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ACTA2 a-smooth muscle actin

ANOVA analysis of variance

BM bone marrow

BMDMs BM-derived macrophages

cC Coiled-coils

CD Crohn’s disease

COL1A1 collagen type 1al chain

CXCL2 chemokine (C-X-C motif) ligand 2
ERK extracellular signal-regulated kinase
GATA-3 GATA binding protein 3

H20; hydrogen peroxide

HE hematoxylin-eosin

IBD inflammatory bowel disease

IFN-y interferon-y

IL interleukin

JNK c-Jun N-terminal kinase

MAPK mitogen-activated protein kinase
MRNA messenger Ribo Nucleic Acid

MT Masson’s trichrome

NUDT9 Nudix Hydrolase 9

PBS phosphate-buffered saline

Roryt retinoic acid-related orphan receptor yt
ROS reactive oxygen species

RT-gPCR quantitative reverse transcription-polymerase chain reaction
S.EM. standard error of the mean

TBP TATA binding protein

T-bet T-box expressed in T cells

TGF-B1 transforming growth factor-p1

Th helper T cells

TIMP1 tissue inhibitor of metalloproteinase-1
TNBS 2,4,6-trinitrobenzene sulfonic acid
TNF-a tumor necrosis factor-o.

TRP transient receptor potential

TRPA TRP ankyrin



TRPC
TRPM
TRPML
TRPP
TRPV
TRPM2KO
uc

WT

TRP canonical
TRP melastatin
TRP mucolipin
TRP polycystin
TRP vanilloid
TRPM2-deficient
ulcerative colitis
wild-type



RIEVENZ . (inflammatory bowel disease : 1BD) (1L G 1@ 25 | Xk 2 97 JFU K R EA
DIRBTHY ABRFGERGZ (ulcerative colitis : UC) &= — (Crohn’s disease : CD) 23 DFE
BT D, UC DIFZEEIIRIGZIRRL TWHADIZRL, CD X HFENOALI £ TOHLE 2RI & 5
DINFHETHD, IBD DBELUL, AARZZ O 2 IO —ig%T-E > T% [1], Global
Data DEZFTICEDE, BHFUZIBNT, UC LD BB EIT 2022 4EDHK) 200 JTIEHIG
2031 4EETIZ 210 HIEBNIHIINTHES ., F£72 CD EZWrSHARERIE 2023 £ 160 FTIERIH
170 JHEFNIIGINTHEEM TS [2], IBD IIHERNBEICKIZEL BAZ &7 V7 Tl
IRNESILTET, Lol BARIZEKITS IBD BEEGITFHINL T, JEA 8 O VR ERED
PR AR - BER AR 1T E D e 2021 42D UC A H34Y 13 J7 8079 A, CD 4T 4 77 8320
ANEAFENTEY [3]. UC & CD &7z IBD AN BERTHHE, [EA T HE O &R O
IR TR BEHOZEREL72> TS (Fig. 1), L7ZA3-> T, BARIZEBW T IBD [3aALS
NI TIE7a<72h . B EZIRIZEBWTC “common disease” L7202 2B 5DNBRTHD, F7-H
AIZEBWTIE, CD 1% UC EHEL CEEEDV DR EFE#RSTRY, EE, CD B#HHIE UC BE
] U3 FETHD, —J7, 2018 FEEDKECHITS UC BEEITH 92 T A THHDIHL T CD
FREETH 80 7 A, FRINZEW T UC FBREEIEHI 69 )7 AITHLC CD A HUTHI 59 T AL7e-
THY, BKIZBWTE UC BEHE CD BEBIZEITR W [2), w2, 4% BARIZEWTH, CD
BEBOBEMPIREIIL TN,

IBD D2 OS2 E LT, IR, THIRCILE, FEVREDZT B [4-6]. IR R
e 3 D R EHML-PHAE L2 1D ZEFLOIRAER E DN | S 2SN D, FRIT, CD Tid, UC LIl
TN IS ETET D200 SIS A DHEIZLVERZITHY | 2241, P22, ik, S
DITIHBEILOTERRE D TBILND [7], SHE LG HOBE IERERICEBLNLBIZ THY
27— LI EORBIFRHEO BRI ST DD, Ll RIEDFHEH DT LEZ DL B
JEARHEDIBTRIZR EAEA A | IEF AR SR B S X0 | 1B 7 B Re ) MR C& 72
TR0, AR A ESPRETIT S A DFANTH D725 [8,9], UT4F, 1BD DIRFRIT e ifl#s LW
AN RIS ND AW FRIEAN 2 8 OBIGICIOREESR LT, LrL, ZNOEFT OFEYR L TH
2> Th, CD BHEGHAEE IR L TRERTHY | JRHIBRME LI B 2R FL, Peg, i | LR E DA
OHEICKIL TUE IFEAE DL A | Filizfadsngd [8, 10], £-, ZNOHOEPHERX, FAfIcEY
BIBRL Th | T OFBALIS SR - B I T 2282 b T, CD BERAHEEI L4 H
DEFRIZBNTRE MBS/ TND,
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IBD OJFERIIRIZA THHY, —MRINITBARN B LSRN EIR | B IR0 3 L O
DEF | SHITIE MR ST RERE IR T 56 DEBEZ 5N TS [1, 11], 7272Th, CD4 [
PEAIL =T (Th) HIKEY 7o THD ThUTh2/Th17 /RTADEE 7Y IBD OIFREIZIEL BT
WHEEH TS [12-17], CD 1%, Ao Z—7=r (IFN)-y oA Z—aA%F> (IL)-12 72X ® Thl B4
Y AN AL | SOITIINEEIEFE 1 (TNF)-a 728 OEAMPNBEE I ZBONDZ L0, Thl I6E
BB THHES TS [18], —J7. UC TiE, Th1 JEEITMA T, IL-4, IL-5, IL-13 72 D Th2
BHIEH A N A DEAEINGIROLNHZEND, Th2 JRELRE L TWAZENHEINTND
[19,20], =512, IL-17 PEAEIZEAEET S Thl7 %%)5% 1%, CD BL T UC Of#E OIFREIZES5-L T
LHZEDBRALNNI>TWD [21, 22]), Th17 MifdiX, IL-17 Z @b~V TREAEL [23]. RIEPEY AR A
VRTENALVFEAEIN LU TR~ 707 7 — VR RSB B B T 528128 RIAERGZHE
D& T ERHHOBEEEZHH > TWBA, Z O, 4 OIIEMEZ B OFREICR G- L T\ 5
DEZZ BTG [24,25], EBS, CD BE TIE Th17 MRS B E R L Qb ZE [26]. BE DR
ZEER 72 DN IR B CH I H IR S L L C Th17 MR KO Thl MR /5 Lk ERE A Mg L Tu
BENFLNE 25T [27],

~ a7 7=, MEERIRI RS D AMERD 1 S THY, BRI E =D EE/MIE T, 1
(B HRIEDTE F PEDHEFHZ BV TH AR K THS [28], IBD, 512 CD OFFHEIC~r/a7 7— UM
G EN R T2 L QOB Z SIS <IE S TS [29-31), AE#icIBW T, ~7r77»—1F Thl
BEO Th17 S B At S E 528 T CD OB RS TS [32-43], — 77, @R WL,
a7y —UISHRRE . VET V7B IO Th2 Sl n 4 3 DRHERIE AR 1D A AR S
HHZET, CD DIERABHSE 5L HHEDOBEEIGEICE 5T 5bDEE X HIL TS [35-37),

Transient receptor potential (TRP) /UL, ARG E2T D, (LT WE , B, 24, =281
BT & O = e 3 B SRR A A T 37 7 —Th D, 1989 42 ayvay
INED N2 RRIEIE BRR D R & 5+ L LT TRP BiaF 23 mESH TLARE [38]. TRP T Rr/Li#l
WMDOZREDLDEL THERET 21 ORFIMS 2% OB E AR E OB 5T 20 D7 E |
B2 IR DNMFAE T DML Ao TET, TRP F ¥ /WS EERE DI FLEE £ ClRIAS B A
\AFIET DI F AL AF L F ¥ FLTHY, EMZEWTIE TRPC (canonical), TRPV (vanilloid), TPPM
(melastain), TRPA (ankyrin), TRPP (polycystin) 333U TRPML (mucolipin) @ 6 >DH777IU—)»
OAERRSILTND (Fig. 2), ZIVETIZ, ZRHOH 7 77—l @ 354 27 FfHD TRP Ty
[FESITIY [39, 40], RHDITELAE DMIFITFEELL | £f % 7224 FREERE O FHETCLR RO RE D
PN G- D2 ENHIHILTUND,

TRP Melastain 2 (TRPM2) (&, BB ANEMAOBEMEE ISR EF]T2 TRPML S RS
TRPM $ 7773 —D—2>Th5 [41], TRPM V77 7 — | IR BIEMN-CHEREN ST L AR ThH DT
EDVNSITIY, IEMERETEC ATP 2MEA T 5L TR LS, Fr A3 58N T0s,
ALETIZ, TRPML K> TRPMS (GO ML I BhE L CRBLNZ LT 528 [42, 43], TRPM3 [I4#
BAT AR LI X0IEM L&D L [44, 45]. TRPM4 <° TRPMS (AN Ca®* i 5 (C B
TUWAHZ L [46-48]. TRPM2, TRPM4, TRPM5 LT TRPM8 (TR A b/ Sl I0TEMHIb 3528

3



[49-52] NERESI TS, HEERIZREFHEEL T, TRPM 773U —(% N RK##SK) 700 72 /20 TRPM
77 —REuY—fEklta /LR (CC) KA, F7= C Kl TRP-RyZ A, CC KA &H
LC%, TRPM 773 —REn P —fHIROKEN DOV CUIRHATH LM, C Kl i1F5H CC KAL
NIV T 2=y FOEERT ¥ RV D JFTEIC B 5T A2 ENHESIL TS [53], EHIZ TRPM2,
TRPM6 LT TRPM7 (Z C Rl B &L THERE T 57 /iy 2L TV, K312 TRPM2 1% C
Kt Z pyrophosphatase {£H%49% Nudix hydrolase 9 EF—=> (NUDT9 motif) LFEEND T /ik
FCHIDMFAEL TS [54] (Fig. 3),
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Fig. 2. Evolutional tree of TRP channels
Matsuura H, Sokabe T, Kohno K, Tominaga M, Kadowaki T. Evolutionary conservation and changes in
insect TRP channels. BMC Evol Biol. 2009, 9, 228. #Z#|Z{EX



WER{L/KSE (HOp) 72X OIEMEERFERLL, TRPM2 @ Nudix &F — 7 ZE YDV T ADP V7R —
ADFEEZIT U CHBERNIE A5, Fz, R K RIIIRa R T B LOBEMNICI T DR LA
L A28 Adipose differentiation-related protein (ADRP) pEA:= - it A-IEtEL . Z> ADPR % %7= TRPM2
7 NUDT9 motif |Z#5 A 952 T TRPM2 MEMALT 22 &3S [55], Nudix EF—7
OFEMALIZ TRPM2 288 O L, MR/ BHIMNIC Ca* i ASHE 5 [56,57] (Fig. 4.), b= RUT T
® ADPR A - IEFBERET OFEMIZ AR THLH08, BN TIEL DNA HEEIZEXL | poly (ADP-ribose)
polymerase-1 (PARP-1)/poly (ADP-ribose) glycohydrolase (PARG) #2354 5EE 2 B TCA,
ZOIIZ TRP 77 —DH T TRPM2 [HIEMEER 2L DEL AR Ao TEME LS OMEE S
AL TODZEBHAGLINNI 72> TWDTF ¥ RV ThhD, @R IEHIERIIRIEL S| T ER D 1D
ThHEBZHIVTNDT)  TEVEREFRITIEME LSS TRPM2 X RIE RIS A OfIENZ B 5L T
B AREMEHEER S LD,

TRPM2 OFEBLIX, IHE IZIW T, ARSHIla, ERGIE, M PNEGHIE, SHITIE T MfaCHER/
<07 7=Vl E DRIE SEHINICERD S TS [68-62], LARTOEMIE IV T, TRPM2 % 8],
FTHHER~ a7 77—, RIEEML CTREASILD H O, 728 DFLAN-AIZEY C-X-C EF—TVUH
VR 2 (CXCL2) 72D ENALVFEEZIT LT, KIBROWFIEMERIZEI 5L TWODZENRSILTND
[63]. L7>L. IBD OYFREICERS B S-775 ThUTh17 it i2317 5 TRPM2 DR HIZ W TR
Thd, —77, TRPM2 [XE Nk, i, 722123617 DRHEEDOEITIZE 5L CHAZEN ST
% [64-66], LU, CD B4 CEHEIZBIOALDIRIIRHEA LORREIC I 1T D TRPM2 DORIHIZ2N T
IR THD, BN DIEE TRERER , SO LOMEITIZIEEIS Th2 S iiE 233 5
L TCWAIERHBILTND [35, 36], L7z23-> T, ThU/Th17 BXOY Th2 fiES& Oz k1T 5
TRPM2 OEEIZILHNZTHZE1E, CD 2B DRI DRI Z T, B ORI LD
REFRFINZ D72 03D IREMEIS B 2 HILD,

N =ha B 2LRC g (TNBS) ARG RIL. CD ORREET L EL TEHSTERY, 20
JRBEIZIE ThUThL7 SIS BE 5922 L3 B QD [67], BPERIGROERIZIZ, TNBS %
HAE G 5 DIRIEE T AN BSOS [68], — . SWERIBAERIVBILAH RO TNBS
ZRAEEGNE G U506 @EIRIIRE AR [ ZEI L, Zhud CD B RAGMRHEE DIRIEE T
JLELTHISITNS [69],

ABFFETIL, TNBS HUEH G IVFHES DR RIBR B LY TNBS SRR G2 I0FEE LD
R BHERAHEE DR REIZI51T D TRPM2 DBIHIZ-DUW T, RfZ ThU/Th2/Thl7 Saigiid & o B4
flZ, TRPM2 & 5+ K48 (TRPM2KO) ~7 2% W THELTZ,
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Fujiwara Y, Minor DL Jr. X-ray crystal structure of a TRPM assembly domain reveals an antiparallel

four-stranded coiled-coil. J Mol Biol. 2008, 383(4), 854-70. %Z£#%|Z{/EX
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Kihn FJ, Heiner I, Liickhoff A. TRPMZ2: a calcium influx pathway regulated by oxidative stress and the
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TNBS #iE~ 7 AKIGROIFAEIZI1TH TRPM2 D&E

3

HU RES

IBD O IEfEZRIRIRITIAR THD73, CD4 Bottk: T MfEIZ351F 5 ThUTh2/Th17 /370 ADEH 13RS
BIEL QWD HDEEZ LTS [1, 11-17], Thl flfa~D 5 biE, ~ 7 a7 7— et o i
SN IL-12 |2 X0 stESHL [70]. Thi AT IFN-y <0 IL-2 728D Thl YA AL ZpEEL <270
77 —R° CD8 Wik T MIaDTE M b A 5| 22T [32,33], — 7. Th2 fila~Do{biL, ~7u77—
ORI DPEAESILD IL-4 IZIDEESHL [19, 20]. Th2 MiAaE IL-5 <2 IL-13 7280 Th2 A
N A L% FEA L BURPEADIRECIFERER OTE AL 8 2 5 | X 23 [71-73], F7=, Th2 AR b1
3 ThL (ZBEE T 2D RAEIGSE TR THIHIAITHRRE T~ D & & 12, Bk OB - 10, MDY £
FUVIEEL TCOBZENILN TS [74],

U, ~ =T MO 727 2y FOMEERIES IV, 727> Th IL-17 ZpEAT % Thl7 #ifid
%, v 7a 77— DREAE SIS IL-6, TGF-BL LN IL-23 22120 /LB EH o
HMERFSHL, CXCL2 22E DT ENAL OFEAET HZE T, flix OIIEMERBOWIBIZE 5722
ERNESN TS [19-22],

CD DJFREITCIE, Thl BLO Th17 SIS ENEEL Tdah0EE LN TS [27], CD &
FHOWERPTCIL, IFN-y 72E % fixtH 9% Thl filas =L D [18], Zauh Thl Ml EA 3%
IFN-y X~ 27a7 77— 0DV ANIA L DREAZREL | —)7~27n77—U1% Thl Milazfilii 5
TR RIEE RS YD [75], IL-17 ZEAT S Thi7 Milald, 7B OFEAZIT LT
HERSS~ 707 7 — D7 E OIIEMERIAZ JOERATICEI R 77228108 SIERILESHITHTRL T
WHHLDEEZ LTS [23, 24, 26], FEBE, CD OJREII~ /a7 7— U NEEREEIZR-L 0D
ZEDHABMNIZIe> TS [19-31],

TRPM2 |3 ZHW TR, A, - RoRIfa, A NEGRIfE, SHICIE T MIfaCHER ~7m >
7=V IR QOB ZENHIESIL TS [58-62], LARTOMIETIL, BERI~rn7 7 — 2388
3% TRPM2 78 UC DIFHEET LEL THIBIL TS T F AN UHlE N L (DSS) #hitl -~ AK
B2 DIFREIZEE G- L QWD ZEAIREILTUND [63], TRPM2 (I ARIESINL CREASNDIEHERAFE 12D
TEHEALS AL, CXCL2 728 D& AV FEAEZ ST HZE T, RIBROREERICHHL THDHHO
EHELZSIUTCUND, Lol TRPM2 O CD O RER~/L 3 —T a7t he DB Z- DU TIEA
ThD, Fiz, HERI~In7 77—V UAMNIREET 25 TRPM2 O KGR OIFIE~DBI G2 oW TH, Zh
FTOLEZARETE UL,

AREFETIL, CD OFFREET /LEL TEHASN TS TNBS DA G2 IFER SN D8RG 2
DIFFEIZHITD TRPM2 D522V T, TRPM2KO ~7 A% T, #51Z ThU/Th2/Th17 s
DB SRETEAT o1, SHIT, HERI~ 707 7— U7 OB SIS D\ e iiG, R

8



Hdn DU IS PN a7 & O I8l B SR OV U I HL45 TRPM2 23 KGR OJRREIZ B 5-
L CWBHIZHDOWT, TRPM2KO ~ 7 A% W= B BEF AT~ A ERL a7,



i EBMERLOTIE

1. FEREW

FERIZITLEME TRPM2 8- K4H (KO, s R0t ) <7 2B L OB AR (WT) <7 A
(C57BL/6, HART AT L —  #ifi]) Zff 7=, TRPM2KO ~7 A1, MEfAE TRPM2KO <7 AD
REUZ LD G, BILERIR 22 £ 1°CRB LN 12 RO ARG A 271 WK 55% L 70 HBREE CRIE L .
B EEKGE K B BAUKSE 72, TRPM2KO LN WT <7 A3 7ad bt 3 ML LR —BREE T
(ZEIE Lotk BEEA TR T 21T\ BRI, ARBFFEIC BT 28 BRI 3~ O SR
RFEWFERZ B RITHFEL, KRS BT DR R T ER AR (CHEC TEML
7= (FFAI%& B : PETH19-007 33X 0% PETH19-008), 7. i 3EEkI% ARRIVE HAKZ1> [76]
WZHf> T T T2,

2. M%)

2,4,6-N) =k X B2 VR AR T NI A ZIKFY) (TNBS) (& L7 /L ARk st K
BR) 13, 30% T /) —/LIKEEHRIC 34 mg/mL OUREE TR 72, =FRIES ML, AT RV
(FIh—/1°, ARSI T I HE) 1.875 mL, XV T5 (FAIALEEE 10mg®, ALAHREK KFR) 2
mL BEONEABE L7 7—L (XML 77—/ 5mg®, Meiji Seika 7 7/L~, BUR) 2.5 mL 24P A
HEAKT 25 mLICREEL 72 (BN ENDORMIREIZ, 0.075 mg/mL, 0.4 mg/mL 35K T 0.5 mg/mL),

3. M=ha_UBUR LR (TNBS) it @R OER

TNBS FH AL a M RIGR OIVERIIBER O S5 1EE — S ZE L T To72 [68]. 24 WG AL - 10 @i
DOREME WT BELN TRPM2KO ~ D A =FRIE SRR (7 AKH 10 g H720 0.1 mL) ZfEER#
B35 L TR MIETT-72, TNBS O 30% T4 /— /LK 50 pL (1.7 mg/~™A) % DISPOSAL
R T (TG, L) ZHWT, =7 ADL2S 4 cm OEGNICHEER G L7, xR
# (Control #f) 121% 30%=4 /— VAFRHEK 50 uL Z[EERICEGNICR G L=, TNBS BLW
30% T4 ) — VA BRI K G4 B TR EAIE LT, #5- 3 BRI~y AEGMHEBIFIZ D%
WIS, M (LMD EM) Rl #ilBo RS BIORE L IE L /-, BEmEONE
I% Imagel v.1.53 (NIH, Bethesda, MD, USA) %\ TiTo7=, E512, KAGHRR TR 2A0HfF X
O mRNA ZEEOREIZ W,

4, ~<hXUL AV (HE) Yeft R DA

Uz mALRE A 10% FPERAL <Y CREELIZE, /ST 7020l JES 4 um OFEIE
M R 2 ERL 7, MRRDI A 1T ST 7 1 LTt ~~ R U (Merck, Darmstadt, Germany) 5
FO=A Vv (BL7VLFGHEE, KBR) CTY Lz, SBRVER ., B8 T (BZ-X800, F—=
AL KB, AA) 2ROV ARl BERICHEC TITo 72 [77), 37205 | RIAEMLORE,
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femsials, FRGHROR AR I ONEEER D 4 SONRTGA—L—5ZNFIEHEL . FbDEE%
FRE R A=T (0-14) LT, Rl 2277 |ZBAL ClE Table 11T,

5. #ff mRNA FEHOMNE

KGR IT DS ANIAL | T EIAL BLOHEE R 7O mRNA FEBLUIER RT-PCR (RT-
gPCR) (ZXVHIEL Tz, RT-gPCR [IREHRIZHEC TITo72 [78]. L7z KIS PBS CURgLT-
#%. HEET RNA later (Ambion, Austin, TX, USA) H1Z 4°CTHEAELTZ, 4= RNA Ol Sepasol
RNA | super G (74T A7 FH#B) RO TEEIIES T ToT, T7ebb | mAFEHIC Sepasol
RNA | super G Nz, 770 T TAREDF AP —IZIVEE{ LT, Sepasol RNA | super G @ 1/5
KEO7aR)VLETINL, ##R% ., 4 °C. 12,000 rpm T 15 Sz LoBEL 7=, & (OKFR) 279
500 UL @ 2-7'wX ) — )V AT 2—7 TN EB L, ST 10 o flErE L 7-%. 4 °C. 12,000
rpm T 10 srfiliE OB 528 T4 RNA O E137-, EiEZREL., 75% =% /— /L KIEHR 1
mL CILBMZ2VeE LT-#. 4 °C., 12,000 rpm T 5 Zyfm OBl 7o, BigaREL, BEZL-%,
Diethylpyrocarbonate (DEPC) ALHLK (T T4 T A2 \ZERMRELUT-, WilisB 1% Prime Script TM RT
Master Mix (#7544 W) W T To7,

TRPM2 LIZko>4-FE mRNA F 811X, TB Green Premix ExTaq Il (X 773544 1674) & AWA %
— B —NEIZIVRIE L=, PCR [iE, Thermal Cycler Dice Real Time System % f\ T, 95°C 57
[, 60°C 30 FORi1% 40 VA2 /LAT N, FAEL T 0D PCR O RS ERAERR L . BB EZRHL
7oo £ MRNA FEEBLEIL, T AF—E' 7B m7-£ LT TATA-binding protein (TBP) mRNA FEi &
(ZRFT 2L CTRR LT, AR THW AR s kT 57 74 ~—DREFIE Table 2 ITRLTz,

TRPM2 mRNA Z&Hii%, TagMan Probe Assay RT-qPCR (Applied Biosystems, Foster City, CA, USA)
% W7 a— 7RI EDRIE LT, PCR Ui, ABI 7500 System (Applied Biosystems, Foster City,
CA, USA) 12XV, TRPM2 (MmO1177249 gl) 3L T8 TBP (MmO1277042 ml) O3Efs T- ke Fiy
TagMan Primer Probe % VT, 95°C 15 ], 60°C 60 Ffila 40 H1 27 11T-72, TRPM2
MRNA FEELEI L, AACt {EIZED "I RF—E U 75 1-L LT TBP mRNA FEBLEIC V(KL |
Control #> mRNA FEE &5 95 E L TERLT,

6. ‘BHIFATvIADIERL

BT AT~ ADOVERUIEESICHEL T T 72 [79], T78b5H, WT BELWOY TRPM2KO <A (10
W) ORF—~U2 (10 ) ORIREBIOEELR ML, Vo WK (PBS) &5 ffike
AT AZEI X0 B REINN ZE L 72, RBC lysis $#i#% (155 mmol/L NH4CI. 10 mmol/L KHCOs.,
0.1 mmol/L EDAT) TREL7=%%. 70 um &/L AR AF—THEiEL ., 5x 107 cells/mL (ZFR#EL7-, WT
~ 723 L TRPM2KO <72 (4 i) DLt h~w A%, X FilEHEEE (MultiRad 160 X,
RPS Service, West Byfleet, UK) % FWCTESEHRED X (9.5 Gy) I L=k, KT —~T 2005
PREL U 7= B BEAAEYAIR 100 pL/~m A (5 x 108 cells/~~R) & REIRN&Z 5 L7- (Fig. 5). ‘B BEfEAHE 4
WEEZIC TNBS S KIGRET VAAERURGEIZITo7, 7o RIEIZBIT D E T AT AIZHD
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WL, ZDIFEA LBV E UMYV ADFHIICERSN CNDHILE EGFP v U ADFHiZBAHL
TR CHERL TD [80]

7. WRFFHIRET

T AV AR ZE (SEM) &L TFRIRLTZ, Hati#ATIX GraphPad Prism 9.5.1 (GraphPad
Software, La Jolla, CA, USA) #H\\\TiTo7, (R, KIFOES, HEmEL IO mRNA FEE]
(R T DIEFHFEA BIEIE, — eE B S OIE T InEE O S T I L VEEAR O S A L L
Holm-Sidak 2 B b i 2 VN TREAT L 72, — 5 L LR 7 O REAIN IS eb 3 2 /e R0
Kruskal-Wallis #7EIZL0VIEEARD Y% L, Dunn O R EEHEZ O CHITLZ, Wiho
MEHFIAEMD, P<0.05 DLEICA B THHLHELZ,

Table 1.
Criteria in histological evaluation with HE staining

score Inflammatory cell infiltration

0 |rare inflammatory cells in the lamina propria

1 |increased numbers of granulocytes in the lamina propria

2 |confluence of inflammatory cells extending into the submucosa

3 |transmural extension of the inflammatory infiltrate

Crypt damage

0 |intact crypts

1 [loss of the basal one third

2 |loss of the basal two third

3 |entire crypt loss

A change of epithelial surface
0 |intact epithelial surface
erosion
5 |confluent erosion
Ulceration

0 |an absence of ulcer

1 |1 or 2 foci of ulcerations

2 |3 or 4 foci of ulcerations

3 |confluent or extentive ulceration

12



Table 2.
Primer used for detection of mouse mRNA transcripts in this study.

Target Length (bp) Sequence Accession Number
TBP Fw 25 5-CATTCTCAAACTCTGACCACTGCAC-3' NM 013684
(tbp) Rv 25 5-CAGCCAAGATTCACGGTAGATACAA-3' -
TNF-o. Fw 23 5-GCCTCTTCTCATTCCTGCTTGTG-3'
NM_001278601.1
(tnfrl) Rv 21 5-TGATGAGAGGGAGGCCATTTG-3'
IL-1B Fw 22 5-TCCAGGATGAGGACATGAGCAC-3'
: NM_008361.4
(illb) Rv 23 5-GAACGTCACACACCAGCAGGTTA-3'
cXcl2 Fw 23 5-GCCAAGGGTTGACTTCAAGAACA-3'
NM_009140.2
(cxcl2) Ry 21 5-AGGCTCCTCCTTTCCAGGTCA-3'
IL-12a Fw 22 5-TGTCTTAGCCAGTCCCGAAACC-3'
: NM_008351.3
(il12a) Ry 24 5-TCTTCATGATCGATGTCTTCAGCAG-3'
IFN-y Fw 21 5-GTTGCTGATGGCCTGATTGTC-3'
: NM_008337.4
(ifng) Rv 22 5-CGGCACAGTCATTGAAAGCCTA-3'
IL-6 Fw 23 5-CCACTTCACAAGTCGGAGGCTTA-3'
) NM_031168.2
(il6) Rv 25 5-GCAAGTGCATCATCGTTGTTCATCA-3'
TGFl Fw 20 5-TACGGCAGTGGCTGAACCAA-3'
NM_011577.2
(tgfbl) Rv 21 5-CGGTTCATGTCATGGATGGTG-3'
IL-17a Fw 21 5-GAGGCCCTCAGACTACCTCAA-3'
: NM_010552.3
(ill7a) Rv 21 5-TCATGTGGTGGTCCAGCTTTC-3'
IL-23a Fw 27 5-AGCGGGACATATGAATCTACTAAGAGA-3' M 031252,
(iI23a) Rv 25 5-GTCCTAGTAGGGAGGTGTGAAGTTG-3' - '
IL-4 Fw 21 5-ACGGAGATGGATGTGCCAAAC-3'
) NM_021283.2
(i14) Rv 22 5-AGCACCTTGGAAGCCCTACAGA-3'
IL-5 Fw 25 5-TGAGGCTTCCTGTCCCTACTCATAA-3'
) NM_010558.1
(i15) Rv 25 G5-TTGGAATAGCATTTCCACAGTACCC-3'
IL-13 Fw 19 5-TGTGTCTCTCCCTCTGACC-3'
) NM_008355.3
(il13) Rv 20 5-CACACTCCATACCATGCTGC-3'
T-bet Fw 22 5-GTTCAACCAGCACCAGACAGAG-3'
NM_019507.2
(tbx21) Ry 20 5-TGGTCCACCAAGACCACATC-3'
RonyT Fw 21 5'-CACAGAGACACCACCGGACAT-3'
NM_011281.3
(rorc) Rv 21 5-CGTGCAGGAGTAGGCCACATT-3'
GATA3 Fw 21 5'-GGATGTAAGTCGAGGCCCAAG-3'
NM_001355110.1
(gata3) Rv = 22 5-ATTGCAAAGGTAGTGCCCGGTA-3'

Fw, forward; Rv, reverse.
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Donor mice

TRPM2KO

N o o

Bone marrow ceII

| |
Bone marrow transplantation

T

Recipient mice (X-rays inactivate bone marrow)

i 1 1 1

W TBM-WT WTBM—KO KQBM-WT KOBM_KO
(WT-WT) (KO—-WT) (WT—KO) (KO—KO)

Fig. 5. Generation of TRPM2-bone marrow chimeric mice
Bone marrow cells obtained from WT or TRPM2KO mice (donor) were transplanted into WT or
TRPM2KO mice (recipient) irradiated with lethal dose of X-ray, resulting in four types of bone marrow

chimeric mice.
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1. TNBS H[BEIEGNEGIZI0F RSN 2 RIGRITHRT 5 TRPM2KO D%

SHERIGAROTREIZEIT D TRPM2 O&EIZ AL 572, TNBS (1.7 mgi~7A in 30%T4 /
—/VIAIR) HIEIEAGNE G-I LVFFES D RMERIGR DFileZ WT J5L U TRPM2KO v ATLL
BERRETL 72 (Fig. 6A), TNBS #5- 1 A BIZiZ WT 3L TRPM2KO ~ 7 A CIE R E DR EJR D 73
BlESNT- (Fig. 6B), WT 7 A28\ TiX, TNBS #5-3 H H FCEBR AR ED 3B D=0
(6L, TRPM2KO ~ 7 ATl 2 H H UARRARERB 3R 2 IZ[FIE L7, TNBS %5- 3 H BiZkiT 1k
FEIRIE, WT =7 AL Hl LT TRPM2KO ~ 7 A TIEA EICEEL 7= (P <0.0001),

TNBS #5-3 H HORIGIZIW TR, KIGOFHE, BEEEOVRIE, [Rfie OHABIONEBDO I AT
SN NIRAR SN BIZR SN (Fig. 6C-E), TALDREE TN IE WT <A (KD
1 7.31 £ 0.209 cm BELOYEEIFE : 91.3 + 165 mm?) &Ll T TRPM2KO <A (KIFDOE -
8.79 £ 0.223 cm BL OB : 16.2 +5.16 mmd) TlIA ZIZHHIS- (KRGO 4HE: P = 0.0053 33
FOHEEIRL: P <0.0001),

AR AOORHmIZ IO CHIRERIZ, TNBS #6453 B HOKG T, B RAEMEHIIROIRE, R
DB, VIR, AR LOTEE OB BIZES L (Fig. TA), MG EA T X IRIICHEE

RO T FTIC BIR 72 FEIBI B W CBEZF I INL 7228 (Fig. 7B), ZH0O BTVt WT <~
Z (7.79+0.578) LIb#iL T TRPM2KO <72 (3.28 +0.375) TiIA EICHIfHIS7- (P <0.0001),

KIFGIZEIFDH TRPM2 mRNA F#8i% RT-gPCR (ZXVHIEL 7=, WT <A ZFW T, Control
EHEE LT, TNBS A2 Hin[# 5952 21280 TRPM2 mRNA #BUIA ZIZHIIL= (P < 0.0001) (Fig.
8), —Ji. TRPM2KO ~ AT, Control #EFE TN TNBS ALERENT4UZIVTE TRPM2 mRNA
HEUIRHES -T2,
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Fig. 6. Effect of transient receptor potential melastatin 2 (TRPMZ2) deficiency on acute colitis induced
by a single 2,4,6-trinitrobenzene sulfonic acid (TNBS) injection. Under anesthesia, acute colitis was
induced through intracolonic TNBS administration (1.7 mg/mouse in 30% ethanol) and examined on day 3
(A). Body weight was determined daily (B). Colon length (C) and Macroscopic damage (D) were determined
on day 3. Representative macroscopic appearance (E) of colon tissue from wild-type (WT) and TRPM2-
deficient (TRPM2KO) mice 3 days after TNBS-induced acute colitis. A scale bar : 1 cm. Macroscopic
damage areas are indicated by arrows. Data are presented as the mean + standard error of the mean (SEM) (n
= 8). Statistical significance was analyzed using two-way ANOVA with the Holm-Sidak test. *P < 0.05 vs.
WT, #P < 0.05 vs. control (without TNBS).

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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Fig. 7. Effect of TRPM2 deficiency on acute colitis induced histological damage. Under anesthesia, acute
colitis was induced through intracolonic TNBS administration (1.7 mg/mouse in 30% ethanol) and examined
on day 3. Representative images of hematoxylin-eosin (HE)-stained sections (A) and histological score (B)
of colon tissue from wild-type (WT) and TRPM2-deficient (TRPM2KO) mice 3 days after TNBS-induced
acute colitis. Scale bars : 50 um. Data are presented as the mean + standard error of the mean (SEM) (n = 8).
Statistical significance was analyzed using Kruskal-Wallis analysis, followed by Dunn’s multiple-
comparison test. *P < 0.05 vs. WT, #P < 0.05 vs. control (without TNBS).

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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Fig. 8. The mRNA expression of TRPM2 in acute colitis. The mRNA expression of TRPM2 in the colon
from WT and TRPM2KO mice 3 days after TNBS treatment. Data are presented as the mean + standard error
of the mean (SEM) (n = 8). Statical significance was analyzed using two-way ANOVA with the Holm-Sidak
test. *P < 0.05 vs. WT, #P < 0.05 vs. control (without TNBS).

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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2. TNBS H[EEGNEGIZLVFRINDBERGRICBIT DA FEIAL BIURE
K7 FE 8% 9% TRPM2KO D528

TNBS #FatERIGRICIBITORIENE AN A 7 EA A2 Thl, Th2, Th17 B AR~
BLOENSOERER -0 mRNA %#81% RT-gPCR IZLVHEIEL T, TNBS OHEIEFN#EE5-1, 3
H BEIZIE, WT =T RIZBW T, RIEVES A R4 T2 TNF-a (P <0.0001)., IL-18 (P <0.0001), 7E
J1A>TéhDH CXCL2 MRNA ZIHZEITHI NS 72728 (P <0.0001), ZHEDOENNIEV -t TRPM2KO
<D ATIEA BIZIHIENZ (W3 b P <0.0001) (Fig. 9A-C),

WT <~ RAZHBW T, Thl S bFEICRE 5775 IL-12a (P < 0.0001) <° Thl fifasbEEESn Y
ANIA2TdD IFN-y (P <0.0001) 72X Thl B#Y1rA1> (Fig. 10A and B), Th17 /- {bafElZ B
5.4% IL-6 (P < 0.0001), TGF-B1 (P = 0.0048). 1L-23a (P < 0.0001), Thi7 i HREASND YA BT
A2 Td% IL-17a (P < 0.0001) 72X'0> Th17 BAEA M1 (Fig. 10C-F), SHIZ Thl BE O Thi7 O
R EINFCHHZENZI T-bet (P=0.002) FLO Roryt 38 F£7- TNBS BAEIE G G2 L0 EHE
(ZHENL7= (P < 0.0001) (Fig. 10G and H), TNBS H[FIEZN#E 51285 Thl BEY A1 Thod
IL-12a (P < 0.0001), IFN-y (P = 0.0002), Th17 Bt A~ TdH% IL-6 (P < 0.0001), TGF-B1 (P <
0.0001), IL-23a (P < 0.0001), IL-17a (P < 0.0001), Z4LHDERER - Tdd T-bet (P = 0.0025) F5L N
Roryt (P < 0.0001) mRNA FEHOHINT b WT ~7 ALl € TRPM2KO ~ 7 ATIXA RIS
s,

— 77, Th2 Z7HEFFEIZRE 535 IL-4, Th2 Ml DREEASNA YA NIA L THD IL5 FBLN IL-13
72D Th2 BES A MA> | & DGR 1T GATA-3 mRNA 81T, WT 335 TRPM2KO ~
AN LS TNBS HREAGNE G2 &> T e =172 7= (Fig. 11A-D),
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Fig. 9. Effect of TRPM2 deficiency on upregulating various proinflammatory cytokines/chemokines
in the colon with acute colitis induced by a single TNBS injection. The mRNA expression of TNF-a (A),
IL-1B (B), CXCL2 (C) in the colon of WT and TRPM2KO mice was determined 3 days after TNBS injection.
Data are presented as the mean = SEM. (n = 8). Statistical significance was analyzed using a two-way

ANOVA with the Holm-Sidak test. *P < 0.05 vs. WT, #P < 0.05 vs. control (without TNBS).

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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Fig. 10. Effect of TRPM2 deficiency on upregulating various Th1/Thl7-related cytokines and their
transcription factors in the colon with acute colitis induced by a single TNBS injection. The mRNA
expression of 1L-12a (A), IFN-y (B), IL-23a (C), IL-6 (D), TGF-B1 (E), IL-17a (F), T-bet (G), and Roryt (H)
in the colon of WT and TRPM2KO mice was determined 3 days after TNBS injection. Data are presented as
the mean £ SEM. (n = 8). Statical significance was analyzed using a two-way ANOVA with the Holm-Sidak
test. *P < 0.05 vs. WT, #P < 0.05 vs. control (without TNBS).

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.

21



>
|=
A

vs)

IL-5

44 I:I WT 3-

"',‘;_K D KO - (_G-- . n
10—3_ . L .- 2 .

3_5_’ -l 3_542'

o - .. ] o " L]

R e N e
;:1' ’ : 5 a" ;1- .:' : = L
= . =" = .

0 - 0

Control TNBS Control TNBS
C IL-13 D GATA-3
1.5 0.3-
?2 ..O o n
10{ .. . 4 - ~ 0.2 - ..
o 3 - — . .
E _.T-_ :!: : [ ] 2 Lo ._T_ll ;l: _T:
=|| - - [ ] » n v .
0.0 0.0
Control TNBS Control TNBS

Fig. 11. Effect of TRPM2 deficiency on upregulating various Th2-related cytokines and its
transcription factor in the colon with acute colitis induced by a single TNBS injection. The mRNA
expression of 1L-4 (A), IL-5 (B), IL-13 (C), and GATA-3 (D) in the colon of WT and TRPM2KO mice was
determined 3 days after TNBS injection. Data are presented as the mean = SEM. (n = 8). Statical significance
was analyzed using a two-way ANOVA with the Holm-Sidak test. *P < 0.05 vs. WT, #P < 0.05 vs. control
(without TNBS).

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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3. BHiFATU A% e TNBS HEIERGNE G RO F RS DRGSR 328 Bk
I L OB BE A R3] 9% TRPM2KO D #%8

~ a7 =R E ORIEGEMIE (BRI BXO R AN B IO (FEE B
SGHBAE) OV IUTIEBLT D TRPM2 D3RRI R OIRREIZ B G- QDO E SN T D728,
TRPM2KO ~ U 2% W TEREF AT~ T AAF UG 21T o7, WT F721% TRPM2KO w7 A (R
F—=R) DSEERU-EBEE . BOERED X #9252 & TRRIED B B 2 FEIRS
72 WT £7201% TRPM2KO ~ 7 A (LI BT RTR) (BT HIET, 5t 4 FEO BT AT~
JAEAERL T2 (WT ~ 7 AOE#EHEE WT <~V R BAEL =~ A WT—-WT, WT <7 2D 5 %
TRPM2KO ~ T AICBHEL Iz~ A: WT—-KO, TRPM2KO ~T A EHEHIlNZ WT ~7 AL
7z A KOWT, TRPM2KO ~ 7 ADE#fiflla TRPM2KO ~ T AILEH#HL 7=~ A KO—KO)
(Fig. 5),

TNBS O HRIE AN 51%, WT ~ U ZAD BRIl Z BAEL 72 WT-WT B8L O WT—KO v &2
BWTIE, WT T AOEA LIRERICBEE 7R ED (Fig. 12A), 3 H BIZIX RGO MM (WT—WT:
9.24 +0.132 cm BL VN WT—KO : 9.26 + 0.112 cm) (Fig. 12B)., HEDTEIE, [L#7R2 DA B L OV
DFRANHHESTHNARIRAHESE (WT—WT :59.2 + 2.35 mm? 3L UV WT—KO : 65.2 + 3.91 mm?)
ZATAELT- (Fig. 11C and D), ZAUTKL T, TRPM2KO ~ 7 2D EHEHIlaZ AL 7- KO—WT X
" KO—KO vV ATid, TNBS #EICIDKEREA (P < 0.0001), KAHFOFME (KO—WT : 10.3 +
0.143 cm BX 1 KO—KO : 10.2 + 0.127 cm) (P < 0.0001) FBLOAIRASHEE (KO—WT :8.80 + 2.76
mm2 L KO—KO : 7.54 +3.38 mm?) (P < 0.0001) % TRPM2KO ~7ADEA LRERICWVF b A
BT S A7,

FARR IR C 3B O CH RIERIZ, TNBS #%5- 3 H HOKIGIZIBW L, WT T 2O F BRIl Z %
FEL7Z WT-WT L0 WT—KO ~ U ATIEE ER SIEMERIIA ORI, LR D%, PR, Morild
BXOBREOMIIEIEZZSIL (Fig. 13A), MAkFHIEEATY (WT—WT:8.00+0.681 BLOWT—
KO:8.13+0.480) |ZBEZEIZHIANLI=AY (Fig. 13B), ZHHDZ LT T #Uh TRPM2KO ~ T ADH#f
AR 72 KOBWT 3L KO—KO w7 % (KO—WT : 2,50 + 0.189 3L N KO—KO : 1.88 +
0.398) TIIAEICHIfIE47z (P <0.0001),
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Fig. 12. Involvement of TRMP2 expressed in bone marrow (BM)-derived hematopoietic and no-
hematopoietic cells in acute colitis induced by a single TNBS injection. BM cells from WT and
TRPM2KO mice (donors) were transferred to irradiated WT and TRPM2KO mice (recipients). The WT
mice received BM cells from the WT mice (WT—WT) and the TRPM2KO mice (KO—WT), and the
TRPM2KO mice received BM cells from the WT (WT—KO) and the TRPM2KO mice (KO—KO). Body
weight was determined daily (A). Colon length (B) and macroscopic damage (D) were determined 3 days
after TNBS injection. Representative macroscopic appearance (C) of colon tissue from mice 3 days after
TNBS-induced acute colitis. A scale bar : 1 cm. Macroscopic damage areas are indicated by arrows. Data are
presented as the mean = SEM (n = 8). Statistical significance was analyzed using a one-way ANOVA with

Holm-Sidak multiple-comparison test. *P < 0.05 vs. WT—WT mice.

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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Fig. 13. Effect of TRMP2 expressed in BM-derived hematopoietic and no-hematopoietic cells in acute
colitis induced histological damage. Representative image of HE-stained sections (A) and histological score
(B) of colon tissue from mice 3 days after TNBS-induced acute colitis. Scale bars : 50 um. Data are presented
as the mean + SEM (n = 8). Statical significance was analyzed using Kruskal-Wallis analysis followed by

Dunn’s multiple-comparison test. *P < 0.05 vs. WT—WT mice.

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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AN =

Bl

LIRTOHEIZIBN T, UC DIFFETE T /L &L THIDIL TS DSS FHiEE K275 TRPM2KO v~ 7 AT
I WT =7 AL LTIl Z 80, UC OJFREERIC TRPM2 235 L CWVBZENRENT
W5 [63], AETIL, CD OIFREET LEL TEHAZND TNBS #FlL KGR OIFREIZIITS TRPM2
DEFEAZHNT, TRPM2KO =7 2% IV THREIL T,

TNBS O HEIEAGFAE G, 5B A GEEE AR 2 4E L, WT v ATIXAEIT 3 A H
FTEBITRA LTz, —J7, TRPM2KO ~ 7 A TIHA TR T —EMETHY, 2 A B LRI R 4 (Z[E1E
L7z, TNBS #:5: 3 A HIZIX, WT v A CTIL KRGO R LED B D2 AR 36 K ORRH R 5
DIAEDMBERSNIZS, ZHOHEL £7- TRPM2KO ~ 7 A TIIA B IS ST, SHi, AR
\CHRIEA RO T- KRB RJEITTIE TRPM2 FELRIHLNIEINL Te, ZIHDORERIZ, TRPM2 723
DSS FHE KIHR D56 LIRERIC TNBS §hE SRR OIRREDIERRIZEI 5-L T\ D ZEA TR RIEL
T, T72b5, TRPM2 (X UC DA725F CD OFFREIZ T B EIZJH T \D AaTRENEAS
HezRsng,

CD DOIFEIBI ORI DOWTIIRIERIAZLI D33~ =T Ml 72y b/ T2
DI FFIZ Thl BEO Th7 i EOIEMEENEI G- L QOB ZENHLIL TS [12-17], AFED
BENZBWThH, WT =7 ZI28 T, TNBS O HEIE SN 512 L0 S oAt KGR D4
JRFTCIE, IL-12a 33X IFN-y 72E° 0 Thl Bha- A2 [32, 33, 81] 12/Nx T, IL-6, TGF-BL, IL-
23a BLW IL-17a 72X 0 Thi7 B N1 [19-22, 82] DEEE/EINAEIER SN, &512, Thl
FBEOTh17 Ml O R RAER B -2 L CTHIDINDTIVE R T-bet [17] 35K T8 Roryt [83] FEELEH HEM
LTV, — . IL4, IL-5 BETN IL-13 2280 Th2 B A1 T DEERFTihs GATA-3
[71-73] OFBUZDWTUIZEDRRO LI -T2, — 5, TRPM2KO <7 A28 Tid, TNBS DL
[N EA N G2 ZFERE LD Thl B85 Th17 BIEA AL 7e b NZZ LD ORRE R - O F B
I EITHHIS A, B2 Thl BEONTh17 Ml ~D 43 KICBA 535 1E 4 IL-12a B8 LT IL-6,
TGF-B1. IL-23a ZEEOENINZATHIL 722 L5, TRPM2 23 TNBS O HE[HEAGNE G- (2 I0iEM bEn
% Thl 3L Th17 MIFEO /M LR 2B G- L QD RTBEMEDN S 2 HALD, AWFSE IR A T~
D SI=T FMIFORTEADZALIZ DWW TUIFER TE TR, §7005  TRPM2 (3~ /L 3 —T #ilfia
DIFFBRRIZEI 5L TV, TRPM2KO TliE b 3—T HIFaDZMA I L7 #5585, ThUThl7 B
PALIA L FEBEIHI LT TREMED B 2 HIVD, ZORIZ DWW TUISHRDRFNDB LI TH LIS, Wi
UL, TRPM2 1 ThUThL7 e O RHEHRE-CTE A4/ L C TNBS sl 2t KRG J¢ O e
IZHHL QDL DRSNS,

TRPM2 |3 ZHW TR, A, Rk, A NEGRIfE, SHI2iE T MIfaCHER ~27m >
7Vl SR BL QDI LRSI TS [58-62], DSS #hE K4 % V= LRI DA Cl,
HERf~ a7 7 —I8BL9 % TRPM2 D3 KGR OIRREIZES 5L TWA ATREMED RSV TS [63],
UL, ZORFTTIEEH O TRPM2KO 7 A% AN TNAIEND, MfHifiE, R KON E
WNEGRRZFEBL S5 TRPM2 DR 52 DWW I T LH EE TEAR, 2T, TRPM2KO 7 A% H

26



WTEHF AT AZERIL  TNBS #hE SRR ET IV TREE T o7, WT vV ADE|ia
FEL 72 WT BEOTRPM2KO (WT-WT BLON WT—K0) ~7ATlE, WT ~ 7 AL [RIREICBEE 721K
FID B I OKGOFEMEZ (D KIBROFAENBIZES Iz, ZHIIXIL T, TRPM2KO ~ 7 A0 F
ERHEL7Z WT 3L TRPM2KO (KO—WT 3L KO—KO0) <7 AT, 257 TRPM2KO <17
ALRERIC, READ | RIBORRMEZAED KR DI AITA BITHIRIS Iz, ZRHofE R, Bl
S, F7ebbvrrTr— U7 E ORIEGPEMIBIC BT TRPM2 A3 KGR OfF fEHE R BT 5-
LTCNWDZEZFRIRIEL TV VD,

LU E, AREE T, TNBS O HEIE AN G LVFHES D EMERIBR DOIFHEIZISV T TRPM2 23
BT 222D LTz, BELL, TRPM2 1T EEL Ty oy 7 — U7 E O RIESIE AR BIL
ThUTh17 SIS E DIFHALICE 5L T Dh DL HEERES D,
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F5HT /NME

RETIL, TNBS D HEIEGNIER G I0FHEINL B RIGROIFEIZRITS TRPM2 D& EI%Z
BAG)NT T 572012, TRPM2KO ~ o 2% W THETL . IROEI R A5,

1. TNBS #FHid 2RI ORREHERIC TRPM2 D3R5 L TWAZEZIABNC LT,

2. TRPM2 IIRIEMSAMIAL BIOVr A 3B RIZNMNAZ T, Thl BIL O Thl7 5222 B
HLQWAZEEHLNIZL,

w
I
(=

B SR I8 95 TRPM2 25, Thl BX Y Thl7 S OIEMELZ LT KSR DN
EHERRICHE L CWAZEZIALNCLT -,

=

i
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2%

TNBS #Hid~ 7 A KG9 BERRHEE DOJRBEIZ 15D TRPM2 D& E|

CHEI T

55 1 BT T, TNBS O HEIE G E G-I LVFHESNHEMERIGR DOFREIC TRPM2 238 5-L
TWDZE, ELITERI b~ a7 77— 588195 TRPM2 23 ThU/Th17 S s & 2 E M kic B 5-
FTHZELERONIT LT, RETIL, B O KGR CRIERSNDIRINFMELDRREICI1TH TRPM2
OEENZ DN THRELTZ,

CD (%, UC LIHHRL T, A DS KBRS ETEEL , Rt/ iG22I IIpAE, ihias
LB, SOIITERE DBERBREIHEL G SEZ T LB TS [7, 84], ZNHDJFREIC
IXBPESAE LR DIRIIRRME L 3B 5L T DB D EE 2 B CD, BRHELITEEOEE - 15
WRZBIONDBIR THY, 27— LI E DBFMHED EFEIFHEOIT B [85], FEER, CD EF
DFI 0% THRHEIL DAL TODZEBIEZILTND [86], T4, FiT-72 o E i3 <> TNF-a <€/~
= WHURZIU D &3 DFE & DAY FRIRFIORISGIZIY, CD 25T IBD ORI REMEHL
7208, ST OIMIRIE TH - Th . BHEEICIK 2 A IHEEZ A T DIEFCII RN EEAL
FDOOBIIRNZ LMD | JRIBHE IS T2 TR B KONBIRIEDHEN LN E N TS,

Bl TRPM2 3 @M D JIEIRZE D 7259 ASMEHI DO ITHAHEE [64, 65]. Bk [66,67]. &
HRHEIE [87] OWTREICHBE 5952 AL > CET, RIEOBYEM CIIRATRIC~ a7 7 —
POERENPENT HZE T, v /07 7 — VI HMIRGEERITINZ T, ThUTh17 s 2R
BHZLETRIERSOITIED D TFHESED [18,24,25], — 7, RIEDOEMIITIL, ~r/n77—
I, FRREE, VET U7 BIO Th2 SEIsE OEtE7e 8 I I RIEDIURIZE 5L C)AHH3, i
SO SGHEREN AL D ERAIRRHELIZ 72235 [35,36], ZHUHD E D, TRPM2 1 CD (2815
BMEIORIGR D H 7257 BHEIIOREIFRRHE L OFREIZBE 5L T D FTREMEAHEZ S D, UL,
TRPM2 @ CD BHM#RHEEDINHEIC I D4 H], SHITITRRBIZES 575 TRPM2 OFEBIAlE/eL 1T
DWTIARHTHS,

LIRTOMFFEIZ BT, HERIZRBLIT S TRPM2 23 H,0, DFIKIZED, CXCL2 728D E A2
AEZBINSELZENMESN TS [63], LA, TRPM2 O~ L 3—T iy~ kv hod ke DR
HZOWTIHIDAL TR,

AL, CD OEMHIOAIHE CHOMHEDIRIET T L ELTHBND TNBS #itt~7 A K5
P EHIAHEIE 1235175 TRPM2 DR 512950 T, TRPM2KO <7 2% T, BT~ /L S—T it
7y heDBEICE B URRZ T o7, Fo, HEKI~ a7 7 — U7 8 OB EH MladH D0 sk
Hfe, R d D\ LA N A e E OFEEBE IOV T H BT 5 TRPM2 23 KR4
REBLRRHERE OIF BRI 5L CUODIT DUV T, TRPM2KO <=7 A% WS AT~ A /ERLLUIR
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AEAT oIz, SHIT, YA I AN TEIALFEBRIZBIT D TRPM2 DB G2 BN T D120, ~
D ADE DI CEE L To~ 707 7 — % Uz in vitro SEBRCR TREETL7Z,
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i EBMERLOTIE

1. SEBrdEhY
1SS,

2. {ERZEY
2,4,6-N) =ha B R VRAET N AT KR (TNBS) (8 L7V 2 FtiiEE) 13, 30% =4
J—IVIKEEHRIZ 10, 15 3310 20 mg/imL DR THIEL 7o, T DOMOFRIEILE 1 =ITHET S,

3. TNBS #hil~ 7 AKAGHHERE O 1 FE R

TNBS #78HE AtitEiE D VERUIBERICHEC TiTo72 [88], T72006, 24 WAL 72 10 Bk
VDA SR AR (v AKE 109 H7-0 0.1 mL) ZIEENE ST L TR MR ToT,
FRFEED TNBS O 30%T4 /— /LK% 50 uL (0.5, 0.5, 0.75, 0.75, 1 5L 1 mgi~2) % 1 #[H
(2 1 [8] DISPOSAL #& 1>V (ZF M%) 2T, ~TADALMNS 4 cm OEAGNIZESL
7= (Fig. 13A), xIHREE (Control B¥) 1Z1% 30% =% /— /L AFREHE/K 50 pL & RIS 5L
2o TNBS LU 30% =%/ — /L AKESIK O G- o 1 AR EZRIE L7, TNBS Ofciéix 5
2 HMRICY D AZGHEN FIC RO LHIES K51 (I EE) ZhitHL . KIBORSZHIEL
720 SHIT, KGRI AR AR 36 L OV mRNA FEELOREIZH -,

4. HE Zeta Rl T A2
01T D,

5. wwYURZa—2A (MT) Yeta N2 /A0 Hm

U E 10% FEERL -~V CREELIZE., /ST 7A@, JES 4 um OFFEIRE
MEI P 2R U7, ARERREI R 13 T 74 LTtk B — I (BRI L, OR) CULE L%, ¥
AT NVNEANTIF VAR T (REMES) CREYEEZ To7o, KIT, 5 ekl (R BLO
0.75% AL G iR (REMEY) TREELI%, ~ v/ B (ML) Ol B Y easlT
ST, BT, 25% VX T AT UERIE (R L) TRUBEL-#%, 7=V FiR (L) CBIR
BHEL 2T o7, BEALE . BEE T~ (BZ-X800, F—=x A, KPR, HA) 1B\ THAICY:
BN BIFHRHEDIZ DR A BEHIZHEC CRIML 72 [89], 72405, 00 MRHEERL, 1 ED
HRAEIE JRIPTRSIRAREIR F a7 — 7 L i | HEERE ARSIV | 20 HEREEORRHERE (RS kS
T AR IE DM LR B Z B D3 B RIS T JE DB AR D 2813700 BHEE7 R,
il N7 —5" L 1kaE), 30 B DORRMERE (KA KA T OBE R A AR C 3 DB 7 i i 28
Tre (D TR SRR R F a5 — 4" DUEAE) @ 4 Bk (0-3) TRMIEL7=,
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6. #FE mRNA FEELOHE
FLRECHET S, 0B, B 1 ECHEALZUSANOBIG O T~ —D/FIX Table 3 1Z/~L7=,

7. BHEF AT ADO/ERL
% 1EIHET D,

8. ‘Bt~ rrT 7 — OIERES IO 00 ALENZ LD YA NI A L BLO AT

Hhif Sk~ 707 7 — U OV IBERICHEL TiT o7z [90-92], 78 h | vV ADKERE B LR
BEMH L, PBS 2B BEVENICIEANT DI LISV EBEAIIAZ BRI 7=, RBC lysis #&#i (155
mmol/L NH4CI, 10 mmol/L KHCOs, 0.1 mmol/L EDAT) THLEEL7-%%. 70 ym B/LARLAF—TIE
W7z, BRI 7B AL, 50 ng/mL ~7a 77—y an=—Hfli%X 1 (M-CSF) (R&D Systems,
Minneapolis. MN, USA) Z#IIL7z 10%FIEE4A D-MEM (747 A27) T 7 AMREEETLZ
ECvraTy—INobsE T, MBI BB b~ 77— 12 10 nM H0; (& 7 /L 2Rl
3K) 2L, 1 R IC~ AN AR LT T A% —8 (MAPK) fREOTEM LA 225
Ty MZEY, £7- 3 H# 1245 mRNA 38514 RT-qPCR IZXVHIELT-,

9. #1E MAPK #EEE DTEMEAL DT

AFE MAPK L C, #ilfiEshs 7 Vit —+1 (ERK). p38 MAPK X c-Jun N KifiisJ—
¥ (INK) OIEMARIT, BERICHEL Ty = 2% 7y M K0T L= [93], HoO0 ALE L7 B iEs b~
a7 y—T% PBS CeidLiztk, 7u7r 7 —BHEHK 77/ (Complete Mini, Roche Diagnostics
GmbH, Mannheim, Germany) XK A7 7 & —BfHEFL A 77 /L (PhosSTOP, Roche Diagnostics
GmbH) #&# RIPA #EEK (50 mmol/L Tris, 150 mmol/L NaOH. 1% Nonidet P40, 0.5% Sodium
deoxycholate, 0.1% Sodium dodecyl sulfate (SDS). pH7.6) H C#JE k7=, 4°C,12,000xg T 30 4
[l Doy BEL 721, BIEZ 95°C T 5 ZofRIMEEL T, 10%R 7 S UifR I~ LR T 7YV T IR L
(SDS-PAGE) EXWKkENL=1% ., RV 7 (ke =UF > (PVDF) f& (Millipore, Bedford, MA, USA) |-
(ZHEE L7, PVDF BT — PR L T4 MAPK 5O B2(L MAPK (p-MAPK) BXON 775
ATKHT DR FRESHUA (Cell Signaling Technology., Danvers, MA, USA) THLEL/-#., —k$iikLL
TAULAFIH —PHER BT Y- 19G HifA (Cell Signaling Technology) CTHLE 7=, ASFEERCEHL
c—RPUKIT Table 4 (TRLTz, EHIZ, PVDF &~V Ao 2 — B3 aiA3E (Western Lightning
Plus-ECL. Boston, MA, USA) THLEL %%, (b FFNT 7TV A3k EERE (Fusion Solo S,
Viber, Collégien, France) THiHL7=, &F MPAK X p-MAPK ORBLEIT p 77 F L DORBLE
TR, p-MAPK/MAPK L CHRRLTZ,

10. HEFHEOHRE
W1,
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Table 3.
Primer used for detection of mouse mRNA transcripts in this study.

Target Length (bp) Sequence Accession Number
Fw 24 5-GACATGTTCAGCTTTGTGGACCTC-3
COLIAL NM_007742.4
(collal) Ry 22 5-GGGACCCTTAGGCCATTGTGTA-3'
Timpl Fw 22 5-GGGCTCCTAGAGACACACCAGA-3
. NM_001044384.1
(timpl) Rv 19 5'-GAGGATGCCAGATGCCAGA-3
Fw 21 5-TTTGGCCCATTCCAACCATTA-3
ACTA2 NM_007392.3
(acta2) Rv 22 5'-GACAATGGCTCTGGGCTCTGTA-3'

Fw, forward; Rv, reverse.

Table 4.

Primary antibodies used for western blot analysis in this study.
Antibody Source Identifer
Anti-beta-Actin Cell Signaling Technoligy #4870S
Anti-p44/42 MAPK (ERK1/2) Cell Signaling Technoligy #4695S
Anti-P-p44/42 MAPK (pERK1/2) Cell Signaling Technoligy #4370S
Anti-p38 MAPK Cell Signaling Technoligy #8690S
Anti-P-p38 MAPK Cell Signaling Technoligy #4511S
Anti-JNK Cell Signaling Technoligy #9258S
Anti-P-JNL Cell Signaling Technoligy #9251S
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5538

HoRN

25

ES

1. TNBS AEEAGNE G ZFHR S0 RGHHERE C %95 TRPM2KO D522

FIGRRHERE DIFREIZF1T D TRPM2 DR EIZ AL 57, TNBS (0.5, 0.75 3350 1.0 mg/~
U A in30%TH ) —/VIEHK) A 1IEMIZ 11E] 2 HEFEEIZ TNBS OfREZHE &L TEAGNIZE 6 [FIK
BT 2L I0FH RSN RIGHHEIEDOW AEE WT LU TRPM2KO ~ 7 AT BT 72
(Fig. 14A), EBIARI I3 DIREREINE TNBS DR E#H5-125V Control L ELik L CHiIfISHL7Z
N, TOREEIT WT <7 ALl T TRPM2KO ~ 7 A TIEHHI S, 4~7 I B TIEEoimslids
B Cho7= (P <0.0001) (Fig. 14B), TNBS Hcf&f 5- 2 I3 T, RGO M ABIEII I3,
ZOFEEILWT <7 A (8.70 £ 0.116 cm) ELE#EL C TRPM2KO <A (9.55 + 0.203 cm) CII A EIZ
stz (P =0.0027) (Fig. 14C),

HE Yeft FICHE IR 3 R IIREIAT T 572 L 2 A, TNBS Sk 5 2 % ORI T,
RAEMEMAR ORI, Rz O —EBd , I, FRABRaFs K OMR OB H 2 FHME 95 PR O
HIEENBIERS =AY (Fig. 15A), ZDOFEFEL WT <7 % (6.38 + 0.324) LEb#L T TRPM2KO <
2 (3.63+0.324) TiIA B (P <0.001) (Fig. 15B),

MT Geta FITHRHEIC D W GRER IR A1 T o724 24, TNBS Sl - 2 % O KT,
HERSRE 36 LUK T @ 12361 2 (o CYL SN DIBIFHRHE D L I RS DIV AREIE A Bl 22
NI=AS (Fig. 16A), TOFEEEL £/~ WT =7 % (2.67 + 0.0860) &kl T TRPM2KO <74 (1.06 +
0.181) CIXHEICMHIZNT= (P <0.0001) (Fig. 15B),

RIGHRHERE DIFZE S Tl COLLAL, TIMPL 3511 ACTA2 72 & DR BEA - mRNA 881
OHIMMNERES =2, 2SOVt TRPM2KO ~ 7 ATIEA Bl (EnEn.,
P < 0.0001, P = 0.0005 #JL U P<0.0001) (Fig. 17), [AIERIZ, KIGHRHELE DIFHZE Tld TRPM2 mRNA
DFEFLENINL T3, TRPM2KO ~ 7 ATl TRPM2 mRNA (I &2 -7= (Fig. 18),
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A 0.5 mg/ 0.75 mg/ 1.0 mg/

mouse mouse mouse Euthanize
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e T 0T 3§ 8 =
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Fig. 14. Effect of TRPM2 deficiency on chronic colitis-associated fibrosis induced by repeated TNBS
injections. Chronic colitis-associated fibrosis was induced by repeated weekly intracolonic TNBS injections
(0.5, 0.5, 0.75, 0.75, 1.0, and 1.0 mg/mouse in 30% ethanol) for 5 weeks. Colonic fibrosis was examined 7
weeks after the onset of TNBS injections (A). Body weight was determined weekly (B). Colon length (C)
was determined 7 weeks after the onset of TNBS injections. Data are presented as the mean + SEM. (n = 8).
Statistical significance was analyzed using a two-way ANOVA with the Holm-Sidak test (B, C). *P < 0.05
vs. WT, #P < 0.05 vs. control (without TNBS).

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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Fig. 15. Effect of TRPMZ2 deficiency on chronic colitis-associated fibrosis induced histological damage.
Histological score (A) was determined 7 weeks after the onset of TNBS injections. Representative image of
HE-stained sections (A) and histological score (B) of colon tissue obtained from WT and TRPM2KO mice
7 weeks after the onset of TNBS injections. Scale bars : 50 um (A). Data are presented as the mean = SEM.
(n = 8). Statistical significance was analyzed using Kruskal-Wallis analysis, followed by Dunn’s multiple-
comparison test (B). *P < 0.05 vs. WT, #P < 0.05 vs. control (without TNBS).

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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Fig. 16. Effect of TRPM2 deficiency on chronic colitis-associated fibrosis induced pathogenesis of
fibrosis. Representative image of Masson’s trichrome (MT)-stained sections (A) and fibrosis score (B) of
colon tissue obtained from WT and TRPM2KO mice 7 weeks after the onset of TNBS injections. Scale bars :
50 um (A). Data are presented as the mean £+ S.E.M. (n = 8). Statistical significance was analyzed using a
Kruskal-Wallis analysis, followed by Dunn’s multiple-comparison test (B). *P < 0.05 vs. WT, #P < 0.05 vs.
control (without TNBS).

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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Fig. 17. Effect of TRPM2 deficiency on chronic colitis-associated fibrosis induced the mRNA
expression of COL1A1, TIMP1 and ACTA2. The mRNA expression of COL1AL, TIMP1, ACTA2 in
colon of WT and TRPM2KO mice (A-C). Data are presented as the mean + SEM. (n = 8). Statistical
significance was analyzed using a two-way ANOVA with the Holm-Sidak test (A-C). *P < 0.05 vs. WT, #P
< 0.05 vs. control (without TNBS).

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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Fig. 18. The mRNA expression of TRPM2 in chronic colitis-associated fibrosis. The mRNA expression
of TRPM2 in colon of WT and TRPM2KO mice (A). Data are presented as the mean = SEM. (n = 8).
Statistical significance was analyzed using a two-way ANOVA with the Holm-Sidak test (A). *P < 0.05 vs.
WT, #P < 0.05 vs. control (without TNBS).

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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2. TNBS REEGNEGIZLVFHES D RIGIMEIEIZI T DA NI A2 | T EIA L BLORE
K7 FE 8Kk 9% TRPM2KO D5

TNBS e KIGIHEEIC IS T DRIEVE AN A r B A2 Thl, Th2, Thi7 BEEH A A
BILOENLOEZER D mRNA 34 RT-PCR ICEVHEIELZ, TNBS O EEMNEE 513, &
feke b 2 MBIZIE, WT IZBWW T, SIEMARIA ThD TNF-o SBUTABITHMLIZS (P =
0.0002). IL-1B 3L TN CXCL2 FHUFZEA LR BN 7= (Fig. 19A-C), 2D TNF-o FEELOEEN
1% TRPM2KO ~ U A TITA EITHIfIE7= (P =0,0002),

WT <~ RIZENT, Th17 S baFEs LU LIFEIC R 595 TGF-B1 HELIA BIZHL 7=
75 (P<0.0001), Thl SLFEICRE 5975 IL-12a, Thl faBEEASIS IFN-y 7280 Thi BEY
NIA Thi7 S bFEIZEE 5975 IL-6, IL-23a, Thi7 Mifan SpEAESivs IL-17a 7280 Thl7 B
FANIAL | SHIT Thl BETh17 OESE R TohDHEIE 41 T-bet 35U Roryt FEBU I HZE{ LS
PO LIR-Te (Fig. 20A-H),

—J5. Th2 73{baHEIZEE 535 IL-4 (P < 0.0001), Th2 M HREAS LS IL-5 (P < 0.0001), IL-13
(P <0.0001) 72 Th2 BHELAMIA L BLOZDERER - CThsd GATA-3 (P < 0.0001) FHlix
TNBS SAEERGNEG1ZED WT <~ A TIEE RIS, ZhooBix 3 it TRPM2KO
< AT EICHHISZ (FRFH P < 0.0001, P < 0.0001, P < 0.0001 3L 08P = 0.0025) (Fig.
21A-D),
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Fig. 19. Effect of TRPM2 deficiency on the upregulation of various proinflammatory
cytokines/chemokines and in the colon with chronic colitis-associated fibrosis induced by repeated
TNBS injections. The mRNA expression of TNF-a, IL-13, CXCL2 in the colon of WT and TRPM2KO
mice 7 weeks after the onset of TNBS injection (A-C). Data are presented as the mean £ SEM. (n = 8).
Statistical significance was analyzed using a two-way ANOVA with the Holm-Sidak test (A-C). *P < 0.05
vs. WT, #P < 0.05 vs. control (without TNBS).

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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Fig. 20. Effect of TRPM2 deficiency on the upregulation of various Th1/Th17 related cytokines and
their transcription factors in the colon with chronic colitis-associated fibrosis induced by repeated
TNBS injections. The mMRNA expression of 1L-12a, IFN-y, IL-6, TGF-B1, IL-17a, IL-23a in the colon of
WT and TRPM2KO mice 7 weeks after the onset of TNBS injection (A-H). Data are presented as the mean
= SEM. (n = 8). Statistical significance was analyzed using a two-way ANOVA with the Holm-Sidak test
(A-H). *P < 0.05 vs. WT, #P < 0.05 vs. control (without TNBS).

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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Fig. 21. Effect of TRPM2 deficiency on the upregulation of various Th2 related cytokines and this
transcription factors in the colon with chronic colitis-associated fibrosis induced by repeated TNBS
injections. The mRNA expression of IL-4, IL-5, IL-13, GATA-3 in the colon of WT and TRPM2KO mice
7 weeks after the onset of TNBS injection (A-D). Data are presented as the mean + SEM. (n = 8). Statistical
significance was analyzed using a two-way ANOVA with the Holm-Sidak test (A-D). *P < 0.05 vs. WT, #P
< 0.05 vs. control (without TNBS).
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3. BHiFATURE e TNBS BABEIGAE G-I LOFH RSN D RIGHMHEE 32 B B
IR 36 J O B B H AR R B 9% TRPM2KO Dig 2

~ a7 =R E ORIEGEMIE (BRI BXO R AN B IO (FEE B
SJHRE) DWW FUTFEBLT D TRPM2 A3 RIS BEHRHEEDORREIZ B 5-L Qo0& G NI T
L7z, TRPM2KO U A% W TH BEF AT~ U AR U217 o7z, WT F7213 TRPM2KO
<A (R —~<TR) ORI B i BoERED X #4322 TR i
ZFEIRSE T WT £721X TRPM2KO v % (LB b= R) [TBHET 58T, & 4 FREO B
F AT AEAERL T2 (WT ~7AOEHHIfNE WT <~V A BELIZ~ T A WTSWT, WT <A
O E#iE TRPM2KO ~ 7 A ZBHEL 7=~ A: WT—KO, TRPM2KO ~VADE % WT ~7 AL
L7z~ A KOHWT, TRPM2KO ~ 7 ADFHfiZ TRPM2KO v AIZEARLTZ~T X KO—KO)
(Fig. 4),

TNBS DOFAEEMGNI L, W NOFED B HiF AT~ 7 AT B THIREOE NI S D
THAAFEDHITZM, TNBS Ok 5 2 #HH H (TNBS $¢5:5846 7 HF B) (23B8W\Cid, WT <
A EBERIEBHEL 72 WT-WT BLO WT—KO <7 AL L T, TRPM2KO ~ 7 A0 5 B
EBAELT. KO-WT BLU KO—KO w7 ATIXMREJIA BEICHflShe (Z2hZ24 P=0.0025
FLO P=0.0007) (Fig. 22A),

TNBS fféix G- 2 I B ITIIRIGOREMEA BRSNS ORI WT ~ U 20 E ffiflifn 2
FEL 72 WT-WT 3L ONWT—KO w72 (WT—WT : 10.1 + 0.158 cm 31T WT—KO : 10.0 + 0.112
cm) EEEEL T, TRPM2KO ~ 7 A0 B fiflifluzBHEL 72 KO—WT BXLTY KO—KO w7 A (KO—
WT :10.8 +0.160 cm LN KO—KO: 11.0 £0.126 cm) TiIAEZHflshy- (<4 P =0.0035
FLO P=0.0007) (Fig. 22B),

HE Gt N O FRIREMIZ I U T, TNBS & 5- 2 ] H O RIGIZIRB VT L, WT v 2D F
BEMIRZ L7 WT—KO LN WT—KO ~UATIE, _EREOERSHINLYE . FEIE, JENEeR
M. PR L OMa O ERE DHEEORENZERO BN (WT—-WT : 5.75 + 0.366 35OV WT
—KO : 6.50 + 0.327) 3, THHDZEAKIZ TRPM2KO ~ 7 20 B iz BHEL 72 KO—WT 3L
KO—KO ¥7A (KO—WT : 250 +0.189 3L KO—KO : 2.13 + 0.295) CidAEIZMHlISiz (W
I P <0.0001) (Fig. 23),

MT Zef | LDBRHE LR FHIRHII IV Th WT DU A E#iIZ BT WT-WT BXLT
WT—KO ~7 ATl Rl 36 LUK T  CBIFREHED TLAE IR DT DIV OHERE DS BIZR S
7= (WT—WT : 2.75 + 0.105 331 TN WT—KO : 2.52 + 0.140) 73, ZALHDZE{KIF b TRPM2KO
~ A EBEHINEZ L7 KO—WT 310 KO—KO w72 (KO—WT : 0.458 + 0.108 33118 KO
—KO0:0.583 £0.151) TITA RIS (W huh P <0.0001) (Fig. 24),
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Fig. 22. Involvement of TRMP2 expressed in BM-derived hematopoietic and no-hematopoietic cells
on chronic colitis-associated fibrosis induced by repeated TNBS injections. Body weight was determined
weekly (A). Colon length (B) was determined 7 weeks after the onset of TNBS treatment. Data are presented
as the mean + SEM. (n = 8). Statistical significance was analyzed using a one-way ANOVA with the Holm—

Sidak test (A, B). *P <0.05 vs. WT—>WT.

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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Fig. 23. Involvement of TRMP2 expressed in BM-derived hematopoietic and no-hematopoietic cells
on chronic colitis-associated fibrosis induced histological damage. Representative images of HE-stained
sections (A) and histological score (B) of colon tissues 7 weeks after the onset of TNBS treatment. Scale
bars : 50 um (B). Data are presented as the mean + S.E.M. (n=8). Statistical significance was analyzed using

a Kruskal-Wallis analysis, followed by Dunn’s multiple-comparison test (B). *P < 0.05 vs. WT—WT.

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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Fig. 24. Involvement of TRMP2 expressed in BM-derived hematopoietic and no-hematopoietic cells
on chronic colitis-associated fibrosis induced pathogenesis of fibrosis. Representative images of MT-
stained sections (A) and fibrosis score (B) of colon tissues 7 weeks after the onset of TNBS treatment. Scale
bars : 50 um (B). Data are presented as the mean = SEM. (n = 8). Statistical significance was analyzed using

a Kruskal-Wallis analysis, followed by Dunn’s multiple-comparison test (B). *P < 0.05 vs. WT—WT.

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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4. BRI b~IaT7 77— BT O b B AMNIA L B IOV EA L FBLIB L MAPK U2
{BIZH4% TRPM2KO D2 %

B R 2% 36 L ONKIG 2% BEERRAEIE O f BB 2 B3~ D RAE SIS 2351 5 TRPM2 D4
ZSHISFEBICIRETT 2720 . v U AP BRI B s~ a7 77— 103k in vitro S04
T HO2 \ZED P AMIALV BT ENALFEEBL, 7B NIATE MAPK DTEMAKIZ OV T WT w7
& TRPM2KO U A THEBMFI LIz, WT vV 2D b~ 2707 77— HO; (10 nM) ZALE
L7=EZ A, 3 BRI RIEME YA A TdD TNF-o. (P < 0.0001), IL-1B (P < 0.0001), 7EHA>
Td% CXCL-2 (P <0.0001), Thl 53 b#FEIZBE 535 IL-12a (P < 0.0001), Th17 /3 baFEIZBa 535
Y ANIAL TS IL-6 (P = 0.0015), IL-23a (P = 0.0043), Th17 Z3LasER2LONTHHE(LIN - ThD
TGF-B (P <0.0001), SH{Z Th2 S {LiFEICEE 5975 IL-4 J8L (P=0.0041) DOEEEEIMNMBILESH
7= (Fig. 25A-C 3L U Fig. 26), Z3UZxL T, TRPM2KO ~ 7 A0 B s b~20 77— Tlid H.0,
WLE 2L DZNHDYARIA L HEBLOE IO T b A BICIflShie (424 P <0.0001, P <
0.0001, P < 0.0001, P = 0.0043, P = 0.0011, P < 0.0001, P = 0.0046), TRPM2 F&Hi% [FlA#IZ HoO, ALE
(Z&D WT w020 E i b~ 7v7 77— TIIA BIHEMLZ2Y (P < 0.0001), TRPM2KO w7 AT
BT S e -7 (Fig. 25D),

B b~ra 77— TR D HO MLEIZ LD MAPK DIFHEALIZ DWW T, A T iy NIE
D WT BLO TRPM2KO v A TEHIMRFL 72, WT ~ VU ADOF M b~ra7 77— 125175 H0,
QUEIT, 1 HERI# 1213 ERK (P = 0.0024). JNK (P < 0.0001) 35J:0% p38 MAPK (P < 0.0001) dV - figdl
FABEICHIISE223, 260 MIV 3t TRPM2KO ~ U RO F i/t~ 7— Tl
sy (24 P =0.0005, P<0.0001 L0 P<0.0001) (Fig. 27).
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Fig. 25. Effect of TRPM2 deficiency on HO.-induced upregulation of various proinflammatory
cytokines/chemokine and TRPM2 in bone marrow-derived macrophages (BMDMs). The mRNA
expression of TNF-o, IL-1B, CXCL2 and TRPM2 (A-D) in BMDMs stimulated with H,O, 3 h after
treatment. Data are presented as the mean = SEM. (n = 8). Statistical significance was analyzed using a two-

way ANOVA with the Holm-Sidak test (A-D). *P < 0.05 vs. WT, #P < 0.05 vs. vehicle (without H20,).

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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Fig. 26. Effect of TRPM2 deficiency on H.O--induced upregulation of various Th1/Th2/Th17 related
cytokines and TRPM2 in bone marrow-derived macrophages (BMDMs). The mRNA expression of
IL-12a, IL-6, IL-23a, TGF-B1 and IL-4 (A—E) in BMDM s stimulated with H,O, 3 h after treatment. Data
are presented as the mean = SEM. (n = 8). Statistical significance was analyzed using a two-way ANOVA
with the Holm-Sidak test (A-E). *P < 0.05 vs. WT, #P < 0.05 vs. vehicle (without H,O).

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.
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Fig. 27. Effect of TRPMZ2 deficiency on H,O-induced upregulation of phosphorylation of MAPKSs in
BMDMs. ERK, JNK, and p38 MAPK phosphorylation in BMDMs stimulated with H,O, 1 h after treatment.
Representative images of western blotting (A) and quantitative results of densitometric analyses (B-D). Data
are presented as the mean + SEM. (n = 8). Statistical significance was analyzed using a two-way ANOVA
with the Holm-Sidak test (B-D). *P < 0.05 vs. WT, #P < 0.05 vs. vehicle (without H,05).

Nakamoto T., et al., J. Pharmacol. Sci. 2024, 154, 18-29.

51



AN =

Bl

% 1 BEIZBWTC, TNBS HEIEGNE G IV RSN LA RBROFEIC~ /a7 7— U7l
PAESILABNCHEEL T2 TRPM2 23BA5-T 228 -2 DIEMIT ThU/Th17 B OTEME LA ST
LCWDZEEBMNICLTZ, ZHETIZ, TRPM2 134 OLIERIG~D B HIZNZ T [64-66], 124
oz T~ 2n 77— 3B TV % TRPM2 73 PARP #2384 /rL7= ADP VAR —ZpE
A2 X~ T CXCL2 Z AL, FRHEEIC 5L QDI e [64, 65], M IZIBV Tk TRPM2 A3 HL
ERBES OHEBR . M RREO(EHE AN ~D~ 17 57— 8 3 L O A Ml E A (R L |
FARIE LIC A5 L QDB ZE [66, 67]. F-B IV TH TRPM2 A3 TGF-B1 1255 INK L T8 NF-
KB DIEMEALSE BHAHEEICH G L Q0D ZE [87] 7oL OIRREDHE B ZI 5-45Z L i &
ILTCND, LU EDIHNTEMEH DR EE THLOMEIZTIL Th TRPM2 23BFE-L TWDZ D, H b
LIS Dl THOMNITRD 228D, £ TARRETIL, CD B TR IZBIL DB DR rH
HMEALIZF81T D TRPM2 DAEIZIAGNT T 5720 ARIREED TNBS G GAZ IVFFE S D KGH
HEETT VBRIl . TRPM2KO ~7 A% W TR,

EHFE D TNBS O SR RGAN 5-1%, ol & el U CIR BN S AL 7203, 2O IT WT
~ DAL T TRPM2KO ~ 7 ATl BT Th-o72, TNBS Hifé G- 2 M I TR0 R
MEAVBIEES T, EORED E/2 WT w7 AEHHZL T TRPM2KO ~ 7 ATl BICHfilSiv,
TNBS D&t 5 2 HH#ZICIHWTE, BMHERIBRET L OBIERO HIVT-HAL 72 R IRAHE X
BERSNI2 T pS, SIEMERII IR, AR L OEEmOEE . RO BINYE e & O/
HIEEDBIEZES L, MT Geta T CIIREIEEE 36 LUK B BRHED B FED RO b, SHIT, TR
ERFTCIE N BaT—4 00 1o 85 TdhDH COL1AL [94-96], AR ELE 2 FEA= D ARHE S 28
195 ACT2A [97, 98] BILOMINASNEE A o fif 3+ o A40 7 077 —E&#HE TS TIMPL [99] 728
DT L~ —7—D mRNA FEOHEMNDFRH O [100], 26O FE R, TNBS O AEIE
AN G 0 KA AR SAE N BRHEA L DS AL CODZEE R L TD, ZHDZ IXN T
H WT v A& HHZL T TRPM2KO ~ U A TIEAEICHfIS 7z, L72h3-> T, TRPM2 [3atE KRG %
DAHTLET | B OB LOFFREERIZH BT 5L QDb D HHEERS D,

TNBS DR BN G LIRS D KM BRESRHEE O RIHIZ I T, Th2 BREY-At 7
A2 D IL-4, IL-5, IL-13, Z D EK 1 THDH GATA-3, IHITIE TGF-BL FELMNEEANL TV =23, Thl
FEO Th17 BHEY A AL OFBUIZE DTS BTz, IO T, TNBS 7
KIGZ DM Tl Th2 S OTEMAL T TWAZE [101], 72 TGF-p1 OREAH A
LTEARHEIEDSEC QOB ZERE MRS TS [102], TGF-BI 1E, Th17 #fED S LIZBEEL Tna
2, b CD BRUEBREIMI 3517 2 K R BHESHERE DI TIC B 53 oML ARt 5 AT 1=
—H—LLTHHIBN TS [103], TRPM2KO ~ 7 A Tlid, ZHVH KIS BEERRMEIE D KIS CTHlbL
% Th2 BREH A NI A L 72 TNE TGF-B1 ZFELOHINIA Bl vz, SHIZ, BHiF AT~ AD
RFHZHBUW T, 2258 D TRPM2KO ~ o AL AR KRS 2 BREAHEIE O FIHlIE, TRPM2KO ~D ADH
BERIA L 7= KO—WT =7 2B LN KO—KO v A TRDBIL, LA T, KIS B ME
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FEOJFRREMERR 2R\ Th | B HIIRIC BT TRPM2 S EE/EEIZ L QD OEHELRES
ND, ZNHOFRERIT, B IR L5 TRPM2 2NEMERIGR O H725 3 1B O KIG%K
BEELHRHERE DN AEIE R I ZH B 5L QDT EARIEL CUD, TRPM2 [ XM CBISALD Th2 fafEii
BEBIONTGF-Bl 2 LIz i L 7 L DIEMAICE 5L QWAL D L HEERS NS,

~ /a7 7 — UG E SE R D N IR H RO RSN B W CEERAEIZHE T [28],
IBD OEMEINZRTIE, ~78 77—V OIFHEAGIE ThUThL7 S RUGEREL | JRIEDHERE 5 &
HEod [29-34], — 7. BMEHNCRB W TIL, ~r/n T 7 —1% Th2 a2 L CRAEDINR , #HAE
DIEE. VBTV BHEAT 4= — 2 —DREAZ AT AL T, IBD OIERITEPT 5 [35-37]
D3, BRIV DEENC A U7 BRI & 7o B OFE D RN S 72 DIRIIRRHE L ~E D72 3% [36-38], 52
BR, ~v7m7 77—, Thl, Th2 IE O Th17 i g OTEHA bR LI B3 258 4 O A A
VERPEATD [104, 105], AEBROIFHETHD TNBS #HIL KNG TIZIABMNIT2 > TN, [T
IBD OFFHEE T L TdD DSS Ft KIFRIZEB W CliE~ra7 7— U 0iHEIE WT & TROM2KO C[A]
FRECThHo72Icb B 5T, WT LRl L C TRPM2KO G RED AL M NI S AL CUODZEDAB T
7255 [63], 44, TNBS LAt KGR BIOKGRBLERMHE B\ Ch~r/n 77— 0
FHEIC OV TIEREL SRR CUKILE RS DR, w707 77— IC5B14 % TRPM2 AN a2 il
[ZBA G- L QOB ATEEMES MWW EHEER SIS, £2C, v /a7 7 — U ICBI 28 A N A R BLO ]
HNCFTD TRPM2 OPRFEIZHOWT, w7 20 B fififua M-CSF A E (L T #3528 Tvormry
— NG EEE invitro S FICHREILTZ, WT U RAOEHEt~2 a7 57— 12 TRPM2 iE b
FIEHLZT H O A ALE L7225, 3 121 TNF-a. IL-1p 3L TN CXCL2 72X DSIEMA M A
IRTEIAANNZ T, Th MR KIZB 575 IL-12a, Th17 ka3 biZB 5% IL-6, IL-
23a, Th2 fREOMEICREE9 5 IL-4, E5121F Thi7 RO MEB LORRME LOIEEIC B 545
TGF-Bl FEELANT LT HZEABIZLT-, TRPM2KO vV ADHHEMb~ra7 77— Tl
H202 AL IZ L D2 ST A MIA LB BLOBEININT b A BICIfSN=2 0 n, v /m7r—UiC
B1F5 TRPM2 OfEMALIT IL-12a, IL-6. IL-23a, IL-4 LT TGF-B1 FEEIOHINZ 5 [ &AL 42 LM
RS, T7ebb, ~/a7y— 28135 TRPM2 OIEMAI, Thl, Th2 X O Thi7 #ifao sy
{ERRRHEA LS 7 T IV DIFHEALICE 5L T DL OEHEE S LD, —J7, TRPM2 [E~2u77—TLIsk
2 T MRS ICH R B QOB ZERN ARSI TS [59], FERE, TRPM2 1% T #IfRIZISITD IFN-y
R L-17 72 E DV ANIA L FEAITKT U TRERITHEREL TODZENRIILTND [60], L7223 > TC,
~ /a7 7—UIIMA T, T AIZETD TRPM2 b E7- 2 KARZE 0 KNG 2% BEEHRMERE 0O A
IZFEL TS ATEEMD E 2 HLD,

SHIZAMFFETIL, WT ~T RO EHE b~ m7 77— 28155 H0, ALiEIE, ERK, INK X
P38 MAPK DUV ER{L AN HZ L, FI-Z BV BRI £7= TRPM2KO ~ T A0 E #5531k
~ a7y — U TIIA RIS A Z L2 BIZE LT, EREERIZISITD HO, ALE DY TRPM2 TEMEARIC
X0 Pyk2 Fov X —EBDOIEMELE L T ERK ZIEMAL 5L T, CXCL2 22 E DAL 5881
ZBIEEZ T ZENRESN TN [53], £, v/ 77— VBT AR B L IFN-y (2X0 5[ &
SN Db ZREAOEINC TRPM2 OIEH(bA L7z ERK, INK 33108 p38 MAPK Dif{E
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{EABEGLTWDZE [106], EHIC TRPM2 DOFRED INK iEHEA L AR FS52L T, TGF-B1 1255
AR LM SN D ZER ENES TS [54], Pyk2 XA Ca &L T, £ D Fifid
ERK. INK, p38 MAPK 72X MAPK #EB&&IEMEALT 5288 MBI T\Wa [107], L7=3-> T,
TRPM2 NIIERHZFEASNADIE AR I CLOTE LS LD ZE T, Ml ~D Ca2* it ADSEL, Pyk2
DIEHEAL, SHIZZED TiED p38, INK BLTN ERK 728D MAPK #RIEDIEVH LGRS, A58
ANHA LRI ETA L FEEDENNI AL D DEHEES NS,

ABFFENINT, TR R 36 UK 2 BREHHERE DR KT, SHITIT Ho O RUE 4 D B 57
{fb~2m77— Tk TRPM2 FEBLMEINT 52 &2 BIE2 LT, RIRRZRIRZASEICIS1T D TRPM2 FE8LD
BIMTEBEDOFEICB O THRBO BTS2 [108], TRPM2 FEBUENIOMEFIC W TIIRThH
%o ZDRIZDOWTIELR DRI METHD,

F72, ThUTh2/Th17 BEES AR A L DIBIAAI T ROAA T OFERIZ OV TH LMo T
72, Th1 ~OSHEFFEIZEIDS IL-12 1% Th2 SIS OIEM bz L CHflfIic [109], —J5 Th2
~OSHEFFEIZEDD IL-4 1% ThUTh17 S S B OTEMHAITR U TR ER 3528035 T
V% [110, 111], TNBS iX ThU/Th17 S OIEHALE T LIz KRIGREER T 52800, APEHIC
1% ThI/Th17 S8 DIEMIRIZEY Th2 SeZ S I Tfl S, RIEAVEHAEE, ThUThLT7 5E)S
MR T T HITHE Y, Th2 S B OPIHIBAEERSAL, BMERICIE Th2 A BRI 2 b HH OHE
gB23n5, — 75, TGF-p1 OIFHIRITAMER B L OB oW sV ChBigsh-, Th17 ~
DB TGF-1 ITINA T IL-6 EIEL TOBZEND., 1BHEICIIT S Th2 B2 RBREE A~
{BAZIE TGF-B1 I TV A S AL DIBEE-L TOBONE LAV, ThUThL7 735 Th2 A7 2B
B~ OZEACOMFF 2 AL T DI, RRIRFA 2 A N A L BB A R AR T 2 B3 D,

LU EAFETIL, TNBS L AR BIRHEE DR AEHE R IZ TRPM2 3B 5-F 22 LB L7 o T2,
ZDIRFRIZIE, Th2 SefE IR E 72N TGR-BL 24T LT (b 27 L OTEMEA LB G- L Cvdh D&
HELLS LD, AWFFEIZISUNT, TRPM2KO v ATEIZES L. TNBS #id K52 BEEERHEE D]
. BMERIBREZIHI LI R CTHD RS & 2 DiLd, 37205, TRPM2KO ~ 7 A Tlid, TNBS
LKA IR ST | Z D% OB RN BB 7o b AL Ulel o T FIREMEI I E C
R, LinL, w7a77—IIZkiF5H TRPM2 OTEMAKIT IL-4 X° TGF-B1 FBIAHEINS 722870
5, TRPM2 OTEMALIZE R Th2 S n BB LORMIE L 7 L OTEMEA LA 5 [ & 3 ATEMED
FAHIBEZBND, D2IZ, TRPM2 (X CD (28T HRMERGRITINZ T, & omrfiikbic
KI5 2 DA PHEICH L THA HZRIERIER ThHEE L HID,

54



/N

ARETIE, TNBS OE EAGNE G LVFB R S D KGR B EARHEE DR REIZ I 5 TRPM2 D
BEZBONZT AT 12, TRPM2KO ~ 7 2% FAWTHEFTL . RO H RA 157~

1. TNBS i RIS BERRAEE DR BBHERIZ TRPM2 3B 5L CUWAZEAAENNZLT -,

2. TRPM2 [ZRIEMET A NIA LT BIAANTNNZ T, Th2 AR L TGF-pl &AL fiE
b7 F N DIEHAICEE 5-L CWDZ EE BN,

3. BEBEHIGHAEICTEEL TS TRPM2 28 Th2 SfEinE B L O TGF-pl &/ LIcli ks 7 v olg
PEALIZBEG-L QLB EE B NI,

4., B b~ra77— B0 T, H0, 1255 TRPM2 DOIEMHEALAI~ /L R—T D 43bic B 5

T HEFEY AN AL FBBLORRMEA LA FFE 325 TGF-p1 FBHATINTHZEE2HLMNIILZ, F
722 DOVERIZIE MAPK 7 —E DIEMEAL2 B 5L CQUOD ATREMEAMEER SN D,
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%5 1 BTl TNBS O HEIEL N G LSS 2 ERIGZHY TRPM2KO ~ D AT WT <
AL L T ISR SN A 8% R LT, BPERIBRORRE RFT Tl RIEMEFARIA <04
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