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Abz
ACE
APP
APP3m
APP3c
AP-1
Bcl-2
BH3
CHAPS
cDNA
DAPI
D-MEM
DSS
ERK
E-MEM
FADD
FBS
GM-CSF
GPI

HA

HE
HEK293T
HPLC
HRP

1B

IL-1
IL-6

IP

JAK
INK
MAPK
MTS
NaF
Na4P,0-
NasVO,

B

Orthoaminobenzoic acid

Angiotensin converting enzyme
Aminopeptidase P

Mitochondrial APP3

Cytosolic APP3

Activator protein 1

B-cell lymphoma 2

Bcl-2 homology 3
3-[(3-cholamidopropyl)dimethylammonio]propanesulfonate
Complementary DNA

4' 6-diamidino-2-phenylindole, dihydrochloride
Dulbecco’s modified eagle medium
Dextran sulfate sodium salt

Extracellular signal-regulated kinase
Eagle’s minimal essential medium
FAS-associated death domain protein
Fetal bovine serum

Granulocyte macrophage colony-stimulating factor
Glycosylphosphatidylinositol
Hemagglutinin

Hematoxylin and eosin

Human embryonic kidney 293T

High performance liquid chromatography
Horseradish peroxidase

Immunoblot

Interleukin 1

Interleukin 6

Immunoprecipitation

Janus kinase

c-Jun N-terminal kinase
Mitogen-activated protein kinase
Mitochondrial targeting sequence
Sodium fluoride

Sodium pyrophosphate

Sodium orthovanadate



ORF
PA
PBS
PCR
PE

PFA
PI3K
pNA
PVDF
RIP
PRMI-1640
RU
SAPK
SDS
shRNA
SPR
STAT
TBS
TCEP
TFA
TNF
TNFR1
TNFR2
TRADD
TRAF2
Tris
ucC
wEtTNF

Open reading frame

Preadipocyte

Phosphate buffered saline

Polymerase chain reaction
R-phycoerythrin

Paraformaldehyde
Phosphatidylinositol-3 kinase
Para-nitroaniline

Polyvinylidene fluoride
Receptor-interacting protein

Roswell park memorial institute 1640 medium
Resonance unit

Stress-activated protein kinase

Sodium dodecyl sulfate

Small hairpin RNA

Surface plasmon resonance

Signal transducer and activator of transcription
Tris buffered saline
Tris(2-carboxyethyl)phosphine
Trifluoroacetic acid

Tumor necrosis factor-a

TNF receptor type 1

TNF receptor type II

TNFR1-associated death domain protein
TNF receptor-associated factor 2
Tris(hydroxymethyl)aminomethane
Ulcerative colitis

wild-type TNF
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H2 DENRZENR T DHEE. SN SIEREZITED. ZDRERZEL(CBESD
REZZESTED T ET A EZE T DIRIZPR(CH T DEREARD L aniEEN 2 Hl il
LTUWD, COLDHREIERN S DIEIRZASCEDIADREFEOVOLEDELUT,
B hOA ABIER T IRLE IR EDEIREEME (CH T DNES AT LANFET
Do CDIRFTAIFE. AW - FERIE EDiEER L)L COREBESIEIZ (T TR < K
MBS DRIEIC K> TEHIEH SN TH D . EIEHEEYEOTEBMRRIL SIS (34D
TEIRICED. CDXDIR DFLANILICSWTHIRSID S DIEHRZEZE Ulila &
LX DHIE L. ST FIUREETEN. Z<DHE. MilE LDOL T 5—Z2N LU TIT
nNnd. £EEEME (VA R) B LETH—-(CHEET D ET. MRBRISHEEEN
D, —EDEBERIE (STFILART—R) N5l EINDER. HMIBDIEE -
THEHARRSE. U bOA ELEREDEMRIENIED D,

HREARANDS T F)UIE. GIVN\OBHEL TS —. FOS 2+ —TEFNEL
75— BERFEH L T Y—RRE RLRIATOLETH—2N U TRES
ns 2, £, ZRW - BN ICEEQREIEZZIRN S, EIREEEE (o0
AB=2) TINS>RZREDD. £EEEZFHHIL TS, =5(C. INSHfEE
DLETI—DSHBANS T FIVERE - BB I D45 >/ UBOEE L I 2ES
BTHD., ZNSORABEDREAENECD ZET, ST FILERICEENED.
TORERE U TRRIPRBZRESE DS ENMSNTVD, ZDIzs. gD+
IGEMREZ D F L ANV TR U TRBDD FIRRE & S0 ) URIERIE & DERS %z fREA
ESCCDITFIVEENE U FREIRT D &(F. BREETBERDH T, X
HADEIRECDWTCERADI DA CTREESFH CHDIEEXISND.

CDOEOREEDE L, FEFE. STFIUREREN E LTz 2 MRS TS,
NAPCBEC REEEEOH A RBOBEMNIEREE S U TEBEL TER, fIRE A
AR TERI(CR D52/ OBD ) itz 2IES 2EN T, A XF I I/)LO
FIREDEBFF—UREFNERE N, BN A - BFEANAICTHUTEERZLL



BRERARIEZR ST TS ¥, e, RIEMY A SO+ > ICko TEELENS JAK-STAT
SOFIVEIGIT D EN. BERBERBED— DO THDIEE L IXF (I U TRESR
ZEDTENASHIRD, RACIRD T, JAKSTHIVEER (MDJ72F=7) A
ROBAETD OV FBERE UTHERSINTNDS *, TOKDIC. HEEBOFAE(CRHEY
BV FIUREEFRTL. TDIDFILETIET ZIERRE. BEREEREREUHE
IRHEBNRBOBEICSBASKEMIDEDELHAFINTLD,

[T, HERBEEREDOFRIEPBLICEEL TS ENIESMIIRD>THD., BIE
=Gy RD—DE U THEMEATNDIEDIC, RIEMY 1 S >D—FETHDIE
JBIRTEAIF (Tumor necrosis factor : TNF) 733, TNF (&, RO ZEEEED AR
(CEEREEZEDII/I\IETHD. BEIYDIYFORIEMRER (VO—-29K - &
BHERBA). SRMEBUEREDESRERBORESEBEN> TS %, RE=
EREUTHE - #EEID TNF (. BUKZE®RTHD2DDLEZTHF—. TNF
receptor type I (TNFR1) T TNF receptor type II (TNFR2) %Z7T U CHIFERAS
DFINELEZ D 0% CNETOMRT. MEFRRDIEBERERI ZENDN>TH
D, TNFR1 2T FILH TR b= ZFBORAEDEL(C. TNFR2 ST HILAMERRDE
FOIETEICRND EENTULS 2, e, ansD&Eld. LTS5 —0FRIR (BTE)
IREE(C K> THERIHIESNTE D TNFRL D R4 72 HRE (CIA < FIRT B—7. TNFR2 D
FIRIRBHTH D %, &DOIF TNFR2 (&, T Hifa EerEign—3oRE 1L —
S 3 ARG, BRI E LBV TDHERINS D P18, ZIEDMHAZRI
(CRO>TRENFETNDEEBHMENTND Y,

CNET. BERBEEREDRES TNF SJF)LEDERBIFZENC. LETH
— w70 MRORZRAWZEZ < ODRTHITON. TREBOFRE - BLIZIF TR,
ZOBREVERBICHELETI—DIITFILAEES TR ENREEINTSE I, KT
TNFR2 (CBIL Tl FRBEFTILIYIRICHLNT, TNFR2 RIEH. BIEBIE KRR
fE. BiRERERREEBLETE D T EMS 1810 TNFR2 S0 F)LAVAER(C & > THRESID
HIODEEIZIBDS Z EMBASHNCRDTND Ve E5(C. TNFR2 20U, (DEHRE
YER 202! otiRMREER 227, BRIAEEILEZING T BN 2R ORI T i



(Treg) OIEMEAL 42 IRE(CERENHB T ENBESHERD, TNFR2 5D I L%
T BT LT, BAMRBOBEICDRABZZENPFEINTND. U UIh 5,
CNSDEEE. EEREMIETILRRRIERNSIEHSNIZIRKRTH D, TNFR2 D
T FIUGEDFRMNSASMNTRD e ETIFRW, FZIRE. TNF HEEITDIED
RREREDREZENE LT, TNFEEZETHSD TNF HHFUA (1> TJUFSTT -
THULRT - TUART) WEBREL TNF L5 — (TARILET N pMEREN.
BNITEERERIBELTONRIEDD. TNSD TNFEERE. TNFSIFHILEITA
THREITDIZENFEREER SNDRBENETPOREEREOFTEEREZERLCL
FSLVDEERFEENDE TS B, COXDIRERDELE. TNFR2 DEDREENE
B2 D FIERRES T FILOMRZIAFL T, BOeRBERICHITSD TNFR2 =40
FILOHIHEIC KD FTeIRABEREOEI O BTN TV Y,

UHUIBYS. DK DI, TNF BERED D FIRARDARER o 1o /AR DRI
(CEFT. TNFR2 S0 F)USEMIBOMBANRE SN TS —75. Bk, TOMEE
TNFR1 EHEBIUTAE<ENTHD. TNFR1 EHBDI I FIUBED FTHSD TNF
receptor-associated factor 2 (TRAF2) WS F)URE(CREIND Z &R EDIHREND
2EDD 1P, RBAIRENE TFIET D. TNFR2 S0 F)LOFBFTHENTVBERE &
LT, @ TNF A TNFR1/R2 OfAICHEETDZE. @ < OMIETIE TNFR2 DF
WEME<. TNFRL ST FILMBAITHDZE. @ H1LTNFR2 7IZX MRz RB
TR TR SO FIUERNRRDATEEMN DD T L7 & 03 TNFR2 ZIZIRIIMND
TR EHETEDIEBRROEIINEE THOIemNZE TSNS, TDR. FEESI(E.
D7 —JRERNEZIME UTZMB ORGZ A U B b1 2 (LU Z S
ITRIMREEHTETTHED., LETY-RFHENCHEE L. VIR NEEXET7> 5
T-ZANEGZERIET DY b+ D EEEOERICHKRINL TS 7%, ZOAKETE
TEEL TNFR2 ZBIRH(SEMETE S TNF ZEKERLNUE. TNFR2 2931
LEMBZRT TS D2OTIFRVNEER T,

B EDBESEDEE, AAFK T, TNFR2 S0 USEHIEDMREAEBMN(C. ME
(CYER L7z TNFR2 1EME1M% TNF Z2AZFIA L. TNFR2 (CHEETDI7H TH—3FD



BRrziAH Iz, TORBR. TNFR2 EDBEEMNEI SN TULVRWFIRRRD FDRETE (AN
L. E5IC. ZDHFE TNFR2 20 F)L EDBEEM(C DWW T ORETH S FTTz /8 TNFR2
SO0 F)REFITEHHECRI 9 DEIRNEVA R ZFZD T, KETHNX E L TEEDHTR
ETHD.
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55—= TNFR2 SJFILEHES > )INOEDIRRER

AT T(E. TNFR2 Z7T UTIZHIRERS D)L 2R K <HT I BD/zsHIC, TNFR2
EEE TNF ZEAZAVC. COZERKE. J7—CREEREZMELEESHH
BICERUETZ /BWZE TNF THD %, J7—KRERRES (G BHHEZ >IN
D8I 7—A— NIV I\OBEOMERE U TRIRSED LT, MiHIR/ (o571
AT 77— M13 OFRAIIERCTERIHECTHD. BIZE. BLFSAITSU—ENE
FHIRETENE, BRI INNOBSA TS —ZR"[DENTEDH. SA4T5U—
DHFMNSBENS > ) DEZIGR(CEEE - FE T DI2HDEERME U TEREN TS,

CORMZEREL. TNF DL T —EEHRIEICIET D 6 hFiDT = BKE
“Leu29, Arg31, Arg32, Ala145, Glu146, Ser147” ZHB7EMN(CEIR LIz TNF ZRIK
ZIRRRUE D7 —2SATSU—2ER Uz, ZDTATSU—DFMn5, TNFR2 (C
HUT/INZ2T EMEINDIRAMECE DL O3> (ckD. TNFR2 ([C#<EE
IRIEMIEEDERARZEUS UTz, BSNIEEEARDL T 5 —EEEIREICDNT.
KE TS XEHIEE (Surface plasmon resonance : SPR) (CKBfrxiTo ok
SR, B4E TNF ' TNFR1. TNFR2 OfEA(ICHEET DD L. BRED—DTHD
R2-7 [ TNFRI A(FHFEAELTEEHERRETT . TNFR2 EIFISEIRM(CHET D EN
BASNCIRD 7z (Fig. 1), Tz flREEMZERE U/ A A7 v 21 Z1T0 )\ TNFR2
ZITUTZ R2-7 DEMEEZ BT UTTRERN S, BFEE TNF S EFOFEREZEITD
EEHIBAL. R2-7 hMENJz TNFR2 A4 ZED TNF ZE2ARTH DI ZEND Mo 1z,
R2-7 (£.”Val29, Arg31, Arg32, Asp145, Asp146, Asp147” NEF = BHRZERL
THD. ZORER. TNFR2 ADFEEIREMMIS SNz EEZ BN,

Z T, AET(E. D TNFR2 $5@14 TNF ZE2A TS R2-7 £V T, TNFR2
SOFIVCEET 259> )\ OBDRRZEITD I,



A Binding to human TNFR1 B Binding to human TNFR2

TNF TNF
__ 100 250
E 80 a 200
o 60 20.0pg/mL =+ 150 20.0 pg/mL
@ 40 2 100
S 20 40pgmL  § 5o g-g “gmt
] 0 0.8 pug/mL 2 0 O Hg
® 20 ‘ . ' © 50 '
0 100 200 300 0 100 200 300
Time (s) Time (s)
100 ¢ R2-7 250 R2-7
O 80 F 2 200
L 6| € 50 | 20.0 pg/mL
2 40 | 20.0ug/mL—§ 409 | 40
c e .0 pg/mL
8 20 ¢ 4.0 pg/mL g 50| 0.8 pg/mL
& 0 0.8 pg/mL &) 0
-20 - - - -50 - - )
0 100 200 300 0 100 200 300

Time (s) Time (s)

Fig. 1 Affinity evaluation for TNFR1 and TNFR2 using surface plasmon resonance (SPR)

TNF or TNF mutant R2-7 (0.8, 4, 20 pug/mL) were serially injected to the TNFR1- (A) or TNFR2- (B)
immobilized sensor chip at a flow rate of 20 yL/min. The bigger response of TNF indicates higher
affinity to each receptor. These sensorgrams were normalized by subtracting the response of receptor
unimmobilized sensor chip.

S$—& TNFR2 S0 FIiEEHDORER

VAT —3FEMIND. RN TF)IUGEZIBDS S\ UERHE. VAR
DREFCHEDS LTI —DIAREBEDZEL(CIE U T, LT 5 —DHIRBEIEADES
ZIRSD. ENBEN ST FIUREDEMHEICENS(FM. FRICEET DT FH)UniE
DFOEEZMN T D ETSIHIVEBIRY DEEEED. HIZE B 120
fHRR EDL TS —(CHEET D E. MIRATERLA IR ITI—FHaEaL. TS
FILMEESND T EMRESTNTND B,

AR THERETD TNF (CHEWVWTERROMIBNFEL. —EHRDUH> RTH
2 TNF (. AU =24THS TNF LETY—DExigEZtzRL. BADT7HFT
HF—DFEN U TSI FIVRGET DT ENMBNTND . $F(C. TNFRL (CEELT
(& AT —DFORTFECKEERITNEA TS D, CNETISEFERRSTF)IURERK
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BIMRESN TS, TNF (CKD TNFR1 ANEM LT D& TR BRXA > EMEINDH
70 77 = JEFEREN 573D TNFR1 OffiflgAEEZ T L C. TNFR1-associated death
domain protein (TRADD) M%#&& L. &5I(C TRAF2 ¥ Receptor-interacting protein
(RIP) M&EAET B ET. STFIUBEESATH S TNFRL complex I A FZRL =1

D, #EULWT. TNFR1 complex I 75 TRADD/TRAF2/RIP &AM EEREL. TNFR1
EFEELTULVZ TRADD D7 R RAA > (CH/zIC FAS-associated death domain
protein (FADD) %Z7TL T Caspase-8/10 i"a& 9D ET. TNFR2 complex II A
EREn. PRE—=2ZXNFEEEND, DFED. TNFRL ST FHILIE. CNSERDT
HTH—3F(CL> TEMI - FREM (CHIEETNTND S &S Y,

—7.TNFR2 (. T A RAA 2B L TH 5T SE L ICAEVHERZAFEEIC TRAF2
WEEEES I DT ET . TNFR2 20 F)VEERDTEZREND EEX SN TS, TRAF2
(&. NF-kB inhibitor & U CTD#&EIZEED IkB OREZFEL . B5RF TdhD NF-kB
ZEHEESERT LT, MROBIEYNERFICESIDEEZISNTNS Y, LKL,
TNFR2 DFFMIRS D) UREHEBIC DLW TIIFINEN TS D, 79 T59—DFEU
TI(EX TRAF2 BISMISHTUL VRN,

T TAEITE. TNFR2 2T FIURECES T D, LRI TH—DFORE
(CrAlF, M#fBICR2-7 2UA> RELTERASERE. LETSH—-(CHREEULIZR2-7(C
X DRBAEZEITD 2 ET. TNFR2 S0 UESHRDIERZ A,

(SRERHAR & 5]
fHfiEE
£ ~ AR Btk T D HEK293T#lIAE(d. 10% FBS RUMAEMEZ ST D-MEM
(Wako) T. k& bAIMA T MAEHkTH S Jurkat #ilE(E. 10% FBS RUMAEZ
E¢ RPMI-1640 (Wako) T. & MFESENAMAIENK TS HelLa HfR(E. 10% FBS
ROHMEMEZ ST E-MEM (Wako) TEZNZNMABTEL. DI TILIT> MR
RROEDZEERICHUTZ. Ffz. human TNFR2/Fas-preadipocyte (PA) #lfa (A2
SR URE BRI A human TNFR2, 2RISR mouse Fas 5722+ AS Lt

11



A —ERTEFIRT DASAHFIEREAZ) 2 (2. 10% FBS RUMAAMIE. 5 png/mL Blasticidin
S (Invitrogen) =& D-MEM THMAIEEL. Y712 JILI Y MREDEDZEEER
(U=,

FIEIPE(C KD TNF/TNFR2 & HRDEHR

15008&ES v v (CHT O TV MARED HEK293T #fE. Jurkat #HAZ.
Hela #ifg. Z=/z. ZNEND human TNFR2 ZEFIRMAL TH S HEK293T-TNFR2
FHRE. Jurkat-TNFR2 #HAB(CHT U T, wtTNF-FLAG XU R2-7-FLAG (% 100 ng/mL)
%z 37°C. 30 DEA=E /. MiigzEUR Lz, 1500885 w1 1 e D Lysis
buffer [50 mM Tris-HCI pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% Triton X-100, 30
mM Na4P,0,°10H,0, 50 mM NaF, 1 mM NasVO,4, 1xProtease inhibitor cocktail
(Roche) 1 1mLZMX. 4°CT 15 DREIREDS L. MR@E SR U=, 14,000 rpm (C
T 30 o0 Uiz, Milgafis U EEZBIURU Tz, RIS, HRBHERRICKIEE
D7 HO—RIBATHD Sepharose CL-4B (Sigma-Aldrich) ZHXT. 4CT 1 B
FiR&ES U, IERENRMESER < T2HDT L oYU —Z OB EIT D1z, LT, &
DHFTBHR(C anti-FLAG M2 agarose affinity gel (Sigma-Aldrich) ZilX T. 4°C
T 1 BfiiR&ES Uz, Agarose gel ZEIRLZ#. 150 pg/mL (SR UTZ 3XFLAG
peptide (Sigma-Aldrich) Z&RNMIT D ET. REABENZHREN(TFHUZ. &
5(C. Bz Microcon YM-10 (Millipore) ZHU\T 3,000 rpm (C TERIOEN 538
U. 3XFLAG peptide ZfrEUTZ.

TNFR2 7297 U T EYEIEDBIE

96 FUIBETL — MMC. 1.5x10*48/50 pL/well @ human TNFR2/Fas-PA #fifaz
#BEL. 1 pg/mL Cycloheximide &4 D-MEM (C TEEPSEAFR LTz wtTNF, R2-7 RO
R2-7-FLAG 50 pL =X 7=, 37°CT 48 BSRZE L=, Cell Count Reagent SF

(Nacalai tesque) ZFU\/z WST-8 assay Z17\L\. HifenEGFXR=EZE E(C. HigES
EEREH U

12



TNFR1 KU TNFR2 ORIREDAIE

fHHRBEL 5% 10° {Blod HEK293T #HfE. Jurkat #H#2. Hela #HfE. AT human TNFR2
LZEFIRMIE TH D HEK293T-TNFR2 #iRa. Jurkat-TNFR2 #fdZ 2% FBS &8 PBS
[CTHB L. Biotinylated anti-human TNFR1 #i4& (BD Biosciences). /(&
Biotinylated anti-human TNFR2 #14& (BD Biosciences) &&= t37/=#. PE-labeled
streptavidin (BD Biosciences) ZBHW\WTEEBLZ, MBELT, 7AVYF/TI2 b
O—JLI4A T4 B Biotin Mouse IgG2a, k(BD Biosciences) . &7z (& Biotin Rat IgG2b,
k (BD Biosciences) ZEtkICRIGEBIzHifeRUREEHMiaZAz, 2E%. g
ZER L. BE 2% FBS &6 PBS (CT#E Uz, FACSCanto flow cytometer (BD
Biosciences) ZHMHU\T. TNFR1 &0 TNFR2 [Fi4flia &t Uiz, SoN/CRIET —
S5, Flowlo (Tree Star) ZAWT. LET5—-DORIREZHENT LI,

Western Blotting
THREERRRE U (FRBABRENZ. &BE 5% (v/v) 2-XI)LAHT KIS /) —IL

(Nacalai tesque) Z=3 Laemmli sample buffer (Bio-Rad) E&EF=RES L. 95C
T 59BN L. CORIGHEZ 10-20% R'JII7IU)LI7= RS)L(e-PAGEL;ATTO)
(CAML. RUXR-=2TJUZ>/SDS #k&)/\w J7— [25 mM Tris, 192 mM Glycine,
0.1% Sodium dodecyl sulfate (SDS) , pH 8.3] ZAWT. ==L 1 HIED 40
mA E&ER T SDS-PAGE Z{iTDfc. DFEN——I(E. Kaleidoscope prestained
standard (Bio-Rad) AU MagicMark Western Standard (Invitrogen) ZRU\/Z,
KB, CIRSARTOVvTa>IREZRAWT, 9>/(U8% PVDF R (GE
Healthcare) ~NEzE L. 4% Block Ace (DS Pharma Biomedical) (CT 4CT—H:7
OwvF>2J UM, HULWT. 0.05% Tween20 Z=3 PBS (0.05% PBS-T) THREL
21, FURIC L DEREBZITD . TNFR2 DRREIC(FE. 1 RFUAE LT, 0.4% Block Ace
THIRULZ 0.1 pg/mL Biotinylated anti-human TNFR2 #i4& (R&D Systems) %&&
JGEtE7z, 0.05% PBS-T THRFULIEE. 2 XA E LT 0.4% Block Ace T 5000 15
IR U Tz HRP-Streptavidin conjugate (ZYMED Laboratories) ZRIbctEz. BE

13



0.05% PBS-T T#$U/z%. PVDF fE(C ECL Prime Western Blotting Detection
Reagent (GE Healthcare) Z#BNL. LAS-3000 (GE Healthcare) (CTIEFEFHA%E
BMHEUZ. TRAF2 OREI(C(E. 1 RFUAE LT anti-TRAF2 #ifk (Santa Cruz
Biotechnology). 2 X#ifk& LT anti-rabbit IgG HRP conjugate (Cell Signaling
Technology) ZHAWT. BERDEIEZITDTIZ.

human TNFR2 FIRNRTA5 —DIgE

human TNFR2 ££ [amino acid : 1-461] OEEF(&. & ~RMEMmY > ) Bk
3k cDNA =581 & U C. Sal 1 site Z=5 3 forward primer (5'-GAT TAC GCC AAGCTT
GTC GAC CAC CAT GGC GCC CGT CGC CGT CTG GGC CGC GCT GGC CGT CGG
ACT GGA G-3') & Not I site ZZ1 reverse primer (5'-GTC ATC CTT GTA GTC TGC
GGC CGC TTA ACT GGG CTT CAT CCC AGC ATC AGG CAC TCC AAG-3') ZRU\T.
PCR [CKDIBIRUTZ, HIRBEZRULIELTZR. Bz FiihZ Gateway T> hJ—~RD%S
—Td&3 pENTR1A vector (Invitrogen) (CS4'—>3> L. pENTR1A-human
TNFR2 RO —ZER UTz, HiL)T. Gateway LR recombination reaction
(Invitrogen) (CKD. MHELFERIRNRIS—T3HD pcDNA6.2/V5-DEST Gateway
vector (Invitrogen) (CHJ-0O—=>2 L. human TNFR2 RIERISF—-E LT
pcDNA6.2-human TNFR2 Z{ER LT,

human TNFR2 ZEFIE HEK293T fHBD/ER
B FEARFC 60-70%DMBZEE (CIRDELDICIEE Lz HEK293T #R2(C.

Lipofectamine LTX (Invitrogen) ZRU\T. EEICHEL). pcDNA6.2-human TNFR2
ZNSORTTOTa> Ui, BnTFEA 48 & LD, 8 ug/mL Blasticidin S&
B D-MEM (18T U, 3 EEMAIEEZ T2 T & T, Blasticidin S MRz 2
FIEIR Uz, #UVT TTNFR1 KU TNFR2 OFEIREDEEMT] DIA(CHEL). Blasticidin S
mi4Era% Biotinylated anti-human TNFR2 antibody TZ L7z, FACSAria II
cell sorter (BD Biosciences) ZF\U\T human TNFR2 [Fi4fligZDER T D2 & T,

14



human TNFR2 % E ¥ iR HEK293T (HEK293T-TNFR2) #ifg =i U =,
HEK293T-TNFR2 #fifgDiidAI5E=(3. 5 pg/mL Blasticidin S §% D-MEM (10% FBS
ROHMENEZZL) TIo .

human TNFR2 ZEFIR Jurkat #iFRD/FR

[human TNFR2 LZEFIR HEK293T MRgD/ER ] DIACHEL, FERUTZ. Jurkat
FHRE(C human TNFR2 IR~ 45 — & LT pcDNA6.2-human TNFR2 ZE A LTz1&.
8 pg/mL Blasticidin S &75 RPMI-1640 TEHIZIRETL). TNFR2 Bt %5 EY
9D ET. human TNFR2 ZERIR Jurkat (Jurkat-TNFR2) HAkEZz#Eiz U7z,
Jurkat-TNFR2 #BfBD##SE&(E. 5 pg/mL Blasticidin S&%H RPMI-1640(10% FBS
RUOMEMEZEY) TITo 7.

(fEREEBER]
TNFR2 207 ) IEEARDIER
TNFR2 OfifeRISCHEE 927745 T 59— FDEEZBEM(C. FLAG-tag (7=
/B&Ec%! : DYKDDDDK) Z@i& a7z R2-7 (R2-7-FLAG) & anti-FLAG agarose
affinity gel Z BB\ T, &IELIE (C KD TNFR2 S0 F)LEERDIER %17o 1= (Fig. 2A) .
TNFR2 Z7T U Tz R2-7-FLAG OEYDEM(E. BFAER TNF® R2-7 ERFTH D, R2-7

D CRIHAD FLAG-tag DELE (. R2-7 DHEEICIEIRE LRV xR U (Fig.
2B).

F9. £ MREBHMak TH D HEK293T flifg. & hRMmfw T #HAZPk TH D Jurkat
fHRE. & b FEEENAMBER TH D Hela HFED 3 EEADMME(CXT LT, R2-7-FLAG
KU WETNF-FLAG ZZ1E 1N 37°CT 30 HMERSBIMla 2 AU\ C. RELEEIT
Jz. REERBE(CKD. R2-7/TNFR2 EE&4X° TNF/TNFR2 EE&HAEIREN TV H
ZIREE S DTz, TNFR2 KU TNFR2 OEIRIOMREA 7S 75 —53F Tdpd TRAF2 (C
X9 D Western Blotting Z1T>/c. TDFER. R2-7-FLAG RIEAEf. WtTNF-FLAG #|
BEEOWLI NG, RELBFEYNS TNFR2 U TRAF2 (F&HENT. SJFILES
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Fig. 2 Purification of the TNFR2 signaling
complex by immunoprecipitation
(A) Scheme of TNFR2 signaling complex

o

N

. Target;
td

Wash-out 1\, (d o
0O

purification by FLAG-tag. R2-7-FLAG or
WITNF-FLAG binding to TNFR2 recruits target
protein (dotted circle) that forms part of the
TNFR2 signaling complex. After cell lysis, the
TNFR2 signaling complex is pulled down using
an anti-FLAG affinity gel. Finally, impurities such
as cell membranes and nonspecifically bound
proteins are removed by washing and the
complex is eluted by competition with a 3xFLAG
peptide. (B) In vitro bioactivity of wtTNF (filled
diamond) and TNF mutants, R2-7 (open circle)

or R2-7-FLAG (open triangle), via TNFR2 was
evaluated by using human TNFR2/Fas-PA

. . assay. Results shown are represented as mean
TNFR2 signaling complex +8D.

Elution
(3XFLAG peptide)

AAERTE TRV &R o 7= (Fig. 3). MIRBARBRE(C TNFR2 /> RHGA
ERETNIIN>IETENS. BRD—DE LT, TNFR2 ORIREBMENT EHEX
SNz, BT T. TNS 3 FBHADMBRICHITS TNFRL KU TNFR2 ORIREE J0—
B b X MU —(CTERT UTZ#E58R . HEK293 T #IRE T (ZEFORIBRNRHSNBEDD.
Jurkat #F272 STNC Hela fFE T TNFR2 DFIRNTA E2sb S Nh o 12 (Fig. 4) .
CNET. TNFR2 DI FILEFNER LN >TZ—RHE LT, Z<OHIRT
TNFR2 OFIREMENC & ESICHEMHIIC TNFRL ST FHILHMBAITH D Z NV
[F5N3 120, AR TIL TNFR2 38 TNF ZEATH D R2-7 ZHNZZ &S,
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TNFR1 ST FILOFE(SHBR TS EDD, HIR(CHFTS TNFR2 OFEIREEMEHRHIK
L\/zsb. Western blotting THRIETE 372D +572 TNFR2 S0 F)LESHNESN

B rEEERBNT.

A HEK293T
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Fig. 3 Formation of a TNFR2 signaling complex in native cells
HEK293T (A), Jurkat (B) and HelLa (C) cells were stimulated with or without TNF-FLAG (100 ng/mL) or
R2-7-FLAG (100 ng/mL) for 30 min. After cell lysis, the TNFR2 signaling complex was recovered by
anti-FLAG immunoprecipitation. TNFR2 and TRAF2 in the cell lysate and immunoprecipitates were

assessed by western blotting.

TNFR2 ZEFIRMIEDIBE

IP: FLAG

Cell lysate

o (©)
50 T o5

IP: FLAG

Cell lysate

o O
F T

IP: FLAG

Cell lysate

CNFETDIREN S, TNFR2 (3 T #liid/d ERERMBCHVWTLEENIRIRENS

WESNTVBIH . BkLzES D, & hAMmE T #2AkTH S Jurkat #RZ(CIS0)

TH. TNFR2 OBRWEREZEFRH Sz (Fig. 4B), €ZT. TNFR2 2L
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Fig. 4 Expression of human TNFR1 and TNFR2 in native cells

Expression of human TNFR1 and TNFR2 in HEK293T (A), Jurkat (B) and HeLa (C) cells was analyzed
by flow cytometry. Cells stained by a biotinylated anti-TNFR1 or anti-TNFR2 antibody are indicated by
the black line histogram. Cells stained with an isotype control antibody and unstained cells are shown
by the dotted line and gray-filled histograms, respectively.

BERZRHE - AEIT DcHICIE. TNFR2 WD (CEIRLUTVWDIRENH D EEX.

TNFR2 ZEFEIR I DLERBTMREDOBEZHC. £ b TNFR2 £EROERFESIZ
O— RIBFIWRIS— (pcDNA6.2-human TNFR2) &L, URTI T o> 3>
EICKD HEK293T #EAE. Jurkat #f2. RU Hela HERZ(SEZFEA L. HULT,

Blasticidin S (CKDFAEIRZITOE&R. WY —5—ZRBULT. TNFR2 ¥Rl
PERUTC. TDFER. HEK293T iR T Jurkat #HfR(C DL TIE. TNFR2 Z&FIRT
DR ERFD I ENTEZ, —7. Hela #liE(d. FEBELEBRDPA+DTHOLEEERS
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. TNFR2 RIRMIRFE SR DTz, HEK293T #iRER T, Jurkat #RZICDULTIE.
RIS EZ TR, RIS, EHRERA SR LT TNFR2 Z5RIR I Dillez
WIF gD ENTE. TNFR2 ZERIRMATIKR TH D HEK293T-TNFR2 flifg RO
Jurkat-TNFR2 #fatEZE(C I L7z (Fig. 5).

A HEK293T-TNFR2 HEK293T-TNFR2
1000 1000
[2] [2]
3 800 3 800
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2 4004 it 3
E £
2 2004/ Z 2004/
0 0 LA B L B L
10?2 10° 10* 10°
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%) . %) 14
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Fig. 5 Expression of human TNFR1 and TNFR2 in cells overexpressing TNFR2

Expression of human TNFR1 and TNFR2 in HEK293T-TNFR2 (A) and Jurkat-TNFR2 (B) cells was
analyzed by flow cytometry. Cells stained by a biotinylated anti-TNFR1 or anti-TNFR2 antibody are
indicated by the black line histogram. Cells stained with an isotype control antibody and unstained cells
are shown by the dotted line and gray-filled histograms, respectively.

TNFR2 ZTERIRMIR(CH TS TNFR2 1EAKDIEER

HEK293T-TNFR2 #if2R% T} Jurkat-TNFR2 #if2(Cxt L T. R2-7-FLAG RO
WETNF-FLAG ZENEMN 37°CT 30 2EASE &, Milgzadmil. US> RICHT
DRIEEZITD Iz, RIEAFERICLTTF—EEENEIUN SN TVDIHMRIET D28
[C. Western Blotting (CC TNFR2 & TRAF2 ikt Uz, DR, WLWVITNOHABIC
HNTH, FIATHRLUZ TNFR2 Z#HIFIR S B DRIOMBR & (FR/RD . WETNF-FLAG
FIBEE. R2-7-FLAG REBEBXOME(CHLT. TNFR2 (#9 75 kDa) KU TRAF2 ()
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50 kDa) A&z (Fig. 6). €D T. IS TNFR2 EERIRMAE(CH LTI,
RIZLFE(CKD TNFR2 EBEURDE SN LR TE T,

A HEK293T-TNFR2

o O
rz?b &F &

& & AN
S ¥

-
- -

B Jurkat-TNFR2

IP: FLAG
TNFR2

Cell lysate
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\Qﬁb \y“o \,v
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[(———
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Fig. 6 Formation of a TNFR2 signaling complex in a cells stably overexpressing TNFR2
HEK293T-TNFR2 (A) and Jurkat-TNFR2 (B) cells were stimulated with or without TNF-FLAG (100
ng/mL) or R2-7-FLAG (100 ng/mL) for 30 min. After cell lysis, the TNFR2 signaling complex was

recovered by anti-FLAG

immunoprecipitation.
immunoprecipitates were assessed by western blotting.

TNFR2 and TRAF2
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S5_Hi TNFR2 SO FIVEES >IN\ OBDEE

AR CEFNDIZHOY>/)\UEZ, DEl - BRI DL/, LC-MS/MS Z
FAWEEEDCLD—ZRICAEST DFEGE —NICSay MNI>TOFAZTIRE
IFENTND ¥, A, BEDITEBOREIOT NI ST (HPLC) DRE. F2F
—IR—XOREERBEMERICELLTED, Y2/ UBEBRAKERETHSH L&
DEEITEE. RTFREEUZEIC, 252 )/\UBZBERTOFAZORENIT D
ET, BE~HTFEEDOY /)N OBZAEI D ENTIRECIRDTETLD. LrL—
AT WA FEvIL LSBT IEEDMEREZAVTHRNICEENDF >IN
DBEZ RN (TN TDBE. SvROF2)I\IBRURY - LTI\ TEIREDE
IR 2 ) \OBNEFENTTIREE TR RIREDOVRWS T FILEED TGRSR T 2R
HIBCEIIREHETHDEEIND, DT STFILEES I\ IBERIFERT DIZHI(C
(F. CNSZEHRNCEMRE - BRI DFENVETHD P, ZDH. BIEICHNT,
TNFR2 ZEFIRMENS TNFR2 ST FHIUEERE U TESNIZRELREE (C (S,
TNFR2 20 FH)LICRES T 292 )\ OBHNEBRREIN TS EEZ SN

ZC T, AEITlE. COEEREMRLTVWDS/\O& =, >3y >0
FTAZORCKDMBFENICHRMTI D E T /TR TNFR2 0 F)LES&ES > )\ JED
BRREAEZAAHT.

(SRR & 5]
BED(CKDY>/I\OBEDETE

E—EE—H [ (C KD TNF/TNFR2 BEARDIER | (CTESNIZENODE
TV ILFILERITDIZ. £9. REBE 5 mM @ Tris(2-carboxyethyl)phosphine

hydrochloride (TCEP-HCI; Sigma-Aldrich) ZHlX T. & T 15 RIS 8.

95CT 15 PRI ED L THV/I\UBEZETTUIZ, =5(C. #&EE 10 mM @
Iodoacetamide (Sigma-Aldrich) 11X, EXUIRRET. =R T 15 DRIRIEET
ZILFIUEZITL. F=D 100 mM L-Cystein (Sigma-Aldrich) ZhilX CTRIGZ{FELE
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UTze HWWT. 1 M Tris-HCI (pH 8.0) &AL T, B Z)LFH)IUELIEY 2 INVOE
Bz pH 8.0 (CFARULZ#E. 10 yL O MUTS AR [Trypsin Gold, Mass Spec
Grade (Promega) ; 100 pg/mL in 50 mM Ammonium bicarbonate] Zhlx. 37°C
T 16 B MKDEERIGZIT DIz, RIGRIC 10% (v/v) BUZJILADOEREE (TFA)
KBRZIMR TEEM (pH<2.0) (SRR L. #EH S AF v T (OMIX Pipette Tips C18;;
Varian) Z W THEIERT F REFFR B U JBHRZERERE O (C TR S B2,
0.1% (v/v) FEKAR 10 pL (SEM L. RIERR E UTz. 2o 1 L ZANWT,
FERAOOY NS T4 —Z2BHE LTI - UZTA A SV TI\AT
Uw REE9DHET (LTQ Orbitrap XL ; Thermo Fisher Scientific) (Cd&3 LC-MS/MS
R ZEITV. BRI F R OBEEELL (m/z 8) ZRELRZ. FHEHSACKD
DEEEAEE. 1 pb/min (CT K/FZERZMJJIL/FEEIC LD 3 BREIDISZI> M
HeEUlz. BoNITAET—IN D5 > )\ OEDRETE(E. Mascot search (Matrix
Science) ZRWT., Z2/I\UBFT—HIN—-XTHhHD Swiss-Prot Z#SIBIT D ETIT
Dz, 13E. TAHANR—ARRDBRIC(F. AFAZEHEDEL. Iodoacetamide (C
KB RAFTA VEEDHIVNZ RAFIULZER U,

TNFR2 =0 )LE8ES > )\ OB DEE

R2-7-FLAG THRIBI U IZHIRRR OFERIB DM Z AL T,. B—FE—80 [RZiLk
(CEL D TNF/TNFR2 EEADBR | [TV, RELEZITO/Z. Hl\C. BIED B8
DRCLDYVINOBEDORE] (CHEV, BEDTZITD LT, RELBEICEEN
29> )OBZRE LTz, RIFNROIERIFOMHEN SRAESNTEY > )\ OBDLERZEIT
L), R2-7-FLAG THRIBUTZHERE (CH W THREN (CRIE SN Y > ) WOBEZEE LTS,

Western Blotting

$E—EB%E—H [Western Blotting] (C#£>7z. Aminopeptidase P3 (APP3) Di&
HI(Z(E, 1 K4k E LT anti-human XPNPEP3 #i4k& (Abcam). 2 RifA&E LT
anti-rabbit IgG HRP conjugate (Cell Signaling Technology) Z U \/z.
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(RREER]
BENDTICKD TNFR2 EEHKSY > I\IBDETE
TNFR2 (CHEET DI TH—DF=IERT D/zsd. HEK293T-TNFR2 #RZR

Jurkat-TNFR2 fifg 5185172 TNFR2 EEEKICEFNDI Y/ UBE#ZS 3 v b
STOFAZORICKDIMERENICHEMT U (Fig. 7A). F9'. R2-7-FLAG RIBETNC
JERIB LT HifRZ AUV T, FLAG-tag (CX 9 DRZEAMERITO IR, REILEEND
LC-MS/MS fEtiZiT D1z, /S NIZHERICDULT Mascot search (CXDFT—HFNR—X
RERZZATV\ RIFBEROIFRIBBHCH VT, ENETNEAESNZI /OB ZLERT D
Z&T. TNFR2 EEERZKT 25 2 I\ OBZRNTZ,

HEK293T-TNFR2 #HARICHUNTI(L. R2-7-FLAG HIZEf & IERIEEF CENTNK
600 FBREDY >/ UBNEESNC. CNSOLERFERZITOLRER. 142 EO5>
INOBNFIHEF CREN(CIRE SN, TNFR2 B&ESY >\ UBE U TGEE TS (Fig.
7B). COHNS. HMEOEREE LS UZFEADT” (Protein score) H'100 L ED
)\ OEZ., AAT7DEWVWEDHSIRICHARZU R hz Table 1A (TRUTZ. TDfE
5. TNFR2 (Accession # : P20333) BIAN®D TNFR2 775745 —3FEULTHISN

A Purification of
TNFR2 signaling complex B
Trypsin digestion Un-stimulated R2-7 stimulated
Mass spectrometry 575 603
(LC-MS/MS)
142

Database search
(Mascot)

Identification of
TNFR2 signaling proteins

Fig. 7 Identification of adapter proteins included in the TNFR2 signaling complex

(A) Flow chart of the identification of TNFR2 signaling proteins. To discover adaptor molecules
related to TNFR2 signaling, proteins included in R2-7/TNFR2 complex were identified by shut-gun
proteomics approach. (B) Mascot database search indicated that 603 or 575 proteins were identified
with or without R2-7 stimulation, respectively. Comparative analysis of results obtained for stimulated
versus unstimulated cells indicated that 142 proteins (gray filled) were specifically detected in the
stimulated cells.These proteins were considered to be potential TNFR2 signaling-related proteins.
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3 TRAF2 (Q12933) dI(Fh\, R2-7 M TNF (P01375) EUTHEESNTEH D, TNFR2
BWERZRMRT DY /OB RAESNTND Z ENEND SN,

Table 1. List of proteins identified in the R2-7/TNFR2 complex

A HEK293T-TNFR2 cells

Accession  Protein name Protein Coverage Mw
score (%) (kDa)
P20333 Tumor necrosis factor receptor type Il (TNFR2) 1324.76 34.06 48.3
Q12933 TNF receptor-associated factor 2 (TRAF2) 916.79 36.93 55.8
QIONQH7 Aminopeptidase P3 (APP3) 868.20 31.95 57.0
Q6S8J3 POTE ankyrin domain family member E 491.72 6.88 121.3
043464 Serine protease HTRA2, mitochondrial 312.19 13.97 48.8
P01764 Ig heavy chain V-IIl region VH26 261.56 16.24 12.6
075190 Dnad homolog subfamily B member 6 202.75 11.35 36.1
P33778 Histone H2B type 1-B 199.04 18.25 13.9
000232 26S proteasome non-ATPase regulatory subunit 12 154.54 2.85 52.9
P01375 Tumor necrosis factor (TNF) 142.65 5.15 25.6
Q969P6 DNA topoisomerase |, mitochondrial 141.54 4.99 69.8
QIUGVE High mobility group protein 1-like 10 137.28 16.11 24.2
P61257 60S ribosomal protein L26 133.64 22.76 17.2
P49458 Signal recognition particle 9 kDa protein 132.52 12.79 10.1
Q8NFH4 Nucleoporin Nup37 129.94 4.91 36.7
Q13490 Inhibitor of apoptosis protein 2 (IAP1) 129.19 9.06 69.9
Q71UM5 40S ribosomal protein S27-like protein 127.66 15.48 9.5
Q9UMS4 Pre-mRNA-processing factor 19 126.62 11.31 55.1
QINR28 Diablo homolog, mitochondrial (DIABLO) 125.61 11.3 27 1
P32119 Peroxiredoxin-2 121.88 14.65 21.9
P40429 60S ribosomal protein L13a 117.41 18.23 23.6
Q6P5R6 60S ribosomal protein L22-like 1 102.65 19.67 14.6
B Jurkat-TNFR2 cells
Accession  Protein name Protein Coverage Mw
score (%) (kDa)
Q562R1 Beta-actin-like protein 2 494 .55 14.10 42.0
P34931 Heat shock 70 kDa protein 1-like 374.37 9.20 70.3
P20333 Tumor necrosis factor receptor type Il (TNFR2) 202.74 13.23 48.3
P01375 Tumor necrosis factor (TNF) 116.85 5.15 25.6

‘Accession’ is the identifier used for UniProt; ‘Protein score’ is the identification score obtained with
Mascot software; ‘Coverage’ is the percentage of sequence coverage obtained with identified peptides;
‘Mr’ is the theoretical molecular masses of the proteins. Proteins indicated in bold are known to be
included in the TNFR2 signaling complex.
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—73. Jurkat-TNFR2 fil@ T (&, &>/ \OBDHRBRELNI N DTz, Fe. AR
DLEE AR 24T D IHER. BEX77H 100 A EDS > ) OE(E. TNFR2 RU TRAF2
ZEHIT 4 HOHFMRE =N (Table 1B).

TNFR2 775 T 5 —53FDRFE
BEDNCKIDRAE=NIZY 2 INOER. EBRICTNFR2 EERKICHEE LTV
7RI D/zsb. TNF-FLAG KU R2-7-FLAG Rligt U7zHlREn 5 DR L ED =

Western blotting (CTEEMT LTz, TDFER. HEK293T-TNFR2 #fE(CH LT, TNFR2
KU TRAF2 (CHEZERITERX D7 DEM > 2 Aminopeptidase P3 (APP3; QONQH7) (&,
U > REFEBECHNT/\> RAERH SN, TNFR2 (CHEEITDZEMHIBALZ (Fig.
8A)., ZF/z. Jurkat-TNFR2 #if@ /% T TNFR2 Z=—@MRIREE/c HelLa #AD
(HeLa-TNFR2 #if2) (CHWTH. EFRICHEEIERENZC NS (Fig. 8B,0).

APP3 (&, BED T CEE &M /z HEK293T-TNFR2 #H2USA DOHARE(CH UL TE TNFR2
EERCHRELTWD EER SN,

Jurkat-TNFR2 fif2([CHVW T BENITTIFAPP3 HEIE NN D TZIRE & U T,
HHREID APP3 RIREDZEVBEENTREDREDZ /R EDEENEZ SN,

A HEK293T-TNFR2 5 Jurkat-TNFR2 ¢ HelLa-TNFR2
IP:FLAG IP:FLAG IP:FLAG
\&\@Q((\y <<\y~ &\GQ((\,‘?“ <<\,?* ’@QQ\?“ <<\/\?”

SINES AR SINES
_— - - - -
IB: APP3 IB: APP3 IB: APP3

Fig. 8 Recruitment of APP3 to TNFR2 signaling complex

HEK293T-TNFR2 (A), Jurkat-TNFR2 (B) and transiently TNFR2-expressing HeLa (HeLa-TNFR2) (C)
cells were stimulated with or without TNF-FLAG (100 ng/mL) or R2-7-FLAG (100 ng/mL) for 30 min.
After cell lysis, the TNFR2 signaling complex was recovered by anti-FLAG immunoprecipitation.
Recruitment of APP3 in TNFR2 signaling complex was confirmed by western blotting using anti-APP3
antibody.
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B=H /NE

ARETI(E. TNFR2 S0 F)URiEMMEDRRER(CMIT T, TNFR2 S FHILICEHZ S
S IINDBOFERERM . £IWHIC. TNFR2 (CHEET S5 >/ U&% TNFR2 =2
FIVEEHERELTESHIC, UHS RELT TNF BEM&K “R2-7" AT, R2-7
(CX T DRZERFZITV. EENRDEHE - MRZHHT. TORER. BED HEK293T
iR EN S (FEEHZRIINTDIZENTET . —RELT. INSOMRBICHITS
TNFR2 DFHENMENC ENEZ SNz, BT THIZ(C, TNFR2 ZERIRMAZDIER
%5t 1z HEK293T #EE R OF Jurkat #A2(C3F LT E s TNFR2 BIZFODEARIT O/
#. TNFR2 FIRMRELZ T ZENITDZET. TNFR2 ZZERIRITMEELT
HEK293T-TNFR2 B2 T} Jurkat-TNFR2 #FZDIEE(CHIN LTz, TS OMFEIEL.
FRAARR(ICLEXT TNFR2 ZEEN(ICERIRL THED. ZORRELU T, REARFICKD
TNFR2 S0 ) EERZENE - BRI D ENAIREIC> e &EEX BN,

R(C. TNFR2 S0 FH)UICEEND I I\ OBZRET DIzHIC. RERFICTES
NIZEERICEEND I /I\UEEZ., LC-MS/MS ZRAWz> 3y > TOFA=
DA THIZFEN(CRET UTz. T ODFER. TNFR2 BERICHES T EEX SN
MRS > )\ UBZERET D ENTE . CNSIEHY>INTEICDNT, >TF
JURERFCH TS TNFR2 ANDIEEZFAE UITHER. TNFR2 ORI TH—3F
ELT, PEIRTFSI - P3 (APP3) ZRHEI Z&ICHKINLIZ,

IRFEE TIC, APP3 & TNFR2 EDBIEICDWTIRE(FIR< . TNFR2 ST FILICH
|72 APP3 DHEBEIC DWW TIFARBATHD. UNUL. B M1 DL ET5—(CBULT.
APP3 O L5 TOF7 7 —EEMEEDIH THI—DFFEEAEFNRL APP3 1Y
TNFR2 S0 F)UICHBWNT. FTMoEEZ PN T DEBIRMEI Z2E DI ENEES
niz.
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BE FP=INRIFHY—E P3 DOHHERER

B—EICT. TNFR2 ST FIILICEAE I B 7Y TI—DFEULCRAESNLET )
RTIFH—E P3 (APP3) (d. Table 2 (LRI KD(C. PAYTALTHDITZIRT
F4—t P1 (APP1; QONQW7) RUTFP = IRTFSH—t P2 (APP2 ; 043895) &
& BT, Peptidase M24B (Aminopeptidase P) J7=U—(CET D .

Table 2. Aminopeptidase P family

Protein name

Family (Accession number) Molecular weight Localization
Aminopeptidase P1, APP1 70 kDa Cytoplasm
(QONQW7)

Peptidase M24B Aminopeptidase P2, APP2 76 kDa Cellular membrane

(Aminopeptidase P) (043895) (GPI anchor)

Aminopeptidase P3, APP3 57 kDa (— 51 kDa) ¥ Mitochondria
(QONQH7) 48 kDa Cytoplasm

a) Mitochondrial APP3 (APP3m). APP3m has a mitochondrial targeting sequence (MTS) domain in
N-terminal; thereby APP3m is imported to mitochondria and processed to 51 kDa matured protein
b) Cytosolic APP3 (APP3c)

CNBDFZIRTFSF—t P (APP)
&, DFECHRENBEEERLZ THDM, L) Aminopeptidase P
INEEETOIC MN** Z2E5DREBRTH N @ w @ @ N
D, N5 2 BECTOU > =2E TS
> ) VIED Xaa-Pro B5) (SR AR L. : 8
NZRIFDT = /B Xaa Z S 3 (Fig. 9). HA __
EHRICE. RLES B TOSTFY)

~ il- 11 - _ _ Fig. 9 Aminopeptidase P activity
YA bOA> B 1[3' IL-6, GM CSF). Aminopeptidase P (APP) is proline-specific

exopeptidase. APP specifically removes the

HMmEME (B YIRGZ P). MR%E N-terminal amino acid (AA) from proteins or

peptides having a proline residue located in

BERF. £EEERTFRRE. N Kkl the second position.
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Xaa-Pro Be5l = E DRUNRTF RIZ <FETD. UM U. APP Y invitro (CHW
TIL-6 ZDRIDEVDHEREZB E(C. F2/I\OBPORTF ROFHZHIHT S
BEZEDDTIFRVNEHESNTNDIEDD ¥, CNsSDF )\ UEBICKHTS
APP DEIS(ICDWTEMHIRIRE (ZF LA ERRN,

APP1 (&, HIfEE(CRIRI D90 F= 70 kDa DIRE_EWRF/I\IUEBETHD. ¥4
TEER(CFIRL T B, APP2 (F, GPI 7> H—(C&k> THIFERICREFIEHSN TS
PF2 71 kDa DIRFEES > )\ DB TH D IMEZERZIKT D ETMERNEE
ITAIRAE (CHVWTHEE T D, MERTERZF DEREENETHI IS+

(Bradykinin; Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg) "EE & LTHSNTHD.
MERASCANIERE UTHRESN TS 222, —A. APP3 (. KIBEHRET7=/
RTIFSF—E P (E.coli APP) EDECHIDHEEIEN SRV ESNIZEERY > /I\IETH
D > APP1X> APP2 LLEE L THFENMOY/NEL, 57 kDa DI /\IETHD.
APP3 (&, BIRNRATSA > J(CERT D, MlRELZ I RUPICHEET D 2
DDFAYVITA—LNWFEITD (Fig. 10). APP3 Bz FI(E. £ b 22 FREHK
[22913.2] [CO—RESNTHO. 11 ED Exon h'SEHREINBIHN. XTSAS>TD
1BFET. Exon 3 (92 bp) OBE|ICK D . Mitochondrial APP3 (GenBank : AL365514)
KU Cytosolic APP3 (GenBank : AL834310) d 2 DD MRNANEEEETNDIESH
Thd Y. & MEMBERED cDNA ZRVWVEELCTRIRBTOER. SRk« 1258
[CHUVTH APP3 (FHERESNTH D, F(IC. DB CTRBERANE L. BT, FEiE. &
fill. AR, FEMEZIKETERVRRMNRDESNTNS Y,

F/z. TNETAPP3 EAIBEREDRECDVWTIFIREN RN M. T, =K
RS TEERIEDBERER CHDIEREBREZE T DIRRDAIMIRT ) LAFETDIER.
APP3 Z1— RIDEGFIC. MEHEBESTIL—LS T MEERUVURATSA REMIOER
RSN >4, CORMNEABDIERN S, APP3 N B DHEES FD—DTI(I/R
<. BEREEZSISRIIRERSI > /I\IETHDIZENMAL. ERICED TEER
RS > )\ OB THDaEMENRENZ. UM U, APP3 DEARICHITDIEBIIRE
TBATH . HWEECRAUTEEFEAEDN D TV, i, HIRBRSIFHILICHITS
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HREBIR, TNFR2 2T FHILADBEOD (2L ABATH D, TI T RETIE. TNFR2
SO FIVICETD APP3 DtkaefRiRZ B (C. IO IiZE T 1z,

A Gene

5 —>3
Chromosome 22 : : H : : : : : :
(22913.2)
Exon 1 23 4 5 67 8 91011
B Transcripts
Mitochondrial APP3 | 1 I 5 | 4 I 5 I T
(GenBank: AL365514) I _——
AUG
[ _——
Cytosolic APP3 | 1 I 2 | 3 | 4 I 5 I
(GenBank: AL834310) T T T _——
AUG stp  AUG

Fig. 10 Alternative splicing variants of APP3 gene

(A) APP3 gene codes two proteins, mitochondrial APP3 (APP3m) and cytosolic APP3 (APP3c),
depending on the presence of exon 3 (gray-bar) in the spliced transcript. APP3 gene locates in
chromosome 22 (22q13.2). Exon 1-11 coded for APP3m and APP3c are shown. (B) The 5-end of
transcripts of APP3m and APP3c are shown. The numbers indicate in each exon. AUG and stp
indicates start codon and stop codon, respectively. Each protein is translated from the bent arrow.

$5—8i TNFR2 > FILiESHEND APP3 DS

APP3 (&2 DDF7 Y I#—LT3HS Mitochondrial APP3 (APP3m) KU
Cytosolic APP3 (APP3c) HW'F1E9 % >, APP3m (&, N EKIGIC= hI> RU BT
2J+)L (Mitochondrial targeting sequence : MTS) ZHBU. 57 kDa D45 > )\ & &
UTHRIRUZE. 51 kDa OS> /\UBE LTI I RUTICBEET S (Fig.
11A), —75. APP3c (3. MTS ZRW\THND. 48 kDa DHF > /OB E L THIFREE(CH
1893 (Fig. 11B). APP3m & APP3c (. ZNEMN 507 R 428 @77 =/ EEhH
SHER SN, FERROMEA R A1 EEZB L TED. N KigdD 79 77 = JBELSMIH
BT =R ZED.

FE—EEHICH VT APP3 OEFE(CE D T OF A U RBEROERMN S, H
BEPDDISTA MRTF RUMEHENTH ST, APP3m & APP3c MDEBESM
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BESNEONMNRATH D, TNFR2 (CHREET D771V I A4 —LZHIBI TSN
ofz (Fig.12), €I T, AEITIE. YA RN 7T H -3 FRIN S R L

Z1TUL). TNFR2 L& ULED APP3 D771V J A — LADRIEZITD I,

A Mitochondrial APP3 (APP3m)

1 67 210 252 490 507AA
s7kpa [MTS|| AvPN | | Prolidase | |
5tkDa || AMP.N | | Prolidase | |
B Cytosolic APP3 (APP3C) |
: 131 173 411_428AA
agkpa [ | avP N [ | Prolidase

Fig. 11 Two differentially localized isoforms of APP3

APP3 has two differentially localized isoforms. APP3m (57 kDa, 507 amino acids) has an N-terminal
mitochondrial-targeting sequence (MTS) domain, and is imported into mitochondria where it localizes
as a 51-kDa mature enzyme. APP3c (48 kDa, 428 amino acids), lacking MTS, is expressed in the
cytosol. An NCBI Conserved Domain Search (http://www.ncbi.nim.nih.gov /Structure/cdd/wrpsb.cgi)
predicts N-terminal aminopeptidase P domain (AMP_N; amino acid 67-210) and prolidase domain
(amino acid 252—490) in APP3m. In contrast, AMP_N and prolidase domain in APP3c are predicted as
amino acid 17-131 and 173-411, respectively.

—> APP3m

1 MPWLLSAPKL VPAVANVRGL SGCMLCSQRR YSLOPVPERR

—> APP3c

IPNRYLGQPS

51
101
151
201
251
301
351
401
451
501

PFTHPHLLRP
SNPTYYMSND
LFVPRRDPSR
MVWYDWMRPS
EIERMQIAGK
PPVVAGGNRS
GRFTAPQAEL
IMKNIKENNA
EPGIYIPEDD
QICSQAS

GEVTPGLSQV

EYALRRHKLM

IPYTFHQDNN
ELWDGPRSGT
HAQLHSDYMQ
LTSQAFIETM
NTLHYVKNNQ
YEAVLEIQRD
FKAARKYCPH
KDAPEKFRGL

FLYLCGFQEP
DGAIALTGVD
PLTEAKAKSK
FTSKAPVEEA
LIKDGEMVLL
CLALCFEFPGTS
HVGHYLGMDV
GVRIEDDVVV

SLIQKEAQGQ
DSILVLQSLP
EAYTLEEFQH
NKVRGVQQLT
FLYAKFEFEC
DGGCESSCYV
LENIYSMMLT
HDTPDMPRSL
TQDSPLILSA

Fig. 12 APP3 fragment peptides obtained from LC-MS/MS analysis

APP3m and APP3c have exactly the same amino acid sequences except for a 79-residue domain
(underlined section) at the N-terminus of APP3m. All fragment peptides (gray shaded bar) detected by

proteomics analysis were located in the homologous sequences.
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(RERMAR & 753E]
HEK293T-TNFR2 Hf/ & RO/ER

1000BEST w22 ([CH T2 TJILI> MARED HEK293T-TNFR2 HERE (3T L
T. R2-7 (#EE 100 ng/mL) & 37°CT 0. 3. 10. 30. 120 BEA=ET. %F—
SR —HlREE(C KD TNF/TNFR2 EEEAORBER [TV MlDEFERZFR LT,

HA-tag @& APP3 FIRNRDT S —DIEE

APP3m £& [amino acid : 1-507] XU APP3c £& [amino acid : 1-428] %=
J— R DEGFEINZFDIZE. human APP3m Bz FZSL Flexi ORF U O0—>
pFN21A-XPNPEP3 (Promega) ZABEICTIBIEL. e, ATSAZRZEHEEL
T. Sgflsite Z=¢ forward primer (5'-GC CGA GCG ATC GCC ATG TCT CTG ATC
CAG AAG GAA GCT CAA GGG CAG-3") & Pme I site ZZ1 reverse primer (5'-A
ATT CGT TTA AAC AGA AGC CTG GCT GCA TAT CTG-3') ZFRUL\/Z PCR [CKD
human APP3c Bz FZIEIEL . CNOSDIBEELFZHIRERAUIEL R, TNT
M pFC14A CMV Flexi Vector (Promega)lciEA T D ET. pFC14A-APP3mM KU
pPFC14A-APP3c NS —Z={ER LTz, #UL\T. C XKimlC HA-tag ZRt& Lz APP3 @
FIANRT Y —ZBLIT DD AR UIZOC A NS hZFRIC, ENEN Sfilsite
Z =3 forward primer (5'- TT ACG GCC ATT ACG GCC AGA GTATTAATACGACT
-3") & Sfilsite ZE3 reverse primer (5'- GT GGC CGA GGC GGC CTT AGA AGC
CTG GCT GCA -3") ZFL\T. PCR ([CKDEE APPm KU APP3c Bz FZIEIE LTz,
FIPREERALIE U &, RIBEMT A Z pMEX-HA mammalian expression vector

(Dualsystems) (CS(45'—>3>9DZET. HA-tag @& APP3 BRIARI S —& L
T. pMEX-APP3m-HA XU pMEX-APP3c-HA Z/EE LTz,

HA-tag @& APP3BFDEA (—B1EHIR)

HEK293T-TNFR 2 #lif2(%. 10% FBS. #iAEMENRU'5 pg/mL Blasticidin S &
2 D-MEM FTHARIBRL,. BT O JILIY MREOEDOZRR(CH Uz, BiaF
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BARIC 60-70%DMREE(ICIADXLDSIC 1000BET v v 1 CHEELE
HEK293T-TNFR2 #iA2(C. Lipofectamine LTX (Invitrogen) ZRWLT. EE(CHRELN.
PMEX-APP3m-HA £ U < (& pMEX-APP3c-HA Z b5 >R TJ x> 3> Uz, 37CT
IBEL. B FEA 24 KOz ZRICAVV,

HA-tag (X} 9 D50kF(C KD TNFR2 EEADBR
1000IBES « v 1 (CHT T2 TILI S MARRDELRD HA-tag Fi& APP3 HiIR

HEK293T-TNFR2 #ifg(Cxt LC. R2-7 (#&&EE 100 ng/mL) %Z 37°CT 0. 3. 10.
30. 120 pEAEETz. F/z. APP3 ZaHlIREIR B TL VAL HEK293T-TNFR2 #fifz
ZXRE U TRV, MlgZEURUE,. B8 [RRLE(CKD TNF/TNFR2
BEKOBE] (CfEL., HREHRZIERL. EZview Red Anti-HA Affinity Gel
(Sigma-Aldrich) & 4CT 1 BRERGEETz. €D#&. 150 pg/mL (AR U= HA
peptide (Sigma-Aldrich) ZHRNIT D ET. REABEEYZHREN(SEH Uz,

FLAG-tag (CX 9 %5k (C XD TNFR2 & ADIEHE

1000IBES v v a2 (CH T > TJILIT S MARED HEK293T-TNFR2 HARRICXT L
T. R2-7-FLAG (#%&E 100 ng/mL) %Z 37°CT 0. 3. 10. 30. 120 pEAH=E=.
Ffz. 1000BE v a1(CYT A2 TILI Y MARE®D HA-tag st& APP3 RiIR
HEK293T-TNFR2 #ifa(Cxt L C. R2-7-FLAG (#=E 100 ng/mL) & 37°CT 3045
VEREBTz, £—BE—H1 [RZEIERFIC KD TNF/TNFR2 EEEHOIER | (CHEL). fliia
BRRRZE/ERE L. anti-FLAG M2 agarose affinity gel (CKDRELEZIT DI,

Western Blotting

S5—E%—E0 [Western Blotting] (CfiED 7z, APP3 I&HI(C(E. 1 RFUAELT
anti-human XPNPEP3 #ii{k, 2 X#Hi4A & LT anti-rabbit IgG HRP conjugate ZFLY
7=o TNFR2 DR (C (&, 1 R$14R & U T Biotinylated anti-human TNFR2 4K, 2 R
ik & LT HRP-Streptavidin conjugate ZHUV/z, TRAF2 DR (X, 1 RTiAE
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LT anti-TRAF2 #iik, 2 ik¥ifk & U T anti-rabbit IgG HRP conjugate ZAU\Z, B
-actin MR (C (. 1 RF1AE LT monoclonal anti-B-actin #i4Ak (Sigma-Aldrich) .
2 RIA & LT anti-mouse IgG-peroxidase #i4& (Sigma-Aldrich) ZRU\z,

(BREEE]
HEK293T-TNFR2 flifg(Cd51F 2 APP3 MFIR

HEK293T-TNFR2 #if2(C&51F72 APP3m & UK (X APP3c DRIRER UV EDZELZ
ANRDIEHI(C, iige R2-7 THREERIHL. €OMEEAERICEEND APP3 %

Western blotting (CCTE#MT LTz, € DS Cell lysate

R.ETFAYITA—L%ERYT 2 DD/ R2-7(min) - 3 10 30 120
APP3M (51 kDa) e | g e ca s s

ROMREH SN, CNETOIRE ERER(IC, APP3c (48 kDa) ™| = == == = 7

APP3m OFIREM, APP3c DEIREX B-actin | s m— ———

DEEMo/z (Fig. 13) ¥, &F/2. R2-7  Fig. 13 APP3 expression in HEK293T-TNFR2
cells

RS HIREAND APP3 OFIRE(C, HEK293T-TNFR2 cells were stimulated with R2-7
(100 ng/mL) at the indicated time. After cell lysis,

H%ﬁﬂ{&ﬁﬂlgj—dtg{b(;g}géb SNh o= APP3 was detected by western blotting. B-actin
e e served as a loading control.
TNFR2 =0 F)#EEKRE APP3 DfES
TNFR2 S0 F)EEIKICHEE T D APP3 EDBIRENRRZ(LZRARDIZHIC,
R2-7-FLAG Z{/FAHA =tz HEK293T-TNFR2 ffgHSEIYR Uz FLAG (C3f 9 D 5F%&EL

FEEEYD(CEENSD APP3. TNFR2 KU TRAF2 Z Western blotting (CTEMTUIZ. €
DFER. R 3 DENSEDFHERE SN, APP3 I TNFR2 EE&KICIEE T D2 &N
R CcEic (Fig. 14). APP3 fEE = (FIFRMKEFN (TENRINSIENNT DMEM(CHD
DI L. TRAF2 DFEAERIIRRUKTHICHL Uz, TNETHREN S, TNF OF|
BTV MRS TRAF2 (FRREFHICHBRESND ZENDON D THD *°. ZOBRK
([CKD TRAF2 DIESEBMET UIeEDEEZ BNz, £z, TRAF2 (&, BEI(CEHEY
% TRAF-C RXA > EIF(ENDHREAEIEZTL T, TNFR2 EBEIEES T D2 EH
5NTWS >, > T. APP3 A TRAF2 /T L C TNFR2 [CHEE L TUL\BIHA. TRAF2

33



DR E EE(T APP3 DfEA B ERRMK IP:FLAG

FHOED TR EEZSNSD. LU, ReT-FLAGmin). - 3 10 90 120
ARERHS APP3 DREABOE T (352
SNBHh->LTENS. APP3 (FEIE nrrz | RN
TNFR2 (CHEEULTWLWBEIEEMENE X S
iz, =50, BEENZ APP3 D/

Rid1DTHoizcES, APP3m & Fig. 14 Recruitment of APP3 to the TNFR2
* in signal transduction

wg o~ HEK293T-TNFR2 cells were stimulated with
U<(& APP3c DEESM—FDTAY Ry 7.FLAG (100 ng/mL) at the indicated time.

. After cell lysis, anti-FLAG immunoprecipitation
TA—IDHH TNFR2 (CHEELTULND followed by western blotting revealed that APP3
bound to TNFR2 and TRAF2

EEZBNER. DI\ RiE A
RN SIRE EMNZ APP3M D/ N> RIE & —E L TH D (data not shown) . APP3m
THDZENREENT

ELNT. COEERERKRICEAL TS (CEHEllICHERRZITO 2. VA RIS DR
LR EYIDRATNS. TNFR2 DT+ )UREICEEL T APP3m HALET5—&18
BRZEKT D ENREETNZM. TNFR2 (SRS ULED71Y I A —LALR APP3m
BEULKIFAPPICDOEESTHDINZMET DI APP3 (T DREILBFZITL,
T TH—FEINS TNFR2 dith T TRAF2 OfEE & ANz, £9'. CKimIC HA-tag

APP3 ——— —

TRAF2 1

(7= _ BB : YPYDVPDYA) Z @& LTz APP3m €& U < (& APP3c %=
HEK293T-TNFR2 #Ra(C—&E 4 (CRIR=E Tz, R2-7 TREBFRIZ L NS Dffifa(c
DT, IFECTEAMIRE BT, HA-tag (CH T 2RENFEZITL. TNFR2 15
HEFERE U (Fig. 15A), COEERICEENDF > )\ UE%Z Western blotting (CT
FRAT UTTHER . APP3m Z58HIFIR U/SHIlg T R2-7 RIiE 3 &M 5. APP3m (ChN
AT TNFR2 > TRAF2 @/\> RHER&H S, APP3m H' TNFR2 EERICHEE T D&
MR TE7e (Fig. 15B). —73. APP3c ZaglFIR UTHaTE. APP3c /(> R

M CEEBEDD. TNFR2 ¥° TRAF2 (F&HE /Ao 7. FIBELRFEAHMRTIE.
APP3. TNFR2. TRAF2 DWL\INHEERHEENT (data not shown). FIEFFERMXES
IREDFE(IIRNBEDEEZ SNIC, =5I(C. R2-7-FLAG THRIBILZ APP3m-HA &
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U APP3c-HA s&HIFRIFMRRNSESNIZ FLAG (L9 DREILIEEYE Western
blotting (CT#T LTz, ZDFER. LI NOMIETHEARR4ED APP3m A&t Enizd
(T3t L APP3m-HA S8 HIFIRHIAE T (L APP3m-HA /> RERSHSNTZ(Fig. 15C).
B EDMETM S, TNFR2 S0 F)LOSEMHLIC4EL. APP3m 21318 TNFR2 (CHEE
ITRDZEMHBALTZ, UH > RNGNE 7T —RFRIDWN IS NORELETE. i
B3 DEHS APP3MK T TNFR2, TRAF2 FEEHERHSNZT EH 5. APP3m (3,
SO F)AREDREAEBEN S TNFR2 S0 ) LEERICHES T DED EEZ SN,

A B IP: HA APP3m-HA APP3c-HA
transfected transfected
R2-7 (min) - 3 10 30 120 - 3 10 30 120
% APP3 - = —
TNFR2
Cytoplasm
@) % e TNFR2 |
@) ‘\Af_Pill HA
Cell lysis
(4°C, 15min)
C IP:FLAG >
@7 (o
S s fzﬁ‘é\
O x& {7
(@) (@) 6\00 )2\?“ Q\‘}
(b(\ n}(\ (bG'
&L
ini Lol o
(4 affinity gel
S R2-7-FLAG - APP3mM-HA
APP3)—HA 30min [* ¢ 8 - —< APP3m (endogenous)

Fig. 15 APP3m, but not APP3c binds to TNFR2

(A) Scheme of TNFR2 signaling complex purification by HA-tag. In APP3m-HA transfected cells,
APP3m-HA is recruited to intracellular domain of TNFR2 by R2-7 stimulation. After cell lysis, the
TNFR2 signaling complex is pulled down using an anti-HA affinity gel. The complex is eluted by
competition with an HA peptide. (B) HA-tagged APP3m (APP3m-HA) or APP3c-HA was transiently
expressed in HEK293T-TNFR2 cells. R2-7 (100 ng/ml) stimulation followed by anti-HA
immunoprecipitation was performed to determine the time-dependent manner of APP3m or APP3c
recruitment to the TNFR2 signaling complex. (C) Anti-FLAG immunoprecipitation was performed using
APP3-transfected HEK293T-TNFR2 after R2-7-FLAG (100 ng/ml) stimulation. Western blotting
confirmed that endogenous APP3m was detected in cells transfected with both APP3m—-HA and
APP3c-HA. However, transfected APP3 was detected only in the APP3m—HA transfectant.
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$_H APP3 OillRRR/BEDZEIL

APP3 (3774Y I A4 — AICKDHIREANBIENRR D @FEIREET(E APP3m (F= b
J> RUJZ(C. APP3c (FHIRREICTFIELCULWD. E_BE—Hi(CHLVT. APP3m M
TNFR2 N$EE T D ENHIBE LAY APP3m MHHREIRE@EEIZ A TH D TNFR2 D
fHRRAEI CABEVER I 2728 (C(E. TNFR2 ST FHILDTEHALICHEL. APP3m HMa
SHDORZTE b2 RUTHSHIRBEANE/REZZIL S EDINEN DD EEZ SN,

SO RUPICHERT DY /I\UEN TNFR2 S0 FH)LICES U TLWDRR .
CNETRULM, TNFR1 ST FH)ILICHWTIE. SO RUTHASKEETND TN
BN TPIR—SRBE(CEEREE ZEDZENMBNTND, CO—FIELT.
pro-survival protein Té 3 Bcl-2 (B-cell lymphoma 2) iz Uiz hR)\—E
SEMHEES O FILNEIFSNSD (Fig. 16). TNFR1 OFEMHALICHWN. = RO RUJER
FI(CB7EY S Bcl-2 (C BH3 (Bcl-2 homology 3) M&&9 3 &, Bal-2 A RNEMR S
. TZITBIEFE S5SNIz pro-apoptotic protein T2 Bax 12 Bak (FHHFLERDES
WM D, CNICKDZ RO RUPHEDE BN TIET D &, RBRIECHFET

ST

Bcl-2
m Casp9

/%

Pro-caspase 3 . Caspase 3

mitochondria (inactive) (active)

apoptosome

—» Apotosis

Fig. 16 Activation of caspase cascade by mitochondrial apoptosome in TNFR1 signaling

In TNFR1 signaling activation, suppression of Bcl-2 activity by BH3 proteins induce recruitment of Bax
and Bak on mitochondrial outer membrane The Bax and Bak form the pore complex and increase the
permeability of mitochondrial outer membrane. Consequently cytochrome ¢ (cyt ¢) which is located in
intermembrane space is released to cytoplasm. An apoptosome formed with cyto c, Apaf-1 and
caspase 9 (Casp9) in the cytoplasm activates a caspase cascade and induces apoptosis.

36



2F hoO—L c MIREICKREEND. FhoO—Ac (. HEECHNT Apaf-1
12 Caspase 9 & &EBICT7REY—/A (apoptosome) ZZRL L. ANEMERLE U THERIE
9B Caspase 3RREDIT I T O —HR)\—CHFHEINEEMRT D, TOFER. #l
RADT> OB DEEN. PIRE—SINFEEaND #°%%°, 22T, TNFR2 >
T FIVDAREHIBCHE N TEAPPINELDBREZELZ R T DTIFRVN EHR U,
AREITI(E. TNFR2 0 F) URIZERFOHMFEAIC BT D APP3 DEEN ZRANRDIZH(C.
HARBCKLDHRNBEZERRUIZ, =5(C. MRERVUI I RUPIEHITS
APP3 DfF1EE CiEMDZE b ZEEN (CRRT L TZ.

[SRERME & 5iE]
Venus @& APP3 FIRND S —DIgE

E_E¥—H [HA-tag @& APP3 RIS —-—DIEE]| (CTHERLUIE
PMEX-APP3m-HA Z#58(C, Nco I site Z=E forward primer (5'- CG ATC GCC ATG
GCG CCT TGG CTG CTC TCA GCC CCC AAG CTG -3') & Not I site Z#Z5 3 reverse
primer (5'- GT TGA AGC GGC CGC AGA AGC CTG GCT GCA TAT C -3') =Rz
PCR [C&K D APP3m Bz FZIEIEUIC, F/z. pMEX-APP3c-HA Z#584(C. Nco I site
Z S5 forward primer (5'- CG ATC GCC ATG GCG TCT CTG ATC CAG AAG GAA
GCT CAA GGG CAG AGT GG -3) & Not 1 site Z#53 reverse primer (5'- GT TGA
AGC GGC CGC AGA AGC CTG GCT GCA TAT C -3") ZHRUL\/z PCR ([C&LD APP3ciE
CFZIBELZ, TNENOEGFIAZHIRERWIELZE, 70— J51 bD
3Kl (C GFP tiZBEN S > /)\UBTHSD Venus Z#1— RIDELFZEAL
pTriEx-3 vector (Merck) (CSA 45 —>3>9F D& T. Venus @& APP3 FEIRNRD
A —&UT. pTriEx-3-APP3m-Venus XU pTriEx-3-APP3c-Venus Z{ER U7z,

HERL —Y —IEIRERSR
HEK293T-TNFR 2 #lifg(%. 10% FBS. fiEMERU'5 pg/mL Blasticidin S %&
80 D-MEM THRIEEL. B2 JILIY MREROEDZRER(CH Uz,
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Collagen Type I-Coated Chamber slide, 2 Chamber (IWAKI) (C 1x 10’ {&/chamber
DR ZIBIEL., 24 BFEEE LU, %L\ T, Lipofectamine LTX ZFWLT. T&ICHE
LY. pTriEx-3-APP3m-Venus & T pTriEx-3-APP3c-Venus Z# hS5>XTJ 023> U
Jz. BIGTFEA 24 BEE(IC. #£EE 200 nM 0= hO2 RUVRERENXTO-T
MitoTraker Red CMXRos (Invitrogen) ZH1X T. 37°CT 30 BIBFE L&, R2-7 (18
#BE 100 ng/mL) Z 043, 10 3. F/z(d 30 DEASEz. IBELBEZRE. PBS
TRIEBRLUIE. 4% /\SRLATILTER (PFA) &8 PBS (CTERT 20 BEE
{EZ1TD1z. PBS THFELUIZE. &1&(C DAPI B3 ARl (VECTASHIELD Mounting
Medium with DAPI, Vector Laboratories) ZFRW\T. fIRKORERVHIN-TS
A TOFAZITOIZ. MROESRRIE. HESRL —Y -8R (Leica TCS SP2, Leica)
ZFULTITU). DAPL, Venus XU MitoTraker Red MEAZIRH Uz, /adH. &EA
Dk /AITERR (& DAPI 358,7461 nm. Venus 515,528 nm. MitoTraker Red
CMXRos 579,599 nm ZHU\/Z.

fHREEE = b2 RU D5 E

HEK293T-TNFR 2 #ifa(d. 10% FBS. H&¥ERU5 pg/mL Blasticidin Sz
E0 D-MEM HTHRISEL. BT 2 JILIY MREODEDEEER(ICH Uz, 1000
BET vl 2x 107 EfigZ AR L. R2-7 (&R 100 ng/mL) Z 10 53,
FT(E 30 pEATE . MlRZEIXL Iz, #il\T. Mitochondrial isolation kit for
cultured cells (PIERCE) ZRU\zHELRINEICKLD, #HREEL = MO RUFPDE
ZiTD 1z, MREEED ZEUX LIz, 2% CHAPS/TBS IARICT= b2 RU P Z&iEHR
L. 12,000 x g CTRLZEITDOZET, BEZ= I RUED EUTEURUZ, X
B2 (09) &UT. R2-7 IERIBHARRERIERDEFZIT DI,

HHRAA APP3 RIFEDTES
E—EE—Hi [ Western Blotting | (CHELY, BIIE [FHEE /= 1> RUZD531E |
THELSNIEDEEAFD APP3MAT APP3 c Zi#&iH L/=#. Image ] ZFAALT. &
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APP3 D)\ RigEZTEEUT. 3 [EID Western Blotting DFERMNSESNTZEED
EELFEEREEET U, IFRIBIF(CX T D% APP3 OFRIREHEZ KD,

fHREMA APP3 DE2ZRIEHEDRIE

AIIED [H#feE, = bO> RU7ODE] (CTESNIEHEER. FEFEZESE
—Ei [FLAG-tag (CHX 9 D55 NMF(C LD TNFR2 EEEHDIER ] TESNIZRZILE
EYE, 96 "TSw2oTL— bk (Nunc) (C50 pL/well (CTHRMUIZE. APP MEY

HEB T2 100 uM H-Lys(Abz)-Pro-Pro-pNA (Bachem) 50 uL &ilXx/z. 37°CT
15 DRIEEEE. 7= INRVYA)L (Abz) ENETDHENAE, HASTCIOTL
— U —4/— (SpectraMax ; Molecular Devices) ZRU\T. BIEKE 320 nm KO
HLKEE 410 nm (CTRELTZ.

(EREEE]
APP3 D#IfERBTEDZAL
HARAARI(CEH1TD APP3 DEENZIANRDIZH(C. HAFE(CT APP3 fifaNEEZ
R U Tz, CRim(CHEIESY > )\ IBTIH D Venus Zita Lz APP3m (APP3m-Venus)

KU APP3c (APP3c-Venus) Z—i@4 (CRIRE 7z HEK293T-TNFR2 #ifgz AL T,
MitoTracker Red (CK2= b RUFPREZITOE. R2-7 RIFICHS APP3 D
RERNBEOE N Z R ERL — —ERER(IC THRE U/, APP3 (). = hI> KUY

(). il (F ) o ZE ETNTIURE UItBEGZERICENDETZED%Z Fig. 17
(CRUTZ. ZDFER. APP3m-Venus Z5&HIFIR Ul (HEK293T-TNFR2-APP3m
#ARE) T(X. R2-7 FERIFEFICHWLTIE. APP3m (I I RUFZICBIELTED.
HEFERIBEBZE LN, RiEE 10 2. 30 o CHREOFREMENL TED,
APP3m D= I RUTZHSHIBBADBITINERENE (Fig. 17A). — 7.
APP3c-Venus Zs&HIFIR U g (HEK293T-TNFR2-APP3c #fif@) Tl(&. APP3c (&
HRRE(CL< AU TRBELTH D R2-7 RFIC KD APP3c DFEZELIFERR SN
o7z (Fig. 17B),
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A HEK293T-TNFR2-APP3m

R2-'Il [10 min] R2-7 [30 min]

Fig. 17 Alteration of APP3 localization by TNF stimulation

HEK293T-TNFR2 cells transiently expressing APP3m-Venus (A) or APP3c-Venus (B) were stained
with 200 nM MitoTracker Red CMXRos for 30 min. The cells were then cultured with or without R2-7
(100 ng/mL) for 10 or 30 minutes, and fixed with 4% PFA. Cellular nuclei were stained with DAPI.
Localization of APP3m and APP3c (green), mitochondria (red) and nuclei (blue) were visualized using
a confocal laser scanning microscope (bar = 20 um).

fREE= O RUTICHITD APP3 RIZEDZE(L

= b2 RUTZHSHIRBEANDIZITI D APP3m ZEEM [CARTT D728 (. HHRE
BRU= O RUPICHITD APP3 OFIREZFNIT, R2-7 FERIFRZUREL 10,
30 D&MD HEK293T-TNFR2 fifigns. HEEWECLD, #HREES= NI RUY
ZDE U, #EUL\T Western blotting (C& D APP3 Zt&HH L. €D/ \> Re#@EZAIE
LTz, TR, R2-7 R4, HIRREE DD APP3m EAMENMULZDICH L. =
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b3O> RUESDO APP3M E2EFAE FEALTED. WINERIBHEICLLRTRIRSE
(CERRENRDSNIZ (Fig. 18A). —73. HIEEED®D APPc E(F. R 10 5318
(CEMNSEMULIZEBOD, = O RUFPDEMNS(E APP3c (IRE SN o 2.

fRRE E= O RUTICHITD APPI SEEDZEAL

AIECFE Bz RO T, fifigE s = b2 RU D (CHITD APP3 DEEERTEMN
HFRNTUTZ. P IRTFH—CPDENEETHD H-Lys(Abz)-Pro-Pro-pNA dDt]]
WrCHEVWRE SN ENEZATE ULER, MRE®ED TE. R2-7 ®IE 10 9. 309
EEEEDIFBARNROHSN. APP3EEN LR Uz L. = b2 RUFEDDE
HFET U (Fig. 18B). BEREGZIBIRL ULBRICHBVTE. RIRELBKROZE

A APP3m APP3c

Cytosolic fraction Mitochondrial fraction Cytosolic fraction
2.0 2.0 2.0

*%
15 r

** *%
1.0 r

1.5 T 1.5
**
1.0 1.0

05

Intensity of band
Intensity of band
Intensity of band

0.0 0.0 0.0

R2-7 (min) R2-7 (min) R2-7 (min)

B 420 . .

*

Fig. 18 Semi-quantitative analysis of APP3 in
cytosolic/mitochondrial fraction 100 F
(A) HEK293T-TNFR2 cells were cultured with or
without R2-7 (100 ng/mL) for 10 or 30 min.
Recovered cells were separated into cytosolic
and mitochondrial fractions by differential
centrifugation. APP3m and APP3c detected by
western blotting in each fraction were quantified
by densitmetric measurement of bands. Results
are mean = SD., n=3. **P < 0.01. (B) APP3 *P<0.05
enzymatic activity in the cytosolic (filled-square) * P <0.01
and mitochondrial fractions (filled-triangle) was 20 vs R2-7 (-)
measured using fluorescent assay after
stimulation with or without R2-7 (100 ng/mL), 0 T T )
H-Lys(Abz)-Pro-Pro-pNA was used as APP - 10 30
fluorogenic substrate. R2-7 (min)

*%
80 r *%k

60 r

40 |

Relative activity (%)
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{ERFRHS NIz, =5(C. & APP3 Z—iB4(Ca#FIFIR =2/ HEK293T-TNFR2 #fif2
(CHNT. UH> RIS T DERELEEND APP3 SEMEZ R UIHEER. APP3m 58]
FRIFMREZ (T TEREN EF U TE D, APP3c s&HIRIRMATTI(E. FEEHIRIRMER EE
BEOEEUMRDSNEM DTz (Fig. 19A). > T. ST FHIUGRERIC. BEREN
%89S APP3m H* TNFR2 (CHEE L TLB T EMRENTZ,

Fig. 13 (CZRUTZKDIC. R2-7 RIBIC K DHAREAD APP3 HIREBKRICASTIRZE
{ENROESNIBRNC EZEBRITDE. UEDERMNS. UK ROEEICKD TNFR2
WNEEHEITDE. = I RUPICHEET D APP3m HHEEAERITL. TNFR2 (C
fEalTundeBX 5N (Fig. 19B), —/5 T, HIRRE(C/HTET D APP3c (FRES LT
WRWEBR BN, 7Y I A —AICKDHEBEDEVWDHIB LT,

>
w

500
*%* *%
T 400 |
x
X
2 300 }
g
£
[0]
S 200 f T
3
(%]
)
S 100 | Lo~
- { APP3c
\~__‘f
0
e'd\,@b @c}eb 66\66
EXE &
\(é‘ \{b“ \{b“ tochondri
\)(\ Q\‘?" Q\?\ mitochonaria
Q& o
& &L
3 o

Fig. 19 APP3m released from mitochondria to cytosol is recruited to TNFR2 complex

(A) HEK293T-TNFR2 cells transiently expressing APP3m-HA or APP3c-HA were cultured with
R2-7-FLAG (100 ng/mL). Anti-FLAG immunoprecipitation was performed after cell lysis.
immunoprecipitation eluates from APP3m-HA overexpressing cells showed specifically higher
enzymatic activity. **P < 0.01. (B) Proposed model of TNFR2 signal transdiction through APP3.
APP3m is transferred from mitochondria to cytoplasm depending on TNFR2 activation, and recruited to
TNFR2 intracellular domain. On the other hand, APP3c is not involved in TNFR2 signal transduction.
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SE=Hi APP3 O#llEAS D FIVEEADHE

TNFR2 >0 F)LOSEMHALICHNT,

—
Z
=

APP3m M= O RUZHSHIRREAN
EBITUTVWBRCENHIBALIZC & T
= MO RUTICEISHD APP3m DI’
HHEENFEI D ENREENE, £
ZT. S, 2O APP3m HHHE(CD

-

R
N

1

]

1

R

~
TRAF2 [ APP3m )
~ P4

W TSRS . A DX LD PISK/AE  NFRaB [MAPK
signal signal signal
RN, ) 4
FE(C/IANE. TNFR2 S F)LHIE| P@
DR BEREMNEZ SNz, #DT. v (NF<B) C)

COSOFIBEERT B

APP3m ' TNF/TNFR2 Z/T LT ED K /\
Suflens o FVEREEcEsL s WS 1%
CLSDNENS ZENER(ICSD. = Fig. 20 TNFR2 signaling pathway

= [— V) —s TNFR2 induces the activation of the transcription
NFETIC. TNFR2 (& 2D FIURED factor such as NF-kB and AP-1 through various

intracellular signaling pathways (e.g. MAP kinase

EREUVTEERFTHD NF-KB X®  pathway, NF-kB pathway and PI3k/Akt pathway).
AP-1 ZEMHAE L. ¥RATIQEBILFDFER
ERMTDZENMENTHD 130 LT H—THRDNL DHDSTF) URERE
& LT MAPK (p38 MAPK, ERK, INK) S F)LEEE. NF-kB >0 F)LiEE. KU
PI3K/Akt >0 F)UREBRENESLTVD EEZ SN TLS (Fig. 20). ULHL.
RBRIICHNT. TNSDSIFILIE TNFRI O FRICEFELTH D, TNFR1/R2 @L
T 5 —(CHEEERTS TRAF2 ZM LT, BHIGEE LR SHEEIT S L (UORX
k—2) nEsNnTLS .

AEITlE. APP3 MFIREN TNFR2 =T FILICEX DREICDVWTRANRDIZH,
TNFR2 5@t TNF ZE4% BT, TNFR1 S0 F)LEHER UIZIREE T, TNFR2 iR
H/REMEEZITU. TNFR2 TROSTFIURED FORREB ZHRIT LTz,
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(RERMAR & 753E]
APP3m MD—i@1E DRI FEIR

6 TUBE T L — MMC 60-70%DEE (C72D K D (CHEL V2 HEK293T-TNFR 2 #Hf3(C
MUT. E-FHE—HI [HA-tag Bi&S APP3 EfzFDEA (—@M4EFEIR) | (CHEL.
Lipofectamine LTX (Invitrogen) ZFUL\T. pMEX-APP3m-HAZ NS> X TJ 10>
3> UM, 37CTEEL. B FEA 24 EEROMIRZ RERICAUZ,

APP3 shRNA 7S X = RzERBWe—&%D /v o5 o>

6 TEET L — b 60-70%DEE(C18D K D (CHEL /2 HEK293T-TNFR2 #HAZ(C
MUT. E-FH—HI [HA-tag RIS APP3 EfzFDEA (—@MEFEIR) | (CHEL.
Lipofectamine LTX ZRAUL\C. 1.5 pg human aminopeptidase P3 shRNA plasmid

(Santa Cruz Biotechnology) & S >XTJ x> 3> U, 37CTIBEL. EBILTF
E A 48 B Oflilie e RER(CAL.

TNFR2 S0 F)UGEICHITD U B D F )LD F O
6 NIBETL—NIYTIO>TILITY MAEED HEK293T-TNFR2 #AR3X UEIIE

[APP3m D—iBMma#HIFIR |, [APP3 shRNA 7S X = RzAWe—@&MED /) v o5
D2 (CTHERUZHRRICXT LT, R2-7 (#&EE 100 ng/mL) & 37°CT 3. 10. 30.
120 DEAS Bz, Fiz. FERIFOEMEZE 0 D& LU TARWLZ, itWT, BE&EHE—
ffi THEK293T-TNFR2 fRZEAROER ] (CREL. 1 mL OHIfE#FERZ AR LTz,
$E—EBE i [Western Blotting] (CHEL). fHEAARERTD MAPK (p38 MAPK, ERK,
INK). NF-kB. PI3K/Akt RUEU>BtAZEHE Uz, & MAPK RUU B{EARD
BHICE 1 RfARELT., TNEN anti-p38 MAPK #HifAK T anti-phospho-p38
MAPK #ifk (Cell Signaling Technology). anti-p44/42 MAPK (Erk1/2) #iAKRU
anti-phospho-p44/42 MAPK (Erk1/2) #i4k (Cell Signaling Technology) .
anti-SAPK/INK Fi4& 5 T anti-phospho-SAPK/INK #14& (Cell Signaling Technology).
2 IR E LT, IAT anti-rabbit IgG HRP conjugate (Cell Signaling Technology)
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ZRAUZ. NF-kB D& (C (. 1 RF1AE LT anti-NF-kB p65 Hitik (abcam). 2K
Hiik & LT anti-rabbit IgG HRP conjugate (Cell Signaling Technology) ZFU\/z.
=T5I(C. Akt KT Phospho-Akt D& (C(E. 1 RILAE LT anti-Akt kRO
anti-phospho-Akt #i4% (Cell Signaling Technology) . 2 X#i4&& U T anti-rabbit IgG
HRP conjugate (Cell Signaling Technology) ZRU\/z. &F/z. APP3. TNFR2 R}
O—5~« >4 > hO—)LToHBB-actin D& (F. S5 =5 —Hil Western Blotting|
([CRED T2,

[(RREEE]
APP3 @ TNFR2 TS0 F)LADFEE

APP3m % —@M(CHIRE 27z HEK293T-TNFR2 fifd. APP3 %= —igtk(C ) w45
> LTz HEK293T-TNFR2 #f2. RONEEFEA L TLVRL HEK293T-TNFR2 #lif2
% R2-7 (100 ng/mL) T 3. 10. 30. 120 #EHUIZ. R2-7 IERIEIRREDRHH
fazxtiie LT, MBS D) URIEDF THD MAPK. NF-kB. Akt DU > EELIRAE
DZEA{t7% Western blotting (C T LT,

ZOOFER. MAPK S0 FILICHUNT, INK DU SEMEICREN RSN (Fig.
21A) . BEFEA L TLVRL HEK293T-TNFR2 #iFZ T (. R2-7 35 10 £34&(C. INK
DV B ERA(CIRD 12hY APP3m s&HIFEIRHMIRE T (& INK DU 2B EEH (TTT
LTz, EI2. APP3 J WO IARRETIL INK DU VEMEHIF & A CHEI TNz, —
75.p38 MAPK [CDWT I APP3m OFIR LR (C K BEALIFIRD SN D T2EDD,
APP3 DREIFK T (C KDV S EMEDINHINRSHSNIZ. ERK [CDWWTIE APP3 (CLD
D> BEADFE (I F EAERDSNIEMN DIz, DT, APP3m DFEIREDIEL L,
INK DY EMEICEET D ENHIBBLTZ. £z NF-kB = F)L (Fig. 21B) KU
PI3K/Akt =2 F)L (Fig. 21C) (CRAULTI(E. APP3m DFRIRZEILICKD ST FILAD
HE(LRDBNRN DTz LLEDFERMN S, APP3m (&, TNFR2 S FJLICH LT, INK
ZT LTz AP-1 OFEMHEDHIIICES L TWLWD EEZ BN,
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Influence of APP3 on MAPK, NF-kB or PI3K/Akt signals

46

APP3m-HA over-expression plasmid and APP3 shRNA plasmid were transfected to HEK293T-TNFR2
cells and incubated for 24hours and 48hours, respectively. Then, cells were stimulated with or without
R2-7 (100 ng/mL) at the indicated time. After cell lysis, phosphorylation of JNK, p38 MAPK, ERK1/2
were detected by western blotting (A). Expression of APP3 and TNFR2 were confirmed in the same
manner. B-actin served as a loading control. NF-kB signal (B) and PI3K/Akt signal (C) were also
confirmed under the same condition.




SMET APP3 DiEREXBRNADES

E=EFTORERNS. APP3 1 TNFR2 OH

S OFILCEDDEEDT EfRENTE. L m

MU, BERBEEREROD FRERERDIZHI(IC

(F. EBR(CHERICHUT, APP3 AR EDL SRR /_N\H Z Cy3H33N5Os
‘ § Ay MW 459.54
HEEZIB> TLDDONEMBIN T INENSD :

CEZSNE. HoRBEEED—DOTHIE Fig. 22 .Chemlcal structure qf apstatin

Apstatin is a low molecular weight (LMW)
inhibitor of aminopeptidase P.

BIEARBBR (Ulcerative colitis : UC) (&, X

FRAGIRMEE SN, USANWEBRZAKR T DRIEMEDEETH D . IFEERR(CIEESIN
TUWD. 30 MUTDHRATRIENEZ L, FTRPMEREDERZZEL. BREERZ
<DIRT, WRAIIABETHDIN. BEBAICHITIBRRBEEENES LTI ESE
ZBNTHD % hFEFENSEEDEE(CH U TIE. TNF P TH D> IV
FIITPFHFUALITNEECANSNTND, TZT. TNF BhEREDORERRE
([CHTD APP3 DHEBEZ RIS DTzsb. —HlE LT, RIE - BALIC TNF =T FHILAHEE
593 BEBEEABE 7 2Rk E Uz APP3 DIEERERZ AT,

WIE. P IRTFHF—C PERNAER LT, BDFEN 460 DEDFLEY
T Apstatin BMEISNTLVS (Fig. 22), CNETIC. Apstatin (CLD APP2 DFE
EMRZAATFL T LME AR hJ XDz B UZERRFTR A EH (C1Thn
TElz. ZORER. Sv hMERWEERCHWT, TS52F > 0mEIIFHIzIRDIEE
Lo LEICH T DEMBEREZSORL °. 7oSAT S D EMEEsR (ACE) FAEH!
EDHAIC LB ABIMEESIEET)LOMEDIERL 15 12 EDHBRMNRE SN,
Apstatin DR FERERE U TOAIBEENREETN TS,

ARETIE. FI in vitro (CHIFS Apstatin @D APP3 PEERIERKU TNFR2 =7
ILNDEZE(CDWTHRNRTZ, E5IC. in vivo [CHBWT APP3 FEE (C L BRER{LZ iR
MIDEDHIC, BBEERBRETILTHDTFANS MR FUD LA (DSS) FREKX
BRETILYIIAD Apstatin DS EERZ1TD .
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[SEER#H & 53]
Apstatin
VZIRTFHI—-TLPHEHEF LT, BFE 459.54 DEDFILEWNTHD
Apstatin  (N-[(2S,3R)-3-amino-2-hydroxy-4-phenylbutanoyl]-Pro-Pro-Ala-NH)
(Santa Cruz Biotechnology) ZFL\iz.

Apstatin @ APP3 [HEEMDAIE

E_EHE—H [HA-tag Bi& APP3 BIFOEA (—@MRIR) I (CHRL.
HEK293T-TNFR 2 #fifa(C pMEX-APP3m-HA Z bS5 > X TJ 103> U, 24 REIED
fHRRZEERICAV V. MfgZzEUR LTz, B85 [HA-tag ([CX 9 DREREF(C
KB TNFR2 8 EARDIBE ] (CHEL). HA-tag (CX I BREEZITDZE T APP3m
ZER U, HiUL\T. E-EETE [H#RgA APP3 OBESREMDRIE] (CHELY. APP3m
AR 50 pL (S, #REE 1. 10 XU 100 yM @ Apstatin ZHRIILZ#. 100 uM
H-Lys(Abz)-Pro-Pro-pNA 50 pL ZfilX 7z, 37°CT 15 BRICSBTZ&. BHYEY1D
OFL—hkU—4F—(CT. BEREE 320 nm RUEEE 410 nm ORIEZITD 2.

TNFR2 S0 F)UREDF D DB (C3T 9D Apstatin DL DT

6 JUEET L — MY T O TJILI S MARED HEK293T-TNFR 2 #lfE(C, #&IRE
100 M D Apstatin ZHRIMULZ#. 37°CT 30 BEBEELE. HULWT. E-E=A
[TNFR2 20 FIUREICHITD Y B I IV FOIRE ] (SREVY, R2-7 (ERE
100 ng/mL) % 37°CT 3. 10. 30. 120 HYERASE/HIRERU R2-7 JEREHARRZ
FALYT. MAPK (p38 MAPK, ERK, INK). NF-kB. Akt AiTHC& D B LADI&H %

1To7,

KEREN)
C57BL/6N ¥R (Itf%. 8i8is) ZHAKSLC RASHLIDBALR, BB £
TOFMRER(E. IRIZTHOEANERREAFTFCH T DIHMERBRFZ(CRIDITO .
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FTHEANSIREEF NUD L (DSS) BRABXRETILN I ADIER

NORA(F —EAREES —2ANT, 12 BRHRIAICT. BHR(CKEEZER
TEDRETEHB U, 2.5% (W/Vv) TFARS BT bUD L (Dextran sulfate
sodium salt : DSS, MW 36,000-50,000) (MP Biomedicals) /Ki&#&%= 1 BEIEARG
KEERENDIR (Ist BAOILNDIR) (. 1 BEBEODKESZ . =5(C 1E/

R) EUTAWE.

Apstatin D&%5

2nd A U)LY DRICH U T EIBERIEK (Saline) (CTEAR U Apstatin & 2 1
g/mouse (0.1 mg/kg) T. Day 1-7 @ 1 BREREEAKRS (1H1E) Uiz, 3
BREF(C (L. Apstatin /B3R EFED Saline ZEFEAIRS U1z,

HWERUARBEOREDAIE

DSS 3%5 (Normal) YORXEEE 5L, 1st A UILNYDIRAKRY 2nd Y1 D)L
NORBHIE 6 LERLZ, Day 1. 4. 6. 8 ([CENIRADAKRE (g) ZRAIEL. &8
DOFEIGEHFEREZBH Ufz, Fiz. Day 8 BRiBDOY IR ZREY T CREEIIR L.
55 FalDiERBEREE Uz, KBEMIOoRS (cm) ZRIE LT,

JRIBAE AR

Day 8 (C#ft UIeN DX KiGHEfZE. 10% P EEE/RILYY > EERZERAVTE
ElbUrEg. ST« aBUfc, ZUOMAICT 3 pm UIEZERL. X510 R
(CREDRHFTZR. A RFSUS - TASS (HE) REZITOHEMEHRREUZ. X
EFTREMNS. @U'SA (Epithelial erosion). @i&%E (Ulceration). QRIEMHAZS
# (Inflammatory cell infiltration) . @#HkHEZFHliatE4 (Fibroblastic Hyperplasia) .
©FfE (Edema) @ 5IEBICDWT, EEEZRY 5 BREORIERTT7 10 1 RIER
U 1: 8% 2 8E 3:FEE 4: EE| CTHMEL. RIEHOFIEZEH L.
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(R EEBE]
Apstatin @ APP3 [HEEM

APP3 [CX19 3 Apstatin DREEMEZANDZ&H. HEK293T-TNFR2 kg5,
—IEME(CRIRSEZ APP3 ZHER L. #&2E 1. 10. 100 pM d Apstatin Z 01X 72k
@D APP3 DOHEIEEBDOUINIEEZIHE L /2. TDFER. Apstatin DOREMRIFICEHE
BEMETULTHD. Apstatin iV APP3 REEMHZE D &M o7z (Fig. 23A).

TNFR2 = 3)L3f9 B Apstatin D&

ETEE=H [APP3 @ TNFR2 TR I FHILADEZE| OFEEMNS. APP3 H'E
5923 &EEZX 5N TNFR2 F5iRMD MAPK 22 F)LICX 9 B Apstatin DFZE%ANRSB
fz&b. Apstatin ZYEFS /= HEK293T-TNFR2 #HAZ(CH T D& MAPK KU 8t

A 300 B Apstatin (100 uM)
treated

250 ‘ **

R2-7(min) - 3 10 30 120

200 | APP3 |1 I8 =% B =
150 ¢ TNFR2 |+ - ey
100

P-JNK

50 r

Fluorescence intensity (RFU)

0 JNK
0 1 10 100
Apstatin (uM) P-p38 MAPK
Fig. 2:_5 Inhibition of APP3 enzyme activity by p38 MAPK |
apstatin
(A) APP3m was purified from APP3m-HA transfected = .
HEK293T-TNFR2 by anti-HA immunoprecipitation. P-ERK1/2

Affinity-purified APP3m was treated with or without
apstaitin (1, 10, or 100 uM) for 30 min. The inhibition

of enzymatic activity was then measured by ERK1/2 |8 &5 &
fluorescence substrate digestion. Results are mean +

SD. P < 0:01. (B) HEK293T—TNFR2 cells were B-actin PRp——
pre-treated with 100 uyM apstatin. These cells were

stimulated with R2-7 (100 ng/mL). After cell lysis,
phosphorylation of JNK, p38 MAPK or ERK were
detected by western blotting, as well as expression of
APP3 and TNFR2.
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A% Western blotting (CTET LTz, TDFER. Fig. 21 (CBWLWT APP3 & w5
> UTeia EEERIC. INK DU S EMEDIIFEINERS SNz (Fig. 23B). =5I(C. p38
MAPK & ERK DU B BHNHI SNz, 7z NF-kB & U PI3K/Akt (CDUL T APP3
' IwOAIDUIBE ERE. ST FILICKERELEERH SN > (data not
shown), > T. Apstatin (C&D APP3 MBEZE(L. TNFR2 =2 F)LICHBUT. APP3
IV OFI EERDFEEZERIFITEDEEZ BN,

KBRETILY D ADREZALRUARBORS

BBEMEARBRDREES APP3 DB EZIRSHCT DIz, Apstatin ZEHIKS U
7z DSS EFIILN IO ADEENRMEBEZ L ZATET DL EBIC, FHERTRORBORE
SZEEUIZ, Day 1. 4. 6. 8 DY IRXRDHREZRIE UIZERMNS. 2nd 1 OILY
D A(E. Normal XX 1st A JILN DR TR THEDIEMAMIZ SN D tEE(C
HD. KIBROBEANRESNZ, E5(C. 2nd A DILNYDIRI(C Apstatin Zi%5 L
IZHZATE. ARENR I DEENERH SN (Fig. 24A). F/. Day 8 [CHULTHE

S 21t
E - (T 1] + (]
R
g 19}
>
S - M*A
m L
17 —— Normal 4 Normal
—=— 1stcycle + Saline | .+ ° B 1stcycle + Salipe
15 ' —&— 2nd cycle + Saline A 2nd cycle + Sallne.
—e— 2nd cycle + Apstatin @ 2nd cycle + Apstatin
13 T . . ) T T T T T )
1 4 6 8 3 4 5 6 7 8 9
Day Length (cm)

Fig. 24 Body weight and colon length of mouse in DSS model

Apstatin (2 pg/mouse) or saline was i.p. injection to DSS model mouse (n=6) every day. Normal mouse
(n=5) was used as control. (A) Body weight was measured on day 1, 4, 6, 8. All values represent the
mean * SD. (B) After isolation of colon, the length was measured on day 8. All mice have ad libitum
access to drinking water (filled diamond and filled square) or 2.5% DSS water (filled triangle and filled
circle).
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H U RKBORESZRAIE LSRR, Apstatin 15 U/z 2nd B1 D)LY XTI, it
BN I RTHART., KEBEMNEMERNZRSH SN (Fig. 24B). i€ T. Apstatin @
1%5(CKD APP3 DIEEN. KBRDBLZFERL CLIEREEENEZ SN,

KRB DRIEAE AR
KGR RAE(CXT I D Apstatin DFZEICDWLWTHNSD Iz, Day 8 (it LTz

Normal ¥R (#1-5). 2nd BADILY IR (#1-6) KU Apstatin %5 U7z 2nd
A DI DR (#1-6) DARGORIBRBOBHR 21TV RMIEFARN S BEEZ “0 :
RIAEIRL" W5 “4 . BBE" FTO S5 KBEORIEBIAI7ZTHFHMULZ (Table 3). EDih
£. Normal ¥YIXICHART, 2nd B D)LY DX TIIRBRA AW EEZRL. KiE
ROIERZZEUTZ. 512, Apstatin %5 Uz 2nd B OILYDOXTIE, UFAWD
RAEMEHRRDRE. ZFEOFRIBI TN, KDEWMEZRLTHED . KIBROEELH
BNz, ERRIC, Apstatin Z#55 U D ADKEHESED HE B T(E. REH
RO ENEEE (CFRHSNZ (Fig. 25). DT EMS. APP3 DIEE(CKDER
HRBRDORBBEN B SHECEIND EEZ SN RAEEPAIICHS UV T TNF-TNFR2 =4
FILDEFEN # & = R (F U TV D REMEN RIE SN,

Table 3. Symptom severity in DSS-induced colitis mouse model

2nd cycle

Normal 2nd cycle + apstatin (0.1 mg/kg)

Score # # # # # Score # # # # # # Score # # # # # #
average 1 2 3 45 average 1 2 3 4 56 average 12 3 456
Epithelial 00 00000 08 100220 13 32101 1
erosion
Ulceration 0.0 00O0O0O 0.0 0000O00O 0.2 010000

Inflammatory cell 00 00000 30 323343 32 433333

infiltration
Fibroblastic 00 00000 27 313333 27 333313
hyperplasia
Edema 00 00000 13 021203 18 203303

Symptom severity was scored on a scale of 0 to 4; 0 = normal, 1 = very mild, 2 = mild, 3 = moderate, 4 =
severe. Average scores of each group (#1-5 or #1-6) were shown.
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Fig. 25 Histological analysis of colon tissue in DSS induced colitis mouse model
Representative hematoxylin and eosin (HE)-stained colon tissues from Normal mouse (A, D), 2.5%
DSS ad libitum mouse (B, E), or 2.5% DSS ad libitum mouse treated with apstatin (2 pg/mouse) i.p.
once a day (C, F). Each colon tissue was prepared at day 8. Bar = 200 um (A-C) and 50 ym (D-F).
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AREBTIE TNFR2 ST FHIURE(CH TS APP3 DHRERETZ 1T D1z &9\ in vitro
(C$H1FS APP3 & TNFR2 DREEICDWTHA LIz, TORR. = MNP RUFICHE
9% APP3m fZIFH TNFR2 N#EET DT EHHIBAL. MRRE(ICHKIRT S APP3C (&
TNFR2 ST FI)LAFES U TR EE X 51Tz, APP3mE APP3c (&, N ZKikdD 79
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SOFIVEBEIESED END, F72R TNFR2 203 UmZEHEEDEENREN
Jzo MIEDETS. APP3 A= RO RUFPICBIELUTVWREENREEICDULT(ES
MO TWRWA, BERO—DE LT, APP3 A TOF7—EEEEE DT END. EE
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FLUTHD % APP3 I TNFR2 S0 FI)LEN UTZAEMREER ICBN D 2 EhVR
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Fig. 26 Proposed model of novel TNFR2 signaling mechanism that includes APP3m

When the TNF binds to TNFR2, APP3m is transferred from mitochondria to cytoplasm and recruited to
the intracellular domain of TNFR2, as well as TRAF2. The TNF/TNFR2 signaling complex bound
APP3m triggers the phosphorylation of JNK. However, detailed mechanism that is considered to
induce to the AP-1 activation is unknown. Furthermore, APP3 inhibition by apstatin exacerbates
symptom of inflammatory bowel disease (IBD). This result indicates the possibility that APP3 mediates
a part of protective role of TNFR2 signaling.
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