commun,
11: 4607, 2020. doi: 10.1038/s41467-020-18442-4.

Kajiwara K, Yamano S, Aoki K, Okuzaki D, Matsumoto K, Okada M. CDCP1 promotes
compensatory renal growth 1 by integrating Src and Met signaling. Life Science Alliance,
in press.
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Sato H, Suga H, Matsumoto K, Sakai K. Cyclic peptide-based biologics regulating HGF-
MET. Int J Mol Sci, 21: 7977, 2020. doi: 10.3390/ijms21217977.
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Mizutani S, Matsumoto K, Kato Y, Mizutani E, Mizutan H, Shibata K. New insights into
human endometrial aminopeptidases in both implantation and menstruation. Biochim
Biophys Acta — Proteins & Proteomics, 1868, 140332, 2020.
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Vet v, SATEE, REHEF, KEIEM, 7 Lok, SsPUGESE, ke,
KEFER T, InAFR K. HHMBEE B LI OB DA BT H1EMR HGF D& E]. 5

79 [l H AFE PSS, 2020 4E10 A 1 H URE)

AFTRE, W vath, R, IARH R, i B g LR E SN~ HGF Z 51K Met |C
BIFDIA B AZERAK (V3T0D) OFENTH 79 18] H AR FE K4, 20204510 A 1 H
(A 5)
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JEF- [ B CRLE O EDOBSE. B 72 Bl AARIAE R RS, 6 A 9-11
H Cit#R)
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1.

W, EATE—, B0, SEHEK, IMAFE R MET 5 BAR0D N 2 i LA
M. 5593 Bl H A LA RS, 2020 4E 9 A 15 H (Biik)

2. Kunio Matsumoto. Cyclic Peptide-based Drug Discovery Regulating HGF-MET. 7R
UL “RFREO AR Up to Date” 55 63 [0 H ANE IR I FFEIRFMTES, 2020
10 H 13 B Ok

3. Katsuya Sakai. Artifitial Met agonists based on macrocyclic peptides and protein
engineering. The 15th International Symposium of the Institute Network for Biomedical
Sciences. 2020 4= 11 A 6 H (Maebashi)

4. WAFREK. MR Z A TBEEDF-DISH O LI DEZ NG, T Farv3IT
—3, % 65 [l AARAIHER TGRS -2, 2020 4 12 H 3 A () .
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1. IRAHERR: IRHMARDS AV ERAIAEMT7EF2E (P-CREATE) [ A A= 71E FHAIZE O
JESD BB RO DS — AL RPN A S AT ADOREEE L FE i | (S HH R
&) THt HGF FERER IR R T T ROA A= 715 AAIZE | (50H) B2 8,200 T
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1,500 FH

5. {HEFHth: BEartEaibhae BBEFE (C) TEBERET'FRE AFM 45 1B e
128D MET 2 BRTEVE(L O CildE ) (1432) B 1,200 T-H

6. Ve Bt B e B TR IRBRERIRA T T REZ WY — L &9 5R1R

BEA 7o SRR AT IE DB RS ) (1R3R) R 2 1,000 TH
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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. Interactions with glial cells, the stromal cellular components in the brain
microenvironment, are thought to play an important role in the development of malignant brain
tumors, however the details are still unclear. One of the reasons is that a long-term and stable
culture method for glial cells had not been established. Here we developed a stable and
prolonged culture method for mixed-glial cells (mixed-glial culture on soft substrate, MGS
method). In this method, astrocytes and microglial cells are cultured on an extremely soft
substrate (Young's modulus <12 Pa), which enables long-term culture of primary microglial
cells. In addition, we can retain the plasticity of astrocytes for a long period of time, which is
lost in about two weeks with the conventional culture method. Importantly, MGS closely
mimics the brain microenvironment and we found that there is a strong correlation between the
proliferative capacity of cancer cells in MGS condition and in mouse brain. Interestingly, we
also found that cancer cells cultured in MGS condition for a certain period acquire proliferative
capacity in mouse brain. Comprehensive and comparative gene expression analyses revealed
some key molecules/signaling pathways that implicate the proliferative capacity of cancer cells
in the brain microenvironment.

We also conducted drug screening by using MGS co-culture system and identified multiple
molecules that strongly affects cancer cell behaviors in the brain microenvironment. Now we
try to link the in vitro co-culture system, preclinical models (mouse models of primary and
metastatic brain tumors) and clinical specimens to dissect the glial networks that support the

survival and proliferation of primary and metastatic brain tumor cells.
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1. U NERBEIZ K% DNMTI #1l 2SIMEsRE 23 AU O A7 EARIRIZBE 54 5%
TEMEALT 2 R et A N HROPRPER T & R D01 6 23 1 R A DS IR R
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v VTR s T I RS AR O A AE L RTINS B BT Z E S
METRo Tz, FEIZ DNMTL ZBHHNIC K> TS FEIND T A b— 3 2K
¥+ aB-crystallin OFEELD MR IRIR 23 AU MIRE D A fFERF I R 7% Bl 2o Z &
W GNERY | TNEENET 52 & TIHEDREE L S5 IR IRIRAS A AT i
ZBRR T D A[REMES/RIZ X u7- (Hirata et al., iScience 2020) ,

2. B U TEERIEDOMENL E S AR — 770 TR v U — 7 Off#T

~ U AR B 7Y 7 R o R 72 B IR ETE - (MGS 75 - Mixed-glial
culture on soft substrate) Z#ESr 35 Z LIZEI LT, RIETITZ U 7HllR 22513 5
Tl BO TR LN E (Young’s modulus < 12 Pa) THEEELTEBY., i
WZEoTINETCHETHSTHIRIBEEI 70 7V T OERIEEN AR L o7,
FIAEROEERE T 2 BERBRE TRbITWeT X et A s Ot 2 570 A
FHCE > TIREFT D Z & bAREE R . BAMILL 77U THlifla L DML R Y D
— 7 Z RWIMIZHE > THT9 2 2 & 23AHe & 72 o 7= (Ishibashi et al., in preparation),
Z D MGS HREE R A WA A 7 V) — = 7 80 AR O A7 & HEGE 2 BUE
THEEDOT VT Xy NT—INTEST « VT TV EERKEEZRIEL TR, 4%
W DREREMAT 2 D 5

3. TIVIR R IUEA T A RAR D BT B~ DI

EIRKFHTAEEAEMBE TR BH S0 Bheod@isticky, e 2FY
HERIAE I A FE MR D CTEMRE SO @O IMEA A LRI (zwitterionic liquid : ZIL)
R LT, ZIL KIRHITER 2 7o FFRIEVESAN T 2B & 72 0 . DMSO Z ¥
ELTHWLZERTERWS AT TF KT HEEE L THIEEET 52 & 23
&l oT-, E7- DMSO (MGG PRAFEF M~ DO TMA OKEETEABT LA & L
TIRKFIH STV D23, ZIL (THIESMZ I T DMSO K0 & R BT B AL 7= sl
RN R A2/ T D 2 ERHGL N E 22 o572 (Kuroda et al.,, Communications Chemistry
2020), BifE, [LFAEEDOWERCIRGIKIEDOIER, HigBoRk#Ekic kv, ZhET
IK#fC & - 72 fif#% - PDX (patient-derived xenograft) 0% & HJHAE ATk 1 « INF- »
SAGIND E R HAEIRAE . RITEREHERF OBLE > & DMSO DO A =il S 415 ES
M - iPS HlNE Z & Tei e e B~ DI H 2 o T 2,

T O, FERFEEIEF IR ENTERT - TR L e ok FEEE LT, 7

U A —~<pilifa 220 & Uz AR U B esE Iz B3 2 098 2 Cancers 5612
J¢F L7~ (Kondo et al., Cancers 2020) .
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Kiyokawa E, Sahai E. The brain microenvironment induces DNMT]1 suppression and

indolence of metastatic cancer cells. iScience 23(9):101480, 2020. (*corresponding author)

(AL [FBITSE)
1. Kuroda K*, Komori T, Ishibashi K, Uto T, Kobayashi I, Kadokawa R, Kato Y, Ninomiya
K, Takahashi K, Hirata E*. Non-aqueous, zwitterionic solvent as an alternative for dimethyl
sulfoxide in the life sciences. Communications Chemistry 3, 163 2020. (*corresponding
author)
2. Kondo N, Hikida M, Nakada M, Sakurai Y, Hirata E, Takeno S, Suzuki M. Glioma stem
like cells can be targeted in Boron Neutron Capture Therapy with boronophenylalanine.
Cancers. 12(10): 3040, 2020.
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