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Abstract

NF-kB contributes to the immune response and tissue stability. In one hand, excess activation of NF-kB
often causes inflammatory diseases and progression of cancer. Sructurdly NF-kB isahomo- or heterodimers
of Rd family proteins, induding p65, RdB, ¢-Rd, pS0 and p52. NFKB is adtivated by two different pathways,
canonicd and noncanonicd pathway. Activation of the canonicd NF-kB conggting of p65 and p50 isimportant for the
immediate immune responses and inflammation. Noncanonical NF-kB congging of ReB and p52 is important for
B-cdl mauration, the autoimmune diseases, and neopladtic diseases In this thesis, novel inhibitory mechanisms
of molecular designed two NF-kB inhibitors, (-)-DHMEQ and DTCM-glutarimide, are described.

In introduction, the mechanism of NF-kB activation, its involvement on inflammation and malignant
diseases, and characters of NF-kB inhibitors used are described.

In the 1% chapter, | have examined the effect of (-)-DHMEQ on noncanonical NF-kB activation. As a
result, (-)-DHMEQ covalently bound to 144Cys of RelB and inhibited DNA binding and its activity.

In the 2™ chapter, | focused on the effect of (-)-DHMEQ on noncanonical NF-kB. Noncanonical
NF-kB is constitutively activated in adult T-cell leukemia (ATL) cells. As aresult, (-)-DHMEQ inhibited
DNA binding and reduced nuclear accumulation of noncanonical NF-kB. Interestingly, | also found that
(-)-DHMEQ induced instability of noncanonical NF-kB in ATL cells. Next, | have prepared mutant RelB
that can not bind to DNA. As aresult, | found that DNA hinding activity of noncanonical NF-kB is a
crucia role for itsintracelular localization and stability. NL S-inactivated mutant also became unstable. |
also found that the structure of mutant with loss of DNA binding activity had lower affinity to importin-a.

In the 39 chapter, | have studied the structure-activity relationship of NF-kB inhibitor
9-methylstreptimidone using its analogs. As a result, | found that the specific unsaturated hydrophobic
moiety of 9-methylstreptimidone is essential for its activity. A new candidate compound for anticancer
agent was also found among the analogs. Moreover, | also found that DTCM-glutarimide, a
9-methylstreptimidone derivative, selectively inhibited long term LPS stimulation induced-NF-kB
activation.

In conclusion, these novel inhibitory mechanisms of NF-kB inhibitors would contribute to the progress

of new therapy for auto-immune diseases and cancer.
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AP-1: activator protein-1

ARM: armadillo motif

ATL: adult T-cell leukemia

BAFF: B cdll-activating factor belonging to the TNF family
BSA: bovine serum albumin

CARD: caspase recruitment domain

clAP: cellular inhibitors of apoptosis
COX: cyclooxygenase

CTD: C-termina domain

DD: dimerization domain

DHMEQ: dehydroxymethylepoxuquinomycin
EMSA: electrophoresis mobility shift assay
FBS: fatal bovine serum

GST: glutathione S-transferase

HOIP: HOIL-1L interacting protein

HAM: HTLV-1-associated myelopathy
HTLV: human T-cell leukemia

HU: HTLV-1 uveitis

IkB: inhibitor of NF-kB

IKK: IkB kinase

IL: interleukin

IL-1R: interleukin-1 receptor

IPS-1: IFN-3 promoter stimulator-1

IRAK: IL-1R associated kinase

ISG: IFN-stimulated gene

JINK: c-Jun N-terminal kinase

LDL: low density lipoprotein cholesterol
LRR: leucinerich repeat

LPS: lipopolysaccharide

LT: lymphotoxin

LUBAC: linear ubiquitin chain assembly complex
MAPK: mitogen-activated protein kinase
MAPKK: MAPK kinase

MHC: major histocompatibility complex



NEMO: NF-kB essential modul ator
NES: nuclear export signal

NF-kB: nuclear factor-kB

NIK: NF-kB-inducing kinase

NK: natural killer

NLS: nuclear localization signal
NO: nitric oxide

NOS: nitric oxide synthase

NZF: NPL4 zinc finger

PBS. phosphate buffered saline
PCR: polymerase chain reaction
RD: repressor domain

RHD: Rel homology domain

RIG-I: retinoic acid inducible gene-1
SCF: Skp/Cdc53/F-box protein
SDS: sodium dodecyl sulfate

STAT: signal transducers and activator of transcription
TAX1BP1: Tax1 binding proteinl
TAK: TGF-[3 activated kinase
TBK-1: TANK-binding kinase-1
TIR: Toll/IR-1R receptor

TLR: Toll like receptor

TNF: tumor necrosis factor

TRAF: TNF receptor-associated factor
Ub: ubiquitin

UBA: ubiquitin associated

UBL: ubiquitin like

ZF: zinc finger
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FEIL, 1981 FLIk, HARADFHEURRASE 1ix D, B THRET HHEITSH
PETITA4ANZLIA, ZETIZ6 AL ATHDD), ZOERE L TIEFEEFEM
DIERREGMRERBIC L AT EDOR T, BEB LOEEEIEOCE(L, EED
HFIZLDZWEEOR LR ERBET NG, Z0, BFRIIIERICEE
ThHY ., [B3GE. BEAE., BRZEWNTO 3ETERFEETHS X 10
HERAMIEEZE] ICREREIND LI ICTRHEMEEZICL > TES ZEENT
X7, e, BIEELSOORIELOREDLY RHLNA TS,

RAE &9 OEE I IR EFE O R B IC K E < 'k L7 Rudolf Virchow (2 X %
BRI Z T 5, RIELIX, BARGERGEH YA T MRk
£ L CEIRRCME ZBRMEOTLEERITH Z LI L > T &R SN D HEE
RE R HEL Lo, 2FMHEICITRAZ G EEZ LI2REETH 5, 1863 47, Virchow
IIEEER I AMERAZERE L T\ D Z L 2®WE L, BN EEF X
2T & W o TERIIBRE A28 Lo, 19 i Y4 KFiE Johannes Andreas Grib Fibiger
DOFEZA B & *ESL LT3, Virchow (% Fibiger o T 1324 D&Y K
STHIZ] OB L, HEORREITETHRICH D] L&, BHH
MTCTEZDY U AE~ORBENEORE & 705 2 L 2R L7, 20 #HidaTH
121X Virchow #FEEICEF L, WEFZFATILEE =8 - IIE—R 73
FOHONENZa—VE—VEBA LT L LI Ko TEIBAETHZ L%
AL, ANTEZMO TER LI, Z20%, 2— 12— LOHRNLEEEDE &
LTINS T b TRy, RUVELURSEES LT, 1940 RIS 5 &
Peyton Rous, Isaac Berenblum & ORFFE4 18 L, FEEEEFRITAMADIZ A ARy 28 2
ML & 5 Z & CREBERIBHR SR X b “initiation” & fEBERIBRMALN 7 17—
TVICHITERE A 15 L, B BB AZFEE T 5 “promotion” DEEMEN D
DT ENIRS NI, WL, BEICET MR ET O . HMEMER R BIEE
BIEOETICBWTEEREEZR-T) bnoloBX A8 H L7z, 1980 4
izi%. Barry Marshal. Robin Warren (= J - T Helicobacter pylori 73 B i&1E % 2|
IR ZTZ ENHEI N, BIETIL, Heicobacter pylori 12X 2 B ALEIEE
DEMENEREFETHZ & RIENBLZSI BT I ENMLNTVSH(),

PLED & 512, Virchow |2 X 2 EHRIEFICH 25T 5 K 0 R RAE & D358 < B
WL TWDZ LIIE LA BREBEN TV, RIE & 958 O BEEME O HHE 4 3 3
THITIEESL R -7, L L, #88ERET nuclear factor KB(NF-KB) 23 RIE & & 1T
EOo TIHFICHERER LR LTI EDEAINLILITL ST, RIELED
BB DHIE N D )T 7 o 72,
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IZITH AR S EERENDH Y, Fig 1IR LXK D12, FREIEEORIGIERE
THEx TR ME < (3, 4), BARGER LIEERERIHFANE ZLicko
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Fig. 1 Innate and acquired immunity
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HARGEIZ TS, 7 A VARG & O B RGLIT6F U RGN BIRFHY 72
RIESEZRL, v~/ 077 —VIZLL58ER, VA FIA LV DOEAZIT LT
RIEDOFTHE, BEGEZDIERICEE CTHL Y VN EROTEHL L BIE 21T 9,
BARGZICIB W TCEE @ X 29 53X F ek, ik, ~r/a 77y —v,
NK (natural killer)fifd, ~ 2 MR CTH 5, B IR MR Toll-like receptor (TLR)
<° retinoic acid inducible gene-l (RIG-1) % J1 L 7= BWRs8iiiE 1 K - TEM b &
5o

MO TIE, BARGERITESGERANEMEILT 5 E TICRIERSEZFHEE L T
BN 24T 9 FERER TR b DO TH D EEZ BTV, L. Bz
T MaERET, EEREREFEIR, S/ uravuYa yNRTIZEBNT
BRI L DS Toll EMEEN D ZBEZ N LR ibsnd 2 &n
BH & 272 572(6), Toll X, A 2 a vy a v _"TOyEIRIZ B T g
DRI EETHLEBETO—2L LTHRESN(7, 8), F7=, Toll & RIS
VIR OY EE R EE R &ZE 2 BT8R TFE LT Tl O U B K75
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Spatzle, Toll ® 7 % 7% — % > X7 @ Tube, protein kinase @ Pelle, NF-kB @ family
& 37 E O Dorsal, FHFLIED IKB IZAHY 9% Cactus & [RIE I 4172(9), & BT,
Toll & & b interleukin-1 receptor (IL-1R)2MELIOMREZ BT 5 Z E BN y-oTz
8, 9, F7o, MEKEICL > TRELFIESEHI LIy a vy a U TREIR
BEOFRER, PLEX7F K Th D Cecropin RFEHEL T\ 5 Z L3 gino72(10), 7
o — X fREAT OFER. Cecropin O 7' 1 & — X fHIKIZ NF-KB @ =2 & % AFELF|
WD Z EMRESIL, Toll ITX 5 HREIGEICZ NF-kB 35 L TnhH Z &
DAL NE 5Tz (11), £ D%, MILEOMIEIZE N TS Toll FkLE 7% — D3
BAFR S, WAILBICBWTHERBERN TLR 2 L CHlfElsin s Z &0
RENT(12), TLRIZFE R AMIMEOWER D Z U T FEeT5LEFEX2 6T
WeR, DA NVAHERD AT AL ENT DNA 2V T Fe§5 TLR HEES
. TLR 23U A VARG D5 2 b L T\ D 2 E BN E 2
-7-(13-16),

(b) TLR IZ & 3 BRAREILE

TLR I~ 7 v 77— U0 RHIIRZe £, FICBARGERMIaO MR I FE
THLETH—H U RIETHD, TLRIZ, Fig. 2 IR L= X 912, MR/ EE
2B N EDHEERIZEET 2 AU v F U E— MNLRR)ZFF D,
fE PN EIER 12 1 interleukin-1 receptor (IL-1R) D ARG PNFEI & 9 200 7 2/ B2 D AA[F]
M2 4 HHEET/IL-1R; TIR)Z &5 (17), ZHE TIZ TLRIX 13 N A &
N, BRIV RERHBL T I NMBREEZEHLESEDL ZENRENT
=7,

(A) (B)
a4 )yF)E—k
(LRR)
19G likeF A2
XLXXLXLXX
XPXXPX, FXXLX
_ (©)
—Box1—
—Box2— TIRFASY
—Box3—
IL-1R TLR

(X:any amino acid @:hydrophobic amino acid)

TIR domain

Fig. 2 Structure of TLR. (A) Structural homology of IL-1R and TLR. (B) X-ray
structure of LRR domain of TLR3 (PDB: 3ciy). (C) Xray struutcute of TIR domain
of TLR1 (PDB: 1fyv).



Table 1 Toll-like receptors and their ligands

Receptor Ligand Origin of ligand reference
RIFRG YA gram-positive bacreria; 5.5 45 18,19
19kDa YiRA> /898 mycobacteria 20
TLR1/2/6 zymosan Fungi; B2 FE 21
GPI7>h— Trypanosoma cruzi; 47 JL—X-kJs8/Y—< 22
phenol-soluble modulin Neisseria meningitis; §af& 2 & 23
TLR3 double stranad RNA Viruses 24
lipopolysaccharide gram-negative bacteria; 7' 5L SR 25
Fusion protein Respiratory syncytial virus; FEI% 28 & Ba{K™ A JL R 26
THRd 25— Plants 27
Hsp60 Hsp70 Host 28-30
TLR5 Flagellin; & O EER 2 /8D Bacretia 31
R W E AN Synthetic compounds 32
TLR7
single strand RNA Viruses 33-34
R-848; /34X /) D —i&E Synthetic compounds 35
TLRS single strand RNA Viruses 33
TLR9 CpG-containing DNA Bacretia and Viruses 36
TLR10 N.D. N.D.
TLR11 N.D. Uropathogenic bacteria; fR &% S = 37

TLRDLRR R A A NI Fig. 2A R L= E 9727 2 BRES| DR A L.
Fig. 2B @ X 95 72 3 ko 2 FF(38), LRR 13 Fig. 2B @ X 9 IZB-sheet & a-herix
RENNV—TRICO B> 72 UFROEEE R L, U T8O domain #5502 U 7
Y RPHR VAT Z LI K> T T IR EETEE(L S 5 (38), LRR KA A 1T,
Table LIZR L7 L 9 ENEND TLR AR 72 Y T RO AEHIE+ 5, T
%, TLR4 X TLR family OH THRANCFEIE iz TLR T, 7 7 AEME Ol
FEDRERL AL 5 T3 5 lipopolysaccharide (LPS)Z U v R&4 %, £7-. TLR2 i
TLRLEZIZTLRE & ~T X A ~—% A L CTHIE RO U AR T F FOMHE
RIEEDBEWEEBRTOBEMAEAFEL WD, &51C, TLR3, 7. 80k HicvA
JVAHED RNA U 2 KETHH DXL, TLRI O L ) IZHIEHEED X F L1l
SNTZDNA Z U H REFTHTLR BFEIESNTWVWD, —F, TLRD TIR KA
A NTHRENICHFIE L FQ.2A D XL D 2fRIFSNT-3 DD box RAA VZ&FH,
TLR MEMALT 5 > 7 T /URZEOFIENZ & > TH.OLRI R EE|Z 5 T 5(39).
F72. TIR KAA %, Fig. 2C D X H1Z, 5 2DB-sheet #HiE % 5 > Da-herix 1
ENEY X O 3T EEZ L > TWD, 5T, TLR L EICiR~7= & H 72
U7y ROBIRMISMZ ., MENBEICORE S5, BEEMIZIE, TLRL, 2,



AVTHIRREICHFEET 20125 L, TLR3, 7, 8, 9i1F=> KY—2AWNIZHFEEL T
WD ENHLNTWD (40-42), TLRIZ X 2 BARGEIGE L4 W), FERERMIC
WAEMEZEARTIMETHD EEZX DN TV, HFIENER, Z OHI
REDBA 5T D IO TEERERNELT 2 £ TOBRE LA %&E 24
STWNWDHZ EDRB LN,

(©) RIG-I IZ & 5 BRAZELE

RIG- {Z, AR D TLR & FIFRIZ BRGRE A HIE T o2 "7 E L L THbLILT
W5, TLR I~ 7 v 77— UM e S IR RAICREL L, MR St
L CHREISEZ7RT N, TLR BRE L TWARWZIZB W TH 7 A L ARG D
RS & BARGIEISE N R 5L, RNA ~ U h—Y OBEEEZ 8o RIG-I 28, TLR LA
D BRI E ZHIET HRF & L CRE S NT=(43), VANV ARBYORE, 5
FHRIZIZ T A NVADT ) ANEAI L, BEEMBENTY 2088 IS 2
L2 & o> T dsRNA N EFET 5, RIG-I 1%, ZFE L 7= dsSRNA 38k L. 1 v ¥ —
7 = v (interferon; IFN)DREEZFHET 5 Z L2 X o THHERS Z il LT
% (43),

(A) CARD (8)
RNA helicase domain CTD

RIG-I HTH_I | [ ] |

MAVS u

PRR TMD

Caspase recruitment domain; CARD
C-terminal domain; CTD

Prorinerich region; PRR
transmembrane domain; TMD

-@ Virus infection
—e
o

¢

©

RIG | activating form

CARD
% MAVS
RNA helicase domain
RIG-I inactivating form

mltochondrla

| IRF-3, IRF-7. NF-xB activation |

Fig. 3 Innate immune reaction by RIG-I. (A) 1% structure of RIG-1 and its
adopter protein MAVS. (B) X-ray structure of RIG-I1 CTD binding with dsRNA
(PDB: 4a2x). (C) Innate reaction of RIG-1 against virus infection.
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RIG-I % Fig. 3A [T/ R L7 X O &2 D, N KislZ caspase recruitment
domain (CARD)% 2 ©#it, H#IZ1L DEXD/H R > 7 A% RNA ~U 71—+ K X
A >, CK¥mfH|(C terminal domain; CTD)(Z Repressor domain (RD)% &> (44),
CARD DA ZBREBERIELZLICE 2T IFN OFRABRE LN LD,
CARD » RIG-| D=7 =7 Z—RAA L L THEELTWS Z ERFEINT
WA(44), E£7-. RIGI ® CTD IZ CARD BLOANY H—F RAL DY v —
WL FANEEL, =72/ X —RKAA 2 ThHb CARD ZAEEICTH L
T RIG-| DiEMALZINH] LT\ %, CTD WNIZIE basic cleft & FRIEIL 5 fEIS N EE
L. Fig.3BIZ/RL72 & 91T dsRNA %3277 % (45), dsRNA 23 fEA L7- RIG-I X
Fig. 3C IZ/R L7z & 9 70 ATP KPR EZ k% & 5 Z & T CARD MRS 5,
fiffit Sz CARD X ha vy RUTIZRET LT X X —53FTHDH IFN-B
promoter stimulator-1 (IPS-1; MAVS) & A\ > CARD %/ L CHEMER L.
TANK-Binding Kinase 1 (TBK-1), IKKa, IKKB, IKKy7Z2 &% U 7 )L— K L, IRF-3,
7. NFkB 72 P &2 TEMAL S8 5 Z L2k - TIFN ORI A2 FHE T 5(46,47), =D
KO LTHRIEAL, S/ IFN ZEBEOMInOZ B ERITHES L. JAK-STAT
R A TEMESE S Z &1L > T IFN FEE s T (IFN-stimulated genes; 1SGs) % %
BREE VANV AR EZFHES 5(48), RIG-I 1 I1SG D—>TH 57, dsSRNA
W& D RIGI DIEHALIZEAR YT 4 77 40— RN 7 E2NT5HZ LIk TIHESR
(ZFHFANT T A L ARG D B RS 2 iE (R L T 5,

U ED X 92, TLR & FAkE, RIGIIC LDV 7T sED HRGEISEICBW
TEEREECTH D, BREEL, MESY AV AREEOBEORLEE#E - LT
FEFEICEHEETH LN, BRENIEMELT 5 L RIEHREER, BEREERE, 51
ITBEORKE L2570, GERIGOHIENILZ N SEREBDIBRICBW CIERICE
EHTHD,

(d) REEHEAT 4 =—%: —B(LER(NO) L COX-2 EAME

A L7z X 912, RIESCARGEICBW v a7 7 —VIXEEREE 2 1
7T, ~7u 77 —VILL o TEEASNDOIRIEMEAT 4+ =—& L LTk
ZEFE (nitric oxide; NO)AEI HL TV 5(49), NO 1f, —M{hZ=EHE A (NOS;
nitric oxide synthase) DX IZ LV, L-TAX=0 DT 7 =V U ENKEERIL S
HZ IR VARSI, Z< OABEFR), WEFHRRIEISEICHLTED
»CEE AR AE & B2 LTV 5(50, 51), NOS I constitutively NOS (cNOS) &
inducible NOS (INOS)2 > D 7' /v —FIZ M E N5, cNOS 1%, HfaRr I 1EE
FINCHFEL TWD Z ENMB L, £ DORBEFTIC X - THER NOS(neuronal
NOS; nNOS) & 1. PN 2% NOS(endothelial NOS; eNOS)IZ 4y X415 (52, 53), =+
7. CNOS D F B & T CEMKIERI R I NEY 2 U OIEMEIC L » TEEB%EI#E %



ZUFDHZENHEINTWAH(BE), —F. INOS ODFEHIZ, ~/n7r7—, fF
MR, BERMAE e E O HIIIZ B WD CRIEMEY A b A R LPS 12Xk - T
FHE XN DH(5557), Zi D NOS iE 50-60%D 7 2/ BREHI OFRIEIEA & 5 (58),
RIEVEY A B I A 0 LPS IZFFEE XD INOS OFEHALIZ & D NO FEEA L, #
BRI KT DSBS EY OHEBRIC L > TEETH 525, BFl7e NO EA
FRUENE S 2 v 7 PMIREEDIRRE & 72 5(59), v/ 17 7 —IIZBWTLPS
IZ X > THE IS INOS OFBUITEEE K 1 NF-kB, AP-1 DR G- 3#E S
TEV., BRI T, LPSICX D NF-kB OIEME(LH INOS DI % LI
HIET 2 2 & BB STV A(60), LPSIZ X% NF-kB DiEMALIE NIK(NF-kB
inducing kinase)<° IKK (inhibitor of NF-kB kinase)® V »fb.z5kE 3 5 % 37
HxENMLTEBI5 (61,62, 7o, LPSHIEKIZL > T, X har KU 7 OIEMEL
DEZV, I har N 7OEHzERD HIEMEEEFRTE (reactive oxygen species;
ROSMPEA I N Z & T, MIBANOERLIZETLA A A A X T AHREAIL, NF-KB,
AP-1 7¢ & OFBIEN ORI TR BTN E T D ERE R 7 EMELT 5 & o 7ot
LA STV 5(63-65),

COX-2 (cyclooxygenase-2)iX7 7 &% RO T R AZ 7T 0P B EKRT 5
ZURTETHY, ARENTZTaRE2 7500003, U U REROBE 255D,
RIEZGIZE T Z LI Lo TEENRMAEEESCE CREREREDRRK, £/-
ERKRGRE 72 L D JRIK & 72 % (66-68),

eO—Oe Arginine LPS \
NADPH NOS
Oxidase
N
N /

Arachidonete

COX

OO—Oe + | — .é') Oe PGE,
.O \O/ +
PGD,
Superoxide Nitric Oxide Peroxyinitrire

Fig. 4 Relation of NO, O,, and prostaglandin (PG) biosynthesis in
inflammatory cells (71).

COX IIT TF% RUBBING T a AR T T D ~DESREITOBEZELE L TO
HEEEZ A L. COX-1, COX-2, COX-3 25725 family 2 L TV 5(69), =5
(2. COX-1[3kk% 72l CIEFBNZFEBLL TWHDIZxF L, COX-2 IXREM
A MHA VIR EORIESRNFIZ L > Cv o n 77— UHER, fiHESFMRR L
ICBWCRRFBEIN DB AEAT H(70), £72. COX-3 1% 2002 (& DR



ENRE ST COX-1 DEREKRTH H (7)), COX-2 12k urBrs v

DEERIE, Fig. 41ZRL7ZX 9 7% NO & superoxide 7> 54 /%3 % peroxynitrire
Z I L TINOSIZE D NOEADRKEE /7 a A =055 LRHEINTND
(71).

() WHRHER

EERERIT T AL, B EICEHE ., FURRENRICE LR~ T, TR
B Afifc I B AR E R OMAL D HUR Z 2 Y | FURRF R 72 R D A A3 HE5E 3
%o THIAZIZIZ CDA D~ X—T Hifid & CD8 OAfaREE M T MAL(CTL) M FE
L. ~ =T M3 EFEY A b A &R LT, FURELAMO B i,
BEEEYOPEREZIT S CTL %D BRGE RO~ 7 17 7 — ViR S 5 &% E
HEHOTWD, 2O X HI2, BEGEOBREIEMLITBRGEEZTEMRL L TX
JEIZFEOSL Z & ?w;%.’)o

BB EERNIZAD & #J?%%f%mﬂ’m‘a% L nm 7y — USRI K D
BE, 5IEkx ) Y Y =N X0 ESIT, 10—15 7 X/ BROW R IZ 0T

DRI NIRRT T F‘&i#)ﬁ?%mn’ﬁﬂ’ﬂi‘%ﬁ@\ major histocompatibility complex

Il (MHC INIZFEE L.~ =Tl T MRS B AR(TCR)IZ L - TR S
N5, Fig.51R L7z X912, ~b =T il EIZ3E LT 5 CD4 1L MHC &
fEa L, TCRIKGFRIZRY 7 F NV ZiEMH L ST IL-2 0 IFN 72 EORIEMEY 1 b
HA LV DEAELTH Z L TBMIES CTL ZiE M b &8, ARG &2 7~ 1(72),
F7-. TCRTofH L BEH. CD3, CD4 MIEHFHEAE THET D Z LT X - THERK
SHhTW5

PSH

MHCO SR 53F
(RERRRF)

TCR/CD3tE& K
(RZER)

AT
(B2 BIE)

ATV )HUR
(FEBIRE S F)

IL-2

CD86 CD28

*oaI77—o AJLN—THERE

Fig. 5 Adaptive immune response activated by macrophages.

T, BEGERIIMHCI 2/ LC, BC LIEEC 2T 2MELZ AL T
WDHDIZKRE L, BRGEIZIZBECAEE C 230 LT 2HEEIT R W=, s
FOFENC & > TESGERNEERZE ZH > T 5,



1.3 RIEMEREB L 2R

PL bR A~7e X512, RIEITHESCRIREOBERIC & > TRAD KIS TH 513,
HEBGRERICLDACORBNEL o2 | RERICBRNCTEELT S &
HIRIZE > CTHERRIEMRRBOBESISE T LI,

G R DG L RIEMEBO—ICT T v — AEEREE(LS H 5, Fig. 612
LT E DT, BRI, R, AMEN DS SEHEEAE Lo TV D, F,
MEF I IZ T OMEIca L 25 e — LA %ET 5 low density lipoprotein
cholesterol (LDL; EEa L A7 02— /L)BHFEELTW5, MEITMED EF OB
JE e 8T, MENENMESTOND L, MEIERENEZ D, ZORE G LDL
DNEN S HE~E AV AR, ZOFRER, v~/ v 77—V OERBIMEEIND,
M NAEIZ AV A A2 LDL 1% ROSIC & Db 25 17 CRERWE I 0 EFE
Liz~w/n77—VIlEBBEINS, BB{LLDL ZEVAALTE~7 07 7 —FR
JEAEZ L, BT 52 TTr e —A0RR) 75— R3%4ET 5, £ LT,
TTa—ALTT—7 ko TIENRENELS 720, IBICEEICRD ME NS
SBNDHZ ETT T e — AEEAREE LI R AT S (73), EMREE(LSEITT DRI
X, BEO—EHNTLROU H U RELTHE, v~/ a7 7y—U L ZiUltEd ~
NR—T MREOIEMEALZITO) Z & Tvrun 7y —VOERELY S OITEMHR b
52 EbHMEINTWNS(73),

EiLLDL @
PO
@ / 7ya77—>

oR77—

FTra—LTS5—4H

Fig. 6  The mechanism of atherosclerosis.

F7-. BT, EHHRICBW LY 7277 —COBBENRLIL, BEKR
JREFZ T ZE T, RIEMERFLISEITZEHMBNATND, S HIT,
ZVE T E MR A 7 lysosomal protease & %5 2 5L CU M7= cathepsin K 23
BERAIIE CHHEE L THB Y, TLROD FIRICHFEL, B Y = v~ F OEM{KIC
KELFELTWD Z L LB INT(74),



2. NF-kB

NF-kB [3%0)% « RIEISEICE L CEERERIZH I X X7 ETHY . 1986
££|Z David Baltimore 5 12 L > CBHIfED@E 7/ a7 ) U KBRHBE F DT N
PRI ST ALY NI E L UTCRIE S IZ(75), =2 /> —8H D B it
A OKEEICHE AT 2 2 L5, nudear factor KB (NF-KB) & £ A1 5 1172(76),
D%, FORERIKFI135F & 65kDa & 50kDa D ¥ /X7 Th D, p65 & ps0
MOBRDHNT LAY —THDHI ENFLNITII, S HIT, p65 & p50 & FH[F
WarFT L5 ETHD p52, RAB., c-Rel 72 ENRR A IZFEIE S iz, — 7.
T E TR g BRFAEIEE 2% T 5L hr UA LA b e EIEENS
FEBAGF DNEE S AL NF-KB & re % o R 7 B oG EORELIMENH SN2
Rel/NF-kB family 2353E4E L 72(77,78), ®I(Z, B fifaLish D% < OMifE T H NF-kB
DIFFEDHER S AL, LPSHIIE 22 ST K o THIEMHIL SN D Z & A HE SN 7-(79),

2.1 NF-kB # R EF Rel family # > 37 B L FHER T IkB family # V7 B
NF-kB (T Bk L7 X 512, Rd family # > /X7 & ® homodimer % 7= 1%
heterodimer 7> & 41TV 5 (80), Re family # > /37 &% Fig. 712 L7z &
91T, H38 L T N K2 Rel homology domain (RHD)Z A L. Z @ RHD (213,
¥ RBTE > 7 ) b (nuclear localization signal; NLS). dimerization domain, DNA binding
domain, NF-kB RiEMHALIKFT&H 5 IkB family (Inhibitor of NF-kB family) % > /<X
B LiEAT 5 doman 3% 5 (77), £7=. p65. RelB, c-Rel % p52 <> p50 & F
720 . C RE#ANC trans activation domain (TAD)Z > & W 7= %A E 15,
NF-kB (%, Re family % > /X278 ? homodimer % 7= 1% heterodimer 7> 5 &Rk S
5 ERWEIN TS M, RAB D7 RelB [Fl4= ™ homodimer 3 X T, p65. c-Rel
& @ heterodimer [ I A% L 720 (81), % 7=, p50, p52  homodimer ¥ 7= (3 heterodimer
I TAD Z£f7-72\ 2 L7 5 p65. RelB. c-Re % & A TSR GEM 21> NF-KB
EBERICa e REFNCEE ST D Z & T repressor & L CORERE A FIET
%
—77. IKB family # > /X7 & (IkBa, kBB, IkBy. IkBe, Bc-3)iZ7 > F VU VU
' — k R A A (ARD) & MR TN D R EE) 0Bl S 2 £ > T D, 7o F ) U B —
MIEBRERFOMABEH - b a2 HE T 52 X BIFET A Z ERHES
NTWB(TTN KB X X7 EIZT7T %V U E— Kk FAA %9 LT R family
2780 RHD IZfEA L. Fig. 8D XL 912, Re family # > /378D NLS %
~ A7 LTW5, £72, pb0, p52 OHIFEAE TH 5 pl05 (NF-kB1), pl00 (NF-kB2)
I CRIANZT > F VU —rZ2F L, kB LHLOEELZF > T\5DH, FF
|Z p100 i RelB/p100, p65/p100 @ dimer FZA%IZ & > TNF-KBDONLSEZ~ A7 L,
NF-kB OHIIE FBIE A TG S 5728, kB family IZ558E S TW5(77),
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(A)

(B)

—NLS

19 304 550
p65 RHD Ny TAD
103 391
RelB RHD =l 208
7 286
c-Rel RHD N TAD 287
43 366
30
050 RAD .
38 341 0
p52 RHD =
43 366 430 969
plos/ps0  — LR [ HH T —{FEsT
405
38 341 v 940
p100/p52 RHD a HHIHIH]

IKBa —{HHHHHEET—
IKBR [ HH A =

By ———{HHHHH] =
8ol ——{ HHHHH] !

ARD

Fig. 7 Members of Rel/NF-kB family (A) and IkB family (B). The yellow arrows
mean the point of endo-proteolytic sites of NF-kB1 (p105/p50) and NF-kB2
(p100/p52). RHD; rel homology domain (purple), NLS; nuclear location signal
(red), TAD; transactivation domain (green), LZ; leucine zipper domain of RelB
(dark blue), PEST; proline (P), glutamic acid (E), serine (S), and threonine (T)
rich domain (blue), ARD; ankyrin repeat domain (yellow).
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F7-. Bal-3 1% p50/p52 Z# #EAK KT & 95 repressor & L CHERET % NF-KB IZfE &
35 Z L2k o T pb0/p52 @ DNA fEERex Kb, EEEEL H D NF-kB O
DNA f A 22 S D HEHE & 7-0(82-84),

2.2 Canonical NF-kB & noncanonical NF-kB #E#ALAR B

AR L7 X 912, NFkB % Re family % > /%27 & ® homodimer % 7-1%
heterodimer (2 & » CTH&R S 41, Fig. 8A |27~ L7z X 9 (kB Bl%|(GGGRNNYYCC;
R: purine bases, Y: pyrimidine bases, N: any bases)® A Ei 51| & B Bl 51 % dimer D41
R F 235D Z Lk > TREA LT\ 5, p65p50 @ heterodimer Tl p50
2% A BR%l, p65 23 B ERSIAZFERRT 5, X 62, Fig. 8BIZ/RL7=X 912, NFkB
1% p65/p50 % L7tk IK+ & 45 canonical NF-kB & RelB/p52 % T 72tk IK+ &
9% noncanonical NF-kB 73 & % (85), Canonical NF-kB #%#2% TNFa<> IL-1, LPS,
CD40L 72 & DRIELIZ X - T IKKa/Bly? heterotrimer OiEMAL 2R CHE SN D,
— 75 .noncanonical £ 1% LTay/Ba. BAFFHIIEIZ & - T NIK OIEMHEAL % #27- IKKa
@ homodimer DIEMALZ T 5, 51 &, 7’07 7 Y —AIZEIT 5 plo0 D p52
~RESFREOFHE 24 L CIEME(L 245 (85), F£7-. canonical NF-KB [ XRIERFHY 732
G BN B 595 2%t L., noncanonical NF-kB 13 B HIAE O AR B L 5
BICBET 25 Z ENMBN TV 5H(85),

(A) (B) ) )
\ canonical noncanonical
l TNF-a,IL1, J LT-a4B, LPS,
LPS, CD40L CD40L, BAFF
[r— [
| I
Cytoplasm l lNIK
IKKy
l IKKa l
3
l
(psoLees €2 e

XN KON XN XN
N NSNS

GGGRN NYYCC
L5

AEch| BEZSI

B &5l

AEE5I

Fig. 8 X-ray structure of NF-kB. (A) Canonical NF-kB/DNA complex (PDB:
1VKX). A-sequence recognized by p50 and B-sequence recognized by p65 were
described. (B) Canonical and noncanonical NF-kB pathways.
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(a) Canonical NF-kB FE AL

Canonical NF-kB #%#? NF-kB Y7 == M&RK I3 L LT p65/p50 &
p50/c-Rel TH V. Z @ heterodimer ITEH KB LS T 52 LI12&L > T, NLSA®
VAT I, BRATHE SN NEEREE CHEICHFEL TVnWD, L
C. canonical 72 NF-kB #&#& ClX Fig. 8B IZH/r L7 & 912, TNFa<° IL-1, LPS,
CDAOL %2 EDY A "I A Lo THlEZE=Z TS &, KB 2V VBRILT 5
kinase T® 5 IKKa, IKKB, IKKy (NEMO)2» 5 kD ZBAENEH L SN D, D
%, IKK 7 2=y "N IKB D R2%FH L I6FEOEY VEREZEREY VBEb
LT, T xF AKIZBIE 9% SCF (Skp/Cdc53/F-box protein) &K 23 i
&35, £L T, SCF HEMRIEA LTS B2 28X F UEIBREERIC L - T
IKBa|Z = B F AT, 2B X F L 1bE %172 IKBalL 26S 7 7
— L THfREND (86,87), Canonical NF-kB DiEMAIZIBW T, IKKyIE IKK #
EROFEI KA A & L THRET %23, noncanonical NF-kB 13 IKKYFERAFHIIC
EHEALT288)Z L3 b T4 & 912, canonical NF-kB DIEMALIZIUNT
IKKYy2S EE 2 & FN 2 R727, IKKyOEEMIZIT2 EFF MG LTS 2
EDRFN BTV, ZOHIEBEITE S REATH -7, LarL, &I, IKKy
DaEFT AUIZEB W T, Fig. 9IZ/R L7z 2D RING-finger % > /X7 '& . HOIP
& HOIL-1L, HOIL-1L & & W HAEFEME 2 £ SHARPIN 72572 5 LUBAC = B % F
YU H—BEEEROBEEN RS L, LUBAC 2% IKKYIZESROKRY =% F
AU, IKKyDIEEEL 28T 5 2 & T IKKyDIEELZHI#E L T b 2
& RS X472 (89-91),

NZF RING
ZF f\/ UBA IBR
HOIP (123 kDa) | Wl U T ERNIRIRE zinc finger; ZF

NPL4 zinc finger; NZF
Ubiquitin associated; UBA
Ubiquitin like; UBL

UBL

HOIL-1L (58 kDa)

cc RING finger; RING-IBR-RING
SHARPIN (40kDa) [ [[ | I | Coiled coil; CC
comformationZE L= &5
LUBAC 4 IKKa/BDY >~ B b 58
Cror_D CETTTTTE

E#H4KUbit

Fig. 9 Structure of HOIP/HOIL-1L/SHARPIN complex; LUBAC
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LUBAC (3% &5 %] HOIPHOIL-1L OE &R EE X Hiv7=23, SHRPIN KB~ U
AR NIKKYD RIEMALE BIZ K - THE 2 5 X E#EH IgM JE BRI TSI AR R
BIER EOBMGRIFICEL LIZEREZ R L7722 86, SHARPIN & IKKyoD BEE
MER S, BT ED v, ZD%, SHARPIN 75 HOIP/HOIL-1L OZ &L
H R E L LTCRIESNT-(90-91), IKKyE FIEEIC IKK complex Z AR %
IKKBZ2Y UV FIIZ L » CTiEMALT 5 NF-KB DN TOT X7 2 —2 X7 E L
L CHERE L?ﬁiftﬁ%ﬂ?ﬁﬂ%ﬁ 92 ELHEIN TV S(92),

UED X5z, AR EIRE DR & L TEHS D OIFENED 5 TFk
TbéwmmﬂNH@T%é@ Z DIEHALRREE O FIIIRIZRARIA 7285855 b
HY . IKK OFIEEEHE ORI Z 13 U OF 7= e hlEEE B 5 202 Sl Tu
%o

(b) Noncanonical NF-kB #&#:{b% &

Noncanonical NF-kB JEMEALRREE 13, IKKYFERFERIZIE ML 3 5K TH 5 (88),
Noncanonical NF-kB 03’(?%’@4[:?5% I, a7 7 YV — LIl X 5T pl00 225 p52
~DORESRZ5% T 5, F£7-. noncanonical NF-kB #%#& 13 canonical NF-kKB #% 1
S TNFa L& 7% —% L CIEMEIL S LD 2%t LT, lymphotoxin- (LT-B) L&
T =% LTHER LSS,

Q?@@

TNFR1 TNER2 LTBR

N\

canonical NF-kB noncanonical NF-kB

O :lymphotoxina O :lymphotoxinf3

Fig. 10 Components dependent receptor recognition and signal activation
by lymphotoxin homo or heterotrimers.

~

\

Lymphotoxin (% 1968 GEIZiEME(L U L NERNEA T A MIEERF & L CER
S, lymphotoxin (213 lymphotoxin a & lymphotoxin B0 2 f& 3 TEE T % (94), LT-B
L7 2 —p Y Jr Rik, Z o 2FEE O lymphotoxin @ homo- & 7213 heterotrimer
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IZE o THEREINTWT, LTos, LTafs. LTaBid V7 2= FfEFEL., LTa
Xk hTIX 205, ~ 7 ATl 202 fHOT 2 B SR S5 oy F&25 kDa
DE NI ETHD, —F, LTRITE FTiX 244, ~T7 A TIL 306 DT X /
B OIS ND X X ETH D, F7-. canonical, noncanonical NF-kB #%
ZHIET 5 L' 7 X —|Z1X TNF L& 7 % —1(TNFR1). 2(TNFR2) & lymphotoxin 3
Lt 7% —(LT-BR)D 3 ONBFET H Z L RNH LI, EEho L& 7 % —IXFig.
10 (TR L= & 9 72y 7 IUREIC & - T NFkB OFEMALE1T 5 (94), £ LT,
Z @ lymphotoxin a & lymphotoxin 22572 57 == MMIFig. 101Z/R L7 &L 9
(2. LToald TNFRL 2, LTogB2 1% LT-BRIC. LTaB.iE TNFR2 (IZfEE T 5,

CD40

0©
TRAF3 degraddion o0 00

> 009
' R TRAF3
e %O \_/
i O
NIK degradatloq‘_ Oooo o K482 % F ot
NIK
. - p100 procession .
K48 E%F ik -
NIK gabilization
Stable cell Activating cell

Fig. 11 Regulation of NIK stabilization by clIAP1/clAP2/TRAF2/TRAF3
complexes via K48 polyubiqutination.

2001 A2, Shao-Cong Sun 52X - T, pl00 D p52 ~D 7 ut v 7z
WTC, NIK OFBNEE LT\ D 2 ERHALIZSINTZ(95), NIK i MAPKK
& FRIRIME 2 #F> kinase domain 28 L CTH D . NIK ZiBRIFEH S 7= ke 2
T, pl00 76 pS2 ~D 7 at v v T ORRIZ, IKKaODFEENVLETHD Z &N
W5 I NT2(96), Z 2 X - T noncanonical NF-kB #%#& (2330 C IKKa7s NIK &
THICHEE L, NIK 12K % plo0 U U E(bA plo0 D7 ut v v 7 2k
HZEDBRINTZ(97), S HIZ, 2008 4, noncanonical NF-kB OiEMH{EAS Fig. 11
IR L72 X 912, clAPY2, TRAF2/3 12X % NIK O = &% F 2 A1kIZ X - THilfE =
NTWD Z &R E 1, noncanonical NF-kB D IEMHEALIEE DRFZE N K& < AT
(98, 99), —EXF ALIZITERA RFEENH Y, =X F AL F =L o
T, 22X TF AL 7 DZDBROZEIIZENT D, PTH KB ORY 2t
XTF AT H VR BRI~ 2 X T AL F VXY FEE T 5(100), —
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L BEIR D LUBAC IZ L A EER O X F AT e F b ¥ LR B IHE
EEEBIEEZTOART, XX 7 EITFHEE L7\, noncanonical NF-kB
DIEHAEIZIE NIK OIEHAE S METH 508, NIK [TEFIRETIX Fig. 100 &L 5
IZ clAPL/CIAP2ITRAFZTRARR HEKIZ L - T KA R Y v F b azlf, 7
RTT Y =AML o TSN TS, CDAOL 7R EDYA A VR AT
% &, ClIAPUCIAP2ITRAF2ZTRARS AKX TRAF 2/ L CLtEFZ —IZU 7 b
—h&n3, LT X2V 7 — k ENT- cdlAPUCIAP2TRAF2ITRAF3 &K
D TRAF3 728 ClAPY2 IZX» T K48 RV v F bz ZIF 5 X 5270,
TRARR D7 a7 7 Y — AL LD ENFHEE SN D, clAPUCIAP2TRAF2TRAFR3
BEMKE NIK i TRAF3 24 L CH AT D72, TRAF3 &%k - -
CIAPYCIAP2TRARZ EERIZ NIK IZFER TE <20 | fHR L LTNIK (X K48
R 2EexF b3z NIK " L2ENT 5, ZENH LT NIK 1T IKKa
@ homodimer % &ML L. T ¥ @ noncanonical NF-kB #&# Z &AL 3 5 (98, 99),
noncanonical NF-kB 13 B B R BICEE TR E L THOLILTWVD N, &
W TEH—HMOALBIIENTHLESEI~OFENHRE S, NIK B2 3T
74 7 IRl A2 =TTV D b E & 72(101),

2.3 Nuclear-cytoplasmic shuttling system 2 & 5 NF-kB DO iE#:{LiE

NF-kB DIEMAGHITEN W TR RTE & Ml ERTEOHIEIIEFICEETH D,
B Tl NF-kKB DN OB 13 importin family % > 7327 B2 X - THIE &
ATV 5(102), importin (£ NLS 23] 0 TH 5 10 FRICFE S, ERHZ v
/X7 G D NLS 3k % importin-a &~ D8k 21T 5 importin-B23d 2 Z & 23
WA X 472(103-107), importin-a (X 7 /L~ ¥ 1€ F— 7 (Armadillo motif; ARM
motif) & FEEN 2 BUKMET 2 BRICE ATZMEEZ . IKB family % X7 E D
IRIZ F o CMARBEMICREICHTZT AT =) P UCEATET X BEERS
O NLS Z38i# L TR a9 %,

Table 2 Affinity of importin-a with Rel family proteins.

al|a3|lad4|ad5|a6| a7

p65 ORNORNG) O
RelB| O Ol0 @)
c-Rel OlO0[0O]|0
p50 ORNORNORNORNG)
p52 | O O[O 1O (O] O




Importin-alZ Z AU E TlZal, a3, o4, o5, 06, a7 O 6 FEENHREIN TV D,
NF-kB |2 importin-a3f& &3 5 & importin-a® N KE[IZ& % importin-B binding
domain (IBB)(Z importin—-p3 &4 L . NF-KB I XA 7> 5 B~ & #iik S 5 (108),
AT DAFFEIZ X - T, importin-a2’ NF-kB @ NLS % 38i#%9 2B, Table 2 127~ L
72 £ 91T dimer DIERRA FHREEMENH D Z & VA S 72(109), F 7=, RelB/p52
26705 NF-kB @ RelB D NLS Z#8E < ¥ 72 < 45 & RelB/p52 3%~ & AT
TERLRDDIZK L, ps2 fld NLS Z#8E =72 < L TH RelB/p52 13~
TCEXDHZENMESINTNDS, ZDZ b, RaB/p52 @ dimer DT
RelB ™ NLS 23|l L T 5 Z & 23R 4172 (109), — 5, p65/p52 7> & 72 % NF-KB
THREBEOBBEINITHIL, p52 D NLS 78 p65/p52 726 72 5 NF-KB DT % il
42 2 LML E 72 - 72(109, 110),

NF-kB OfZAFEHIZIE CRM1 KIFRI 2R 3 e b K < E BT 5 (111),
CRM1 /% exportin-1 & &M X, BRERTENENICERET L &, BABITY Y
=L (nuclear export signal; NES)Z 28k L Ths & L. =R X L /80 B Ao~ &
KT DHH R IETH D, Canonical NF-kB D/ M2 1T IkBos BB 22 5% E %
F727, IKBald NF-kKB OIEMALOMBFE TRIR D K 5 1T 51T D A3, 3
ICHEMEN D, IKBAZIX NLSIFHFIE LRV, REED X X7 E LFEET
HIETEANERBITT D Z ERME SN TVWDH(112), ~EIT LT IKBalk
canonical NF-kB L #5A L. DNA fEGEE%# Kb, NF-kB/IKBafE & &iL CRM1
IZ X 5 TIkBad NES3#5% S U 250~ & HEH S 415, — 7 . noncanonical NF-kB
X, IkKBa & OFFMENFF =, noncanonical NF-kB OZ/MEHIZ 1T 5 IKBa
D NES DF 513V 702 EnfRE ST 5 (113),

F 72 . CRM1LAMZ & NF-KB DZANFEH 21T 5 & L X7 EREE STV D,
B 21X, 14-3-3 1% IKBa/p6s EAKIZHE A L, BAMEHEZITO Z & n#lE ST
W5 (114), ENZAREE L TOMKEEZHE L, BRFICE W TEE &S 25
PPARYyIZ p65 @ CRM1 FEMETFRY 72 BEHH 247\ . NF-KB |2/ %, p65 & heterodimer
IR % CIEBPROIEME L & #1194 (115, 116), IKBalZ k% NF-KkB D%k
HIX.NF-KB BT B F L &35 & IKBas fEAH SRR L 2 5 -0fl & 5,
ZHNET, —EHOFEMAE & CHEERICHEME L TV % canonica NF-kB D&M
{LHIE ORI T RAZIA T o 7228, NFKkB LA CTEER T 7T IVRERE &
LTHEIBND STAT3 A, N TNFKB RN T 2 FfbEans 2 L 2R L, 5%
H72 NF-kB OJEMHFIEI 21T 5 2 & Bl E S 7-(117),
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2.4 Canonical-noncanonical NF-kB {& /bR D EVEH

BT, canonical NF-kB #%# & noncanonical NF-kB f&#& I AV 7 B A h—7
L. noncanonica NF-kB DiEM:ALA3 canonica NF-kB OiEMAL A #4520 7. &
BHNTWVWAH(118), T FE TIZ, IKKaz KIE S H7=~ U A TIIRIERZ M HETH
T 52 EMH|EIN TN, £ OWBBIIRMEH TH - 72(119),

Fi L7= & 912, noncanonical NF-kB 23 E 1AL~ 2 BRIZIE IKKaDiE AL A &
A CTd 5, Noula Shembade &1, IKKa7Y TAX1BP1 (Tax1 binding protein 1) & I
o585 Y Vb T 52 AR L, TAXIBPL (% human T-cell
leukemia virus type-1 (HTLV-1D)HEED ¥ L X7 ETH D Tax-1 IZFEET 5 # v X
7 & & LT yeast 2 hybrid (Y2H){E CRIE S 4172(120), TAX1BPL %V Bk S
LEavrxF ) T—8 A20 EEEEREZTEA L. A20 D3 B F A5 Z 5
HILBE0RGZ 78 E L T#EET 5, Fig 12D X 912, A20 /X canonical
NF-kB MEHEIL SN O BRIC2 X F oAb d # /X7 E Th 5 TRAF6 % il
B F b L. NF-kB OiEMAL Z [LES 5 (121),

VL b X 5728575, canonica & noncanonical NF-kB J&EMALRREEIZE V%
mHEIL., EB o0 —HERANTTEEL LICREBIZE L O TIER W EEZ D
b, %Rk 255, A T MAEA M7 Adult T-cell leukemia, ATL)HEAE CIX
noncanonical NF-kB 723 E# BIIZ 58 < IEMHEAL L Ty % 23, canonical NF-kB D& AL
TR LN, ATL X, BERIBODEREREE THH 720, 2RARIRE
EOFEPRKDHILTND,

Tax1IZ&kBIKKa®D
TAX1BP1D') > &AL %I IL1R IL1R
X @ O ‘
TAX1BP UB D
/\{\ (PXP /\
& TAX1BP @
v v
noncanonical NFkB canonical NFKB noncanonical NFkKB
activation activation activation
| Tax-1 positive cell | Tax-1 negative cell

Fig. 12 Regulation of canonical and noncanonical NF-kB activation by
Tax1 and TAX1BP1.
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3. R T #fa A My (adult T-cell leukemia; ATL)

ATLIZV ha A )V AD—FETH 5 human T-cell leukemiavirus type-1(HTLV-1)
DERIZ L > TEIER I SNDTFEHARABRDO Y U NRIEE TH 5 (122, 123), ATL
3D THEMEE D G < | BEFOZ < OFUEANI L TIRFUEEZRT, 2070,
—ERIET D EBREIT1FERE CRTT D,

3.1 Human T-cell leukemiavirustype-1 (HTLV-1)

ATL DJEE T A VA TEH 25 HTLV-1 13 CDA' D T MEIRAICRYE L, £ DK
PRI Z N LI RN E R — R &7 o T, HTLV-1 %+ Y
TIEH R T 1,000~2,000 5 AWVD E XN TV DR, BARIZEW CEAE NI
HTLV-1 % v U 7083 % W e & HUIB(RTEMED & D D DN T d 5 (123), HTLV-1
1349 60 ORI 2 % THRIE L . AFFEHIH F JefE(Median Survival Time; MST)
ITK 13 » H TH 5(123), HTLV-1 1%, ATL LUIFMC & HTLV-1 B3 BE
(HTLV1-Associated Myelopathy; HAM)=X> HTLV-1 5 & 9 48 (HTLV-1 uveitis, HU)
DJFRRNZ 72 5 (123), HTLV-1 (3G ICERBERIER 7 CTh D Tax ZRBLIE 5
(124, 125), Tax ILV A v AH KO BIATDEERE 21T 5 & 312, BYMiE o
FERF D> 7 F MRER R BIEMHELT 5 2 & T ATL OEMALIZKE < FE5T 5,
ATL I3RIE F TICEWEBRIIB 2B 32525, HTLV-1ER%ZIC, #EE S S LD
BIEFREDBEEMICEZSZLICLoTATL ORIEICORNDL LEZHNT
W5(126), ATL O Z D X 5 B I%. ATL OJRFEARA 1N % B PR 3 BRI D fif
HHICHRESEBRTEX D Z L 2EMIT TN D,

3.2 Tax

LR A VA HTLV-1 (37 A VA DEEBER T2 T A VA DERE
CEEL 2D Tax ¥ Rex Bfa 62— FLTW5H(127), Tax 17 A VA &R
FOEBIEMHLEF TH Y . Rex [THEEGZIZ RNA LV TH N7 BT A
HTHREHRFTH D, Flo. Tax & RX L2 A T T A > TR DR S %
HLTWA, TANAARERET S &, tax & rex DNBIRAICKBLT 5, FNIC
ZRELIE T IV A NV ABLGFORBEEAERE L)L THEIE L, £, Rex
BRI ERIENICERET D, 0, Tax IXEEMIEAN O 723 7 Vi
R 2 IEMAL L, FERAYIC, Fig. 131278 L= X 9 72 polyclonal 72 Euimia o H#E5E
AHES D, ERELT R X U NI EIT U AV AHFKDO mRNA & BIRAY 2585
LTCATIA T 7TORIEZITH Z LT 2EBIRAT T A4 2 T2 & - THELH
HA2=ZT 5 Tax 3L Rex OFRBAZMEIT 5, —FH, Rex 1%, VAL ADKEE
BETFCLEIORT A ThEZTDH eWwSRAT T4 20 7 %2%ZF720 gag,
pro, pol, ® mMRNA ZHMxE, EEFMENL VA VA ZRTSE5, YLD
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£ BEEIZ KXo T, REIT Tax DOIEHIT Rex 12 K- THIf| S 41, Rex DFEL
H Rex BHIZK > THHIEND L 212725, D72, Fig. 13D L 512, HTLV-1
DOIFRIEGEA T, Tax & Rex & HIZHBEBOFHVIREEIZ 2V | BYLMiaN T
AINVADHEEBEFNIEE AR L TR VARRE(E IR R E)ICE 5 (128,
129).

Tax-1 expression

CD4* T-cell
R r—— —_—> _—
Polyclonal immune control O progression
proliferation of host cell and CTL
HTLV-1R
Tax-1 negative
THER
Tax-1IZ& 2L DT HmE ATL
R DEMALIZ&Spolyclonal BRERN
TR D IBTE
MT-2, MT-4 MT-1, TLOm1

Fig. 13 Schematic representative of the natural course from HTLV-1
infection to the monoclonal ATL.

HTLV-1 7237 A L A BAG T 2 52 E EMIENICEE Lt 5 2 &%, &
Yuifn 238 EREISE ZRET 5 Z L 2 FRRICT 5, Fo, Tax ORELIHI S
TREEIZ e D Z & 1F, Tax BB AAER & 35 CTL IZ X W EZEEET 5 Z
EAFRBIZ L, RYSHIR O AFFIC KR E S HEEL TV A (130), £/, Taxid, BE
RN O > T T ARERIC O ELY 5 2| IL-2 (KTEHI72 CDA™O T Hikaic IL-2
FEMC A TENE 2 815 S ¥ TR 2 FE 4 5 (131),

Tax IZ X > TIEHILS L, ATL OFRIEICEGT 53 7 T EERK E LT,
NF-kB 23 FEH IZ EE & E| & B7-97(132), Tax 1T IKKYIZEEERE S L T IKKalply
BEKAEZEM(L S % Z & T, canonical NF-kB & canonical NF-kB |2 & - T
X315 noncanonical NF-kB # &Mk X 5(133), LirL., Bl L7=X 91T, Tax
1% HTLV-1 DG D 2 fE FERIAICAEE L, IREIZEOFRBUTHAD L T <,
Z OFEF IKKyDIE ML 23382 L, canonicd NF-kB OJE AL X80 < 4,
noncanonical NF-kB @ Z 23 &I A2 TEPE(L L 72 R REICE 5 (134),

HTLV-1 LB L ~L T 70%DOFEFEMEEZEF T 5L e A /LA L LT HTLV-2
DEN SN TWD DY, HTLV-2 IE canonical NF-kB D& Z &ML 325 Z & s &
AU TN (135), HTLV-1, HTLV-2 23 Z 1L UG I R L S & 5 Tax-1 & Tax-2
X7 2 B L~V 70%LL EOARFEMEZH LTV D03, HTLV-2 BEEE 1B\ T
ATL [ 338E L72VM(136), 2D Z & vh, ATL OFEIEIZIE noncanonical NF-kB @
EMEALDMETH D EEZ B, ATL {5123 T noncanonical NF-kB % 12/
ETHZLITFERITHRNTH S,
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4. NF-kB FHEH
4.1 NF-kB PALEHAI(-)-DHMEQ

Fig. 14 TR L7 & 9 2y FHEZ O (-)-DHMEQ IE5H W HEES 2 F T 5
epoxyquinomycin C O'F# % H\ Y HFFEE T 17 A o S 7= #HH epoxydone
&M TH 5,

epoxyquinomycin C panepoxydone

(+)-DHMEQ (-)-DHMEQ

Fig. 14 Structure of epoxyquinomycin C, cycloepoxydon, panepoxydone,
(+)-DHMEQ and (-)-DHMEQ.

epoxyquinomycin A & B | 1996 £4E1Z Amycolatopsis |2 &3 5 ERR DREETR ) 5 55
WHIETIEEZ BT 528 & L CHEBES AL, RUVVT. epoxyquinomycinA & B DfF
fLE R CHE &M O epoxyquinomycin C & D 2 HEE X 7= (137, 138),

gpoxyquinomycinC & D (Z i gpoxyquinomycin A, B @ X 9 ZeHiETE X 7R < L 100
ug/ml (2B W T bR T8I S e > 72, epoxyquinomycin A, B, C. D
&iﬁvv’“w%%%%:ﬁﬁ“é: EMBEAT N aT7—=F UL VR ENDL~ Y
ZDREERET NV E AN TOMRIEMEA OB ITHON, TORER, 4 DO
epoxyquinomycin (32 TIEHAE THMRIEEH 2R~ Z L 035022 72(138), £ D%,
panepoxydone(139)<° cycloepoxydon(140)7: & @ epoxydone ‘B & % A 3 /L&)
NF-kB OFREEHZ T Z L BME I L. 2 b DLEMAS epoxyquinomycin C
EFELLOEEEH LT 2729, epoxyquinomycin C (2 ¢ NF-kB FRE/ER 3 #1745
SN7=03, epoxyquinomycin C 1 NF-kB Z#fHE L7eo 7, Ll BIFREEIC
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FU T, epoxyquinomycin % panepoxydone <> cyclogpoxydon D& (2T 5 72
DIZBEALDE Ra v A FVEERE LAY DHMEQ N1 T A &Rk
Sz, TOFER, ()-DHMEQ 1%, ¥~V 2D a T —F UHRBHikET LICE
VT epoxyquinomycin 25 8 0 & 5ROWHLRIE/EH 27~ L 72(141),

F7-. DHMEQ IZIX(-) R, (H)ENFIEL, (-)-DHMEQ I&(+)-DHMEQ @ 10 f#
DIEEZ S-S &b STV 5(142), BAFEEIZEB VT, (-)-DHMEQ 73 p65
D 38Cys Bk L CHAMEEST D Z LR ENT=(143), £7-. (-)-DHMEQ ¥
DTRF VEREEZH T 5 NF-kB DFEEHIIT NF-KB OAERLE FX° IKK DFF R
Cys ZHERI L T2 Z L RHE ST\ 5,

HO

)

epoxyquinol A
monomer

epoxyquinol A epoxyquinol B

Fig. 15 Structure of the NF-kB inhibitors which target specific Cys residue
of NF-kB or IKK component.

Fig. 15 {27~ L 7= parthenolide |Z p65 > 38Cys (2 & L p65 > DNA & # [HEJ
% Z & THEBERIC canonical NF-kB ZHET 5 D2, IKKBD 179Cys IZfE &
L CEEREEZET S 2 & CHENIZY canonical NF-KB O] #h 2 =
(144-146), epoxyquinol A & epoxyquinol B IZEEHEY L v BHEEE R S -1k
EW¥CTh 5 (147, 148), epoxyquinol A, B 32, TNF-aiZ L5 NF-kB D&%
I35 (149,150),  epoxyquinol A DIER Sy F I KARA TH 5 A3, epoxyquinol B
1% TAKL 242y & U #REBAE 21T 9 Z & T, NFkB DI b 2 BHE 5 % (150).

—7J7. epoxyquinol A D&% ¢ & IZA K S 4172 epoxyquinol A monomer | p65 @
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38Cys & IKKB®D 179Cys IZfEE L NF-kB DIEMALZHET 5 Z L b #iE SN T
V5 (151-154),

Prostate Breast Pancreatic Adult T cell

Bladder carcinoma carcinoma carcinoma leukemia Hodgkin

carcinoma ‘ ‘ ‘ }Iymphoma
Thyroid Multiple
carcinoma myeloma
Glomerulo AIDS-related
nephritis  [r— DI I I\/I I Q lymphoma

Graft rejection j— = Uveoretinitis

Atopic .
dermatitis  |F— — Atherosclerosis

N g :Z J— J— J— Diabetic retinal
Ischemia-induce i i
or o Rheumatoid Kidney Cancer inflammation

gan injury " ) . .

arthritis inflammation cachexia 6

Fig. 16 Anti-inflammatory and anticancer effect of DHMEQ in animal
experiments. (inflammation; blue and cancer; red)

(-)-DHMEQ % NF-KB (Z%f L CTHREEB D58 S 72 L ESN R A2 19721 T/ < [ Fig.
16 \TRLTZE 9IS, ZLS ORIERLEET MCBWTELEZ RS, BRI R%E
NI EDEHE STV 5 (1655-164),

23



4.2 NF-kB FHZ#] 9-methylstreptimione FE# & DTCM-glutarimide
9-methylstreptimidone (% NF-kB BEE A & L T Streptomyces L ¥ BLEfE X 4172 (165),
INETIE, A VIV PFREBIOI VOO~ T AR L, A X
— 7z VERBAIEDLLET UANVREREZ DI LD T 5 (166,
167), = 52, UME=EICE VT, 9-methylstreptimidone (X~ 7 A~ 27 17 7 —
UERBIERE RAW264.7 HEfEIZ BV T, LPSIZ L - THFE S5 INOS 38 L TUVNO
FEEAZIHIT 2 2 & T M AR Jurkat AR IZ I MMARSE 2 358197, ATL fifz
ThDH MT-LARISEIREIC T A N —V A Z3FE T 5 2 & & Si7-(165), L
7>L. 9-methylstreptimidone (3K 6 DINEN D72, AR bRETH 727
O, FHEERFANBITOI, RAW264.7 #ifdi2351T 5 LPSIZFFE S 115 NO ZEAM
fmE L LT, Fg 17 IR LTCEEE R TR ERY U bEawy,
3-[(dodecylthiocarbonyl)methyl] glutarimide (DTCM-glutarimide) 2315 & 4172 (168),

Molecular design @) NH

C12H25S @)

Fig. 17 Molecular design of DTCM-glutarimide.

DTCM-glutarimide & RAW264.7 #IIEIZ VT, LPSIZ XL » TRFE &5 NO B
AHEAET D L, LPSERMAE T c-dun, c-Fos DEBITEILET 52 L %
AL, 61T, BEEICBWT, v U A AT ) —~<iffifd B16F10 |2 2 5HKTF
7R = ATHD anoikis #iFET 5 Z L HERSNTWD, E£7-. invivodD
ERE LT, IREY VEKEILZIGIT 5 2 &0, v 7V ALBHEET LITEN
T, CD4 %7213 CD8 ™ T HEfaghn 28/ <&, BAEHEMSUR 2 #l L graft 4=
FEENzEDZEbnahi,
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5. AEDER

NF-KB |ZRIEMHE B DO EMELICKE S FELTWD, LA > T, NF-kB
EIHETDHZ L3, INOHEEDREICE > CHERBICEHATHS, £72. NFKB
D FrHLH RS O FEITIE NF-kB 12 L 2 RAE MR B0 O B L O O fig B 12
DRNDHTD, RIEMEBBEOREIIKRELSERTHILOTHLEEZ LN
%o T, T T A > &7 NF-kB [LER| O L EMIEARA 238 L T, NF-kB
DOFHFEEEORAZ B & L, AR EITo 7=,
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1=
(-)-DHMEQ (Z & % noncanonical NF-kB i& (b ~D 2 b

TRHI )+ DT






1 Fam

Introduction 4 il /R L72 KL 512(-)-DHMEQ & kg, =ARFVEAZEFT S
NF-kB [EHIZ NF-kB # K E ¥ p65 ® 38Cys % IKKBD 179Cys %= &+
% 75, noncanonical NF-kB OiEM(LIT IKKalZ L » THEMHIES N D728,
parthenolides> epoxyquinoB& i noncanonical NFB (5 L Il Zh B idmt 72
WEEBZXLND,

p65(Reld) KQRGVRFRYKCEGRSAGSI PG
RelB KQRGVRFRYECEGRSAGSI LG
c-Rel RORGVRFRYKCEGRSAGSI PG
ps0 KQRGFRFRYVCEGPSHGAE. PG
p52 KQRGFRFRYGCEGPSHGGEL PG

rkkk - kkkk kkk Xk k. *

p65: Cys38, RelB: Cysl44, c-Rel: Cys27 p50: Cys62, p52: Cys57

Fig. 18 Sequence homology of Rel family proteins. Sequence homology was
analyzed by ClustalW. * means conserving amino-acid sequence completely in
all proteins, : highly, . moderately, blank means having no homology.

(-)-DHMEQ % p65 ® 38CysiZ iz, p65 & [FARIZ canonical NFkB D&% KT
&% p50? 62Cys c-Rel D 27CysiZ bifEa L. DNA S ZHET 5 Z L BHE
N 72(143), 5 32D Cysid Rel homology domaimyiZ/77E L. DNA f&&
WIZEHS>TEETHD, b2, fHEMELZF D Cyslid Fig. 18I r L7k 91iceT
® Rel family (2B W THREFEINL TV S,

RAFZE T, (-)-DHMEQ 7% noncanonical N&B DiEMHAVIZ 5 2 2 B O st
ZAT\V, (-)-DHMEQ DIREHI 7+ DT 21T - T,
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E2Hi EBRFE
2.1 Materials

(1) A

Dehydroxymethlepoxyquinomycin; (-)-DHMEQ
WHFFEEIC CTE A, DMSOIZT 10 mg/mITEfE L, -20C THRAF L 7=, EH
BFZ. MeOH £ 721X DMSOIZ L » THIR L 7=,

(2) Vector
pCMV-Tag-2B

Stratagene (Santa Clara, CA, USA) & A

pPpGEX-6P-1  GE Healthcare (Little Chalfont, Buckingiehire, England) v i A

(3) KIGEE#E
E.coli HB101 competent cell
E.coli BL21 competent cells

E.coli Rosetta-gamiB competent cells

(4) Hik

MouseH 41 FLAG (M2)Hi ik
MouseH 34t Tubulin (B-5-1-251{4&
Rabbit 5 3£t RelB (C1E4JLIK
RabbitF 34t p100/p52(18D1G)i {4
HRP 3 mouse IgGhL {4

HRP 123 rabbit IgGHL&

(5) HkakK
t kB SEE SR HeLafi iz

Promega (Madidtih, USA) L v BEA
Promedab A
Novagen (dalj W1, USA)L v A

Sigma(St. Louis, MO, USA): v H A
Sigmak v i A

CST (Beverly, MA, USA): v B A
CSTXL VA

GE Healthcarek v B A

GE Healthcarek v B A

Riken Cell Bank) v f# A
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2.2 Cell culture
[buffer #HAR]
® C&' Mg*™ =&V EkEE K (PBS)

8.0 g/l NacCl
0.2 g/l KCI
0.916 g/l NaHPQO,
0.2 g/l KH,PO,

® Trypsin-EDTAANR

8.0 g/l NacCl

0.4 g/l KCI
0.0475 g/l NaHPO,
1.0 g/l glucose
0.002% (w/v) phenol red
0.035% (w/v) NaHC®@
0.002% (w/v) EDTA

FEROREEZREAKITEN L, pH % 8.012F b 7=1I(Z trypsin & 0.075%Z 72 5
Loz,

Hela Hifd D35

AR & L Cld. 10%D calf serum (CS, JRH Biosciences, Inc. Lenexa, Kgjasa
200 pg/ml kanamycin, 100 units/ml penicillin G, 6@8/ml L-glutamine, and 2.25 g/l
NaHCQ; Z & te Z /L ad8ikA — 7 LEsH (DMEM, Nissui, Tokyo, Japan) f
Wz, FREIE 37°C. 5% COSRMHETDOA o Fa_X—X—NTHEL, 2~3HLUN
\Z—[E], FEIARR L2 35 2 LI Ko TR L 72, Z OO AT, £7°,
Bz FRZEL, 5mlod PBST 2 [EPES L721%. 2 mld trypsin-EDTARIR % %
T37°CTEminAg »FaxX—h L7k, MlaNErsnzl a7 7 2azi<
DT HZT LIZL > THEFR L., 8 mlDOFT LWEEEIRZ N % T trypsin z2 20E S+,
BB I LW A AN 7 7 2 2 ICHIaBIR 2 220 20~40% 5
Tl oTT o,
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2.3 total & v 237 B DO
[buffer KAER]
® Lysis buffer (RIPA buffer)

25 mM Tris-HCI (pH 7.6)

150 mM NacCl

1 mM EDTA

0.1% (w/v) SDS

1% (v/v) NP-40

1% (w/v) sodium deoxycholate

1 mM PMSF*

0.3 uM aprotinin*

* RN

6xSDS loading buffer (100 nfH)

350 mM Tris-HCI pH 6.8

36% (v/v) glycerol

12 mg bromophenol blue

6% (W/v) SDS

5 mi 2-mercaptoethanol

i % 37°C D 5% CQ T DA v F 2 _X— % —PHN T 70% ~80% confluent”
75 ETHE L, AR E 21T %, BEHiZBRE L, Mg 750 ulo PBS
T 2EFEE%, TR A ERAWTHEEZHNLTLE m~A 27 a7 A
FFa2—7ZER Lz, £D%., 3,500 romTiELIEE L C EELZRETLHZ &
THifa~1v v h&&ET,

B OIS L v MZ lysis bufferz iz CTHilR% 10 B SRR L. 5
s onice TH#E L7-, O 10 M EEE RN L ClaoRE k21T 72, %
DF% . 14,000 rpmT 10 4rfiliz 00k L, _EiE % total cell lysate: L T~ 1 27 o7
A NFa—AWZER LT, ZORiETOZ N BB E % Bradford 35541k
IZ XV HEIE L. % sampleD & % lysis buffer Tl x. 7=, 6xsample buffer il z .
98°CHOt— 7y 7 C545MERT D & TEMLEAZITV, total ¥ /37
&% H FH o Western blotting samplé L 7=,
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2.4 BNZ 37 B
[buffer KAER]

® Buffer A
10 mM HEPES-KOH (pH 7.9)
10 mM KCI
1.5mM MgCb
0.5 mM DTT*
0.2 mM PMSF*
* BRI
® Buffer C
20 mM HEPES-KOH (pH 7.9)
25% glycerol
420 mM NacCl
1.5mM MgCh
0.2 mM EDTA
0.5 mM DTT*
0.2 mM PMSF*
* BN AN

FEMTIZ FH N 2 i 2 70% ~80% confluent= 72 %5 & T 37°C ® 5% CQ 54 T D
AU FaX—F—NTHEL, EHZHRMT 570 LTERICHNW, HBitx
frEL. Mg 750 ploo PBST2[EIBEF L, 7 /3—KR U A~ 2 AW THlax
HAL, 15ml~vA 7 a7 A NFa—7ZEI%, 3,500 rpm Tz LikkE LTk
BaRETLHZ L THilaXLYy F&&ET,

EMSA [Z AW A EHHEY X Andrews. Faller 5 D 5EOFESE ITFTD X I
TR L 72(169, 170) 3, Mia~<L v MZxt LT, JKH T 400 puld buffer A %
MxTERT 4 72 K> TlilaZ1Z< LT 155K RICERE L7, £ D,
500xgC 5 fEE. OrbE L. EiE&ABRE Lot. B 400 plo buffer A 2z <
AR Ly REENR X v BT THlfaX L v k% buffer F1I28RE L T
153K EICERE L=, 150f0Etk, 500xgC 5 ofim ik L, EiE &k
L. XLy b&EEE, 2Oy L MIE LT, 30~50 plo> buffer CEhN %
TRV FEFENR, Xy B TIZL > TV v k% buffer F12 %% L T
203K RICEE LT, Z O, ¥ 7 EOMENERAE BIF 57201254
BEICH v 7 Lz, 205588, 14,000 rpmT 5 5fEE Lk L., EiEE
LA 7T A NFa—T7ZBWN L, EHMEMmEER, BB oORE %~
Bradford .= & A 1EIC L D BIE L, IRE % buffer C THix TEBRICHW,
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2.5 Western blotting
[buffer KAER]
® Solution 1 (40% acrylamide)

39% (wi/v)
1% (w/v)
20% (v/v)

Solution 2
25 M
0.4% (wi/v)

Solution B
1M

Solution C (30% acrylamide)
30% (w/v)
0.8% (wi/v)

Solution D
10% (w/v)

Running buffer
0.5 mM
192 mM

Transfer buffer
25 mM
192 mM
20% (v/v)

TBS-Tween
2.4 gl
8.0 g/l
0.1% (v/v)

acrylamide
N, N’-methylenebisacrylamide
glycerol

Tris-HCI (pH 8.8)
SDS

Tris-HCI (pH6.8)

acrylamide
N, N’-methylenebisacrylamide

SDS

Tris
glycine

Tris
glycine
MeOH

Tris-HCI (pH 7.6)
NacCl
Tween-20
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FPT AR —(EDOI=RT T HFNKEA T T AR (AR A F—, Tokyo,
Japan 7 7nr ANy (HR=A F—) Ty F 7L, UhARII =X 7
TTNKEHAT T AR (AR=A F—) 2TV 7 TEHELL, 205
JLRR D ENZ 10% polyacrylamide gel (4 mis 4 7K; 2 ml solution1; 2 ml solution 2; 2
mg APS; 5 ul TEMED} it LiAZx, RIE DAL B To OIZZK K Z it LIAB T
BEEH LT, TANEFE -T2 bEEKREET, X—=/_—FF NV TKG%E+5
WZHLY B . _EJ/E (0.65 ml solution B; 0.85 ml solution C, 0.05 mlg@n D; 3.45 ml
ZZHE7K; 2 mg APS; 10 ul TEMED % it LiAZ&, sampleftiZic U7 7 ey a—
LaZLIANTE, TIUWBEE -T2, a—bL>A T v T -7 U v 7T OIRICSH
L. TFIZ running bufferz A7 X = A7 7 7 VHOIKEEIZ V227 U v
THEE L. EBIZY running bufferz Aiviz, ~( 27l ) o PEHWTY =)L
P LT, VoI5l FE~Y—H—& Llanedh 72 10~20 ugh &
NI VKBNS ND K D2 samplex 7 77 A4 LTH IV 1AHETZD 23 mAD EED
TEENZIT o7,

BRKEE TR, 7 VZEILL, &5 UH MeOH IR L Tk LI
transfer bufferc 30 4 LA EIR & 9 L 7= PVDF & (GE Healthcardl 200 mA T 1
REfEERE L7z, BB T 1%, PVDFIE% 5% skim milk % & &> TBS-Tween (TBST)
TI0HERE S LTI Ry R T ETole, £D%, BHT DX X7 EOH
o TROLE, WERHE TGS Yz, £D%, 545 2L IZAEH6E TBST T
PVDF 4 % L C, TBSTIC X D2EEENR KDL= HIC LIRFUKICRHET 2 2
KHUE% Table 3D R THRIC STz, FUR-FUERIEHE, 555 2L IZTBST T
PVDFJE% PEV ECLIEIZ K » THf &8 RX-U 7 1 /L A (Fuiji film, Tokyo, Japan)
RS E TR AT T2,

Table 3 Conditions for antibody-antigen reaction

species e 1st antibody A 2nd antibody A

iNOS | mouse-monoclondl  Sigma| F3165| 1:1000 in 5% mik [ 4°C overnighit 1:5000 in 3% mjk =£iE 1 h
RelB rabbit-polyclonal CST #4922  1:1000in 5% mik 4°C ovgith] 1:5000 in 3% mik| =7 1 h

p52 rabbit-polyclonal | Santa Crjiz sc-7386 1:1000 in 5% mik°C overnighf 1:5000 in 3% mik =578 1 h

a-tubulin | mouse-monoclongl Sigma T9036 1:10000 in 5% vlnilk =R 1h 15000iN3% mid =275 1 h
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2.6 Electrophoretic mobility shift assay (EMSA)

[buffer KAER]

® TE buffer
10 mM Tris-HCI (pH 8.0)
1 mM EDTA
® 5xbinding buffer
375 mM NaCl
75 mM Tris-HCI (pH 7.0)
7.5 mM EDTA
37.5% (v/v) glycerol
1.5% (v/v) NP-40
1.25 mg/ml BSA
0.5 mM DTT*
* BRI
® 10xTBE buffer (500 ml%y)
09 M Tris
27.5¢ boric acid
20 mM EDTA
® Acrylamide
30% (v/v) acrylamide

2% (vIv)

N, N’-methylenebisacrylamide

(1) *P-labeled probed fEfl

8 ul® 1.75 pmol/ul NF<B oligonucleotide (Promega, Madison, MA, USA4 ul
® 10xT4 PNK buffer 20 pl @ nucleotide free waterz g, X512 4 pul @
[y->?P]-adenosine &riphosphate (GE Healthcate}d pl @ T4PNK (Takara, Shiga,
Japank iz, 37°C T 154 A > % =2X— h %, 60ul @ TE bufferZ iz T
JREfElE Sz, ZAEK 1 ml %2 3 ELH@ET I L CF# L L7 Nick column (GE
Healthcare)z 100 pld 7~ L4k L7z DNA &K% 51 7 LDBEIZ/RD R0 L H IS
LCHILRETZIA L, BTLDOFIZIE m~A 70T A NFa—T%2HE
L. M TFIEE D ETCHBIKOEIREIT 5T, 7 DT 774 LIeERIRN T
TFARNICAD  BEIMEIL LT Z E2ER LIS, TIZH LW IS mi~vA 71
TARNF2—T V7 F2—T7 %% LT 400 WDOEBKE DT BT 774
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L. HC&E/@K% fraction 1& LCEIN L7z, M FBNlEE-7cH, BT LDTF
WL~ A 7T A Fa—T72HEL, 512400 pIOEEKE T T LI
T7T7A4 L, HTEER%E fraction 2& LCEIIR L7-, i F2&boT2bh T
LDX Y v THAD A T—1 7 Z— THETHRTRE % a8 L, 5823 fraction
2>71 7 L>fraction 1DNBIZ72 > T\ D Z & ZRENDT-, Fraction 2% 1Ei# S 7=
7' —7" & LT Mini Poly-G*Vial (Beckman, California, CA, USAL 7 A F A T
(Perkin Elmer, Boston, MA, USAY 3 mlZ AiL, 2 WO o —7 %M THRLT
v 7 AT TELSEE LIRS, RIK o FL—ra By o7 —TCTHRETE
A RIE LT,

(2) Electrophoresis
VLT DR T L 7=k EhH sample 17 plc,  radiationd® 2% 3,000 cpm/ul
D7 u—7% Ipulizx, =R T 2045 HF#ET 5 Z & T binding KIS Z1T - 7,

5xbinding buffer 4 ul
didC (1pug/ul) 40 pl
EHit Y 5 ul
AREEK up to 17 pl

Z D%, 150 VOEEE T 1~1.58/ 7 L7 > L TEV /= 4% polyacrylamide gel
(6.7 mM acrylamide 1.25 ml 10xTBE 42 ml Z& 7K, 2 mg APS 50 ul TEMED) (Z
T7IA4 L, KN 1 RHEOKEIZIT o7z, KEIE TR, 7 vz Alicg L Trn
N7 A —"7 80°C, 1FFfIF 722, RX-U 7 1 /L A(Fuji film) 12RO S
ETHRHEZIT- 7,

(3) Transcription factor-DNA binding assay
IR LTe & 9 e C samplez #i%4 L | (-)-DHMEQ &//~% ¢ DMSO 1 pl
ZAMA T, 4°C T LEFEA o F a2 —F LT,

5xbinding buffer 4 ul
st 5ug
(-)-DHMEQ or DMSO 1 pl
AREEK up to 20 pl

1 FRRR%IE% ., 1 pg/ul poly-dI/dC% 1 ul iz, radiations& A3 3,000 cpm/pkZ 732
HEICHR LT v —T7% 3 pl ACTEIRT 20 pRFFET 5 2 & TkENA
samplel L C(QQDIED HFIEIZHE L CTIkE - MHEZIT -7,
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2.7 Vector construction_recombinant & > 237 B Di5#l
PLF O FIEIZHE > T pGEX-RelB(WT), pGEX-p52(WT)., pGEX-p65(WT),
PCMV-RelB(WT), pCMV-p52(WT)DVERL 1T - 7=,

[buffer #AAR]
® 10xloading dye

65% (W/v) sucrose

10 mM Tris-HCI (pH 6.8)
10 mM EDTA

0.3 % (w/v) bromophenol blue

® Sonication buffer

PBS
1pM DTT*
1% (v/v) protease inhibitor*

* BTSN

(1) Total RNA O

Total RNA D, cDNA 77— L OIERIIFRZEFEHAL, Fv 7, AE R E
& 8T RNase freeDBRIE TiT o 7=,

9. RNA fitH9 2l %2 60-ml dish (Corning, Corning, NY, USK) 70~80%
confluentiZ72 % % T 37°C,5% CQ D5t T TH:# L . 500 plo Trizol (Invitrogen,
Carlsbad, CA, USAY¥ Iz, dish LI CEHEThH6 15 mi~vA 78T A NFa
— 7 ANz, Z OEREZR 2 [E#R VIR LT 1 mld Trizol I8 % &7=, = ® Trizol
W% 2~3 8RB L=, 200 plor aadi Aziiz, 1565 HER THE L
7o, #EETZ. 4°C, 13,000xgT 1577 Lkl L, 1iF 400 plzhlo~ A 7 1
TARNF2—7ZB L, 400 uloA Y 7r ) — L aE Nz CTELIERELT10%
FIREICEE L=, £DO%, 4°C, 13,000xgT 10 Zy i Dbk L-kic Lg%
FrEL. EHIZ70%T ¥ / —/L 180 ul& iz, 3 <12 4°C, 7,500xgC 5 43 [z
DL T EEEZRE L, ZDO%EED DEPCKZ % T RNA Z VAR S+,
Z D RNA RO —# % 100/F A L T 260 nmOIEEN S, TRk -
T RNA EBE(ugluhaz B H L=,

(RNA ) ={ (260 nmP% ) x 40 (ug/ul) x §FRf%=R) /1000
%tV T High Capacity cDNA Reverse Transcription Kits RTp@ied Biochemistry,
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Carlsbad, CA, USAY LV, WHERILEITo7-, £3. LLTOMKD RT K&
ERE TR LT,

10x RT buffer 2 ul
25x dNTPs 0.8 ul
oligo dT 2 ul
MRNA (0.1 pg/ul) 10 pl
RT 5% 1l

DEPC/K 4.2 ul

total 20ul

rJE

GV T, AR L R E R IGAIR 2 LT ORE T —~ v A 7 T =TT,
@aﬁasﬁm %17\ cDNA %157~

25°C 10 min
37°C 120 min
85°C 5 sec

(2) RelB(WT), p52 . p65(WT) insert DNA DM
WV TARL L7= cDNA % template: L C PCR%#1T~7-, PCRIZi% KOD-plus
(Toyobo, Osaka, Japa@)fH 7=, £9° . LLTF D X 9 72E| 4 T PCRIAK TR L 7=,

10xPCR buffer for KOD —plus 5 ul
2 mM dNTPs 5ul
25mM MgSQ 2 ul
primer (forward) 1.5 pl
primer (reverse) 1.5 pl
cDNA 1l
DMSO 1ul
KOD —plus- 1l
DEPC/K 32 ul
total 50 pl

B L7 PCRIBR A —~ YA 7T =128y b L. L FORIESMET PCR%E
17U . insert DNA A 57-,
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First Denature 94°C 2 min

Denature 94°C 15 sec<
Annealing (Tm-5) °C 30 sec |40 cycles
Extension 68°C 1 min/kb —

F2® PCRIZIX Table 4127~ L 72 primer 2 Nz,

Table 4 Primer sequence for indicated cDNA cloning

cDNA restriction enzymé

ReBWT) forward| 5'-TTTTAGA TCT ATG CTT CGG TCT GGG CCA GCC Bgl Il
reverse| 5-TTTICTC GAG TTA CTC GCT GCA GAC CCC ATC Xho |

052(WT) forward|5-TTTTTTGGA TCC ATG GAG AGT TGC TAC AAC CCA GG Bam HI
reverse| 5-TTTTTICTC GAG TTA CGC CCC GCC CCC GCC TCC CG Xho |

065(WT) forward|5-TTTTGGA TCC ATG GAC GAA CTG TTC CCC CTC ATC Bam HI
reverse| 5-TTTT CTC GAG TTA GGA GCT GAT CTG ACT CAG CAG Xho |

Restriction enzyme sites are in bold faces anatinit/stop codons are underlined.

(3) Insert DNA o 4 L& 8L

PCRIZ £ > CH#ilig L 72 cDNA Z BAL=F T U A EH 1%7 H 10— A TEKIKE
L. Gel Extention Kit (QIAGEN, Valencia, CA, USA) W\ T L b DR A 1T
o7z, £9, 50 VOEBETPCRESZIKEN L, UV ZRE LN Fa
g L7,

ENT WY LE A VE~ A 7 aT A RF 2—7 12 AdL, 600 Pl buffer QG
AL, 50°COE— ~ 7y 7 TL05MEE L T VDR EIT>Te, T VD
EIRZSERITATO oI, 2B EIH vy B T EITo T, TIVORMREHER L
725,200 uloA Y T aR ) — L EMZTH vy B Tk THRE LIZRIC, A
T BT 7T A LTz, 14,000 rpmTiE LIS HT 5 Z & T, insert DNAZ 7
TAIRESE, 7a—2Au—%E Tk, 0%, EREROBREYOREE
179 7212, 500 pl @ buffer QG% 7 77 A L. 14,000 rpm<T 1 4y iz 0ok L
72 FIZ. 500 plo buffer PEAZ 7 AT 77 A L, 14,000 rpm Tzl L TH
7 LDOWeEZAT o 72, buffer PEIZ X 2 ¥EFIL 2 E# VIR L, 2B B I3FRE —~# /
— N EFERIRET LD, 7 —An—%ET%IC, b 9 —FE 14,000 rpm
TEL Lz, BT LOWEENTET LIEL, FEEUsTEH LW~ A 78T A NF
22— AT L&ty LT, 20 ulod elution bufferz 7 77 4 L T 14,000 rpm
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TELL, 7r—2u—& LTinsert DNABIKEZEBT-, ZOFE#% 2 [EHY IR
L. & T40 yl @ insert DNA KR = 157-, R L7 DNA X2, 3 HLUWNITHE
AT 25813 4°C T, EHRET H2HE1L-20°C TREFET D Lo L,

(4) Insert DNA @ vector ~DRAF A FH

T, B L7 insert DNA % pGEX-6P-1 vector (GE Healthcar&)7= | %
PCMV-Tag-2B (Stratagen&) #lZ~iA T e 7= 812 insert DNA vector|Z & 121Ul [RE%
FHFH A L C, i DNA I B R 2 E- 72, Insert DNAE X O vector D[R
FALERITILL T QRO & AR L, 37°C T insert DNAIX 1 B§f#, vectoriZ 2
B A o F2a_X— T B2 LI T To 7,

10x il [REESR buffer 5 pl
insert DNAV&HR 40 ul
DEPC/K 3ul insert DNA
il FR P 3% (each) 1l
Total 50 pl
10x fil[REESR buffer 5 pl
vector (1 pg/ul) 1l
DEPCK 42 ul vector
il FR P 3% (each) 1l
Total 50 pl

A v Fa_X— g, EtOHILEIZ L5 DNA OFEHL L BHEE21T- 72, £3. 125 ul
D5k EtOH, 5 pl ™ 3M NaOAc/KIE#Z (EtOH 0.1%[v/vl NaOAc 2.5%[v/V]E A
A1 T-20°C T 20 oI E L7, 203 F#{E%. 14,000rpmT 15 4y ffsz LopbfE L C
FEERELE, BERER., <12 710% % ) — NV E~vA 72T A NFa—
TORERRD LD X HITE - &AL, FFON14,000rpnT 1057 = Lk L T,
EiEEBRE, 100 RE L7, BEE#%, insert DNAIZ5 pl® DEPC/K. vector
1% 10 pl o DEPC/K &I 2 TR L 7=,

(PGEX-6P vector~Di#E A %9 2T 7\ & & (X . DEPC/K TD elute #4777,
Ny hDOEFET-20°CTRIELTZ, )

39



I, HIPREER LR L 72 insert, vector{®ik 1 pl % 105127 8, 10x loading dye
AL, 1%7 T — 27V CEkE LT, kEif%. Molecular Image FXTM Pro(Bio
Rad)CH7 N DA A —T v T hfTol=, ZOFEREZ L &IZ, vector & insertd bR
PAE/LEET 1:101272 5 X 91T insert/vectolE A ¥AHE 5 ul %2 PCRF = — 7 12 iR &L
L. 5ul @ ligation high (Toyobok iz 7. 16°C T 1HffEA > F 2X— kL,
insert & vector® ligation 217\, insertZ & A L 7= pGEX vectorz /Ef L 7=,

(5) HB101 ~DIE Ein#

9. HB101 D#fET = — 7 % on ice THEME L. ligation D& T L 7= plasmid
®» PCRF=—7% on ice CHE L7-, HB101 DfEHMNFET L7= 5 HB1OLIFIK
100 pl % PCRF = — 7T A, plasmidiik 10 pl (10~50 ngk iz TIERE L. &
AWk % onice T 154 I E L7~

RIZ, 42°C DB PCRF o — 7 % A5 W ikE £ To1F, 9 <IZ on icell
LC24UEREL, LB ZREHMAMPIIKBEE2EZB L C, WE LAY
Ly X —HAWTERESTRNS T L—k LICB VLT, ZOEREHA
30°C THEE L, 24~ 48 KRR IC o n =— N 10~ BEEFE R SN TWD Z L & Tk
AL, an=—NHERINES, BEAE LW Car =—% pick L, 2 ml
D LB £H(AMP)YD A > 7= RERE 12 L L=, 2D X 9 72 sampleZ 6 EIEY . —
it 30°C CTIRE L& L CIARE %2 confluentiz L 7=,

(6) Mini-plep 12 X % plasmid DNA D¥gH!

ConfluentiZZE L7=Z N Z D sample Lmk 1.5ml~A1 727 A NF2—7|Z
&V, 4°C, 6,000 rpmT 15 L7z, EELZREL CRBE~LV v b
%1&7-1%. suspension buffer 250 @Mz CL< Ry T 7 LTRLby b &
Wy L, lysis buffer 250 pl iz CERENREFI L, =R TS5 oMEFE L=, 50F
& . onicelZ L CTEV 7= binding buffer 350 uk iz CTHEEEFI L 7=t . 54551
on ice CHE L7=, 54, 4°C. 13,000 rpm<T 10 3= Lk L C Lg%
kit |21 )8 @ collection tubeZ 7 77 4 LT 4°C, 14,000 rpmT 1 4y [HliE DLk L
72 & D% wash buffer 1z 500 ul A1 T 4°C, 13,000rpm T 1 45 iz DLk L,
7 u—An—%#:C, wash buffer [1Z 700 pl A1 T 4°C, 13,000 rpmT 1 55 fEE
DIERE LT, 7r—2An—%fRE L%, wash bufferof% ) Z52RICRET D
72012, b 9 —E 4°C, 13,000 rpmT 1 43z ERE L7=, &IZ. collection tube
DEZYI-T- 15 m~A 70T A NFa—7|Z# 2 T, elution bufferz 100 pl
Z AU T 4°C, 13,000 rpmT 1 3flEOEEL T, 7 —2a—%2EIRT 5 Z &
12 & o T plasmidigii = 157-.

(plasmidi& ik 2 R 74 2561213 4C, BRERFIZ-20CTRFL =, )
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LT, FBRLL 7= plasmidiZ HEID insent/NEA SN TWA Z L 2 fEND 57
WIZ, By b Fxy 7 &iTolz, £F. A4 707 X MF2—7I|Z plasmidiaik
17 pl 10xH|[REESE buffer2 ul > b F = v 72 L7-HIREEE 2 2 22
NO5ulAN, 37°CTLIERIA v F2a_X—hLm, A0 FaX—METH, K
JGERZ 1% =F Yy a7a~vA RAY T e —R57 L Cikdh L C Molecular
Image FXTM Pro (Bio RadY 7 /v DA A— v 7 %17\, DNA WA 226, BRID
insert DEADH EOFEREZIT - 72,

(7) BL21, Rosetta-gamiB~DZ#s#, IPTG check

1y hF =y 712K 5 TinsertOF AR S L7 plasmidD o — o > A %47
VN, T OFER. insertiZ error, gap/iniRWNZ ERNGnotn b, XU EHAD
BL21, Rosetta-gami BRIFFE K ~DEEsIL 21T > 72,

%9, BL21(F 721% Rosetta-gamiBp it F = — 7 % onice CAEB L. RR L
7= plasmidi®ii. PCRF = — 7% onice CHE L7z, KIEEINEE L7- 5 KIEHE
100 pl Z PCRF = — 72 AL, plasmidifik 5-10 plz iz Ce~Xy 75 4 7
IZEVIRE LTz, D%, plasmid& KEGHE OIREEIR % 1557 on ice TEAHE L
77

WIT, 42°C DEBIRIZ PCRF = — 7 % ASFORIKE £ THOUF. 4A5E% <
IZonicelc LT 2L EE#E L, LB EXREHAMp)ICKIBHEEELZH L T, WK
LIEAT Loy X —5 AN TRREEST N7 U—  EIZ& Y IR 7,

Z DEREEH A 30°C THE L, 24~48 K11 2 o =— 10~ & B %
SINTVWDHZELZERL, au=—NERIN 6, WELHE LU =
12 =—O pick 1T\, 2 ml ® LB FEHI(AMp)D A>T BREICE & Lz, 2D
X 9 7% sampleZz 5E{EV ., —BE 30°C TR E 95 L T confluentiZ7e % Z & ZHED>
Wiz,

ConfluentiZ7e - 7= Z & REFR S 7= 5, 2 ml D LB E5Hi(Amp) & A7 lBrE
Z 11AHE L. 520 sampleZ 20 ul3" 2% 2 KD LB R ALz, 2D & X
ENi—>0 samplez W ERIERICHE Lz, D%, EE#ICEY P LT
B D 600 nmOKEN 0.31CFET H E TR LZ, HEXETH, 01MOD
IPTG % 2 pl (&IBE 100 uMYTH, & 512 3HfREIEEE Lz, HEETH., BER
1 ml % 4°C, 6,000 rpm T Ok L, EiE % FRE L72#12 50 pl@ sonication buffer
AL, 10 EBE ML, 5% onice THrE&E L7=, 5o%%iE%. HO 10
ORI M L, 9 <12 4°C, 14,000 rpm T 10 4y fIE OoyLpE Lz, &0k
BTH, EESOulZ~A 70T A R Fa—7I12L 0, 10 pld 6x sample buffer
Mz T98°CHOE—hrT7 v 7|28 55MERT DI E CEMELFEAZITV,
kB O samplex 57,
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HWT, IPTGIZ X > THR® GST-fusion¥ /X7 ERFH L TV DLNENE
CBB 8|2 k. » CTHEFR L7z, SDS-PAGEf%, 7 /L% CBB JaRICIR L, IRIEH
BT AHETCLU U TIRDDLZETHFNVOYRBEIToT-, TILOYEN T
B, PEIREKEKICZHRL, #BETLHETLUUTERD, FLOREETo
2o ZFNORENTEZL, BRIOZ U RIEDONR RS DH 2 L iR L,
O LS HATHIREBHICHN D 2O OKRBEKZRE LT,

(8) GST-fusion # 737 DK ERER

HET =y 7IZX o THRELE, REKEICHWD KBEZHWTHERZ
NI BDORERFRZITo T,

9. RERFBROFTHIC 5 mlO LB HHi(Amp)E AfL7z 15 mliE. 2 10 plo
KIGE 2 AN CIRE#IC® ~ b LT 30°C T pre-cultureL 7=, pre-culturel 72k
A5 B Y confluentlZiE L7= 2 & 2 FEER L7= 5 4°C, 3,500 rpm T KB H % 1= O IE
L. FEZEZBRELEZZ. 1mlo LB E#AMp) TEE L CTT X CORBHE%
200 ml® LB Hi(Amp)icfE L7z, EDtk, #EE S>> b L, 600 nmO WY,
FEA 0.3~0.61272 5 £ T 37°C THEE L, 600 nmDO K FKEEAS 0.3~0.61ZFE L7= 5,
200 I 0.1 M IPTG X 100 pME RN L, HEEIEE % 25°CICE 2T 3~4
IR E SR T2 Z & 12 X » T GST-fusion? v XV B ORBFE 1T -7,

R T 1% BEEK A 50 mbE LF 2 —71c L, s 4 VT 8,500 rpm
T 153 hiE LR LTz, £0%, EEEZT o7 —2a U THET, XLy MZ
5 ml @ sonication bufferz AL T RKIGE 2 @BE M L7, EOBRIZIL, BE
BEOBNZ L > THBY VNI BRI nND D% <TZHIZ, onice TT X TDOHE:
EZATV, BEE DS 1087:F 725 108 on ice THHE L T, 154 Z D#fE%
MR L7z, 1550% ., KIBEORBERZ 1.5ml~A 7 a7 A M F2—7(2 1.5 ml
T L. 4°C, 14,000 rpmT 10 53 fEE OILRE L7z, & 0IERE% . 154 15 ml
MRS L, 800 puld PBS (Bl E L 7= O) TOPEE % 3 [ElfE Y K L TPl
L 7= Glutathione Sepharose 4B— A (GE Healthcare} £ — & 500 pl43 (51
80%A 7 U —)x Tz, £ D%, Z DORIGE D AIEEHE 5y & ©— X DIRE IR % 4°C,
1 5[ rotate 9% Z & 12 & » T GST-fusion % > /X7 D B — X ~DWREZIT -T2,

BT, WEDET L2 % 4°C, 1,000 rpmT 10 4y oibkE L. B
BEL. 15mi~vA 2725 A hFa—7 I —XDOEINZ1T\\, sonication buffer
ZImFOMR TH vy B IR E—XDWFRLZ 5 EITY, B — XIZIEFFR
IR E L TS X Ry DREEIToT, ZD%., 1 mMDTT Z&tr PBS 200
ul 2 v — X2z, PreScissionProtease (GE Healthcare) 2@4ill 2., 4°C T 16
e rotate 5 Z I Ko T GSTH# 7 2UIVEEL, BRIDOZ X7 O 21T

>7,
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16 BEfEE % . B — X & B Em O T OieE L., EiE42 1.5 mli~A1 7

BT ARNFa—7IZEIR L, EIR L7z RiEE S 61
WL BiEZEIL, B—X25%Ee

14,000 rpm T 10 4y fffsz O
WZkRELE, 20k, BRLEZ 70

TEEZBEE L, CBBEIC L DT =~ v 7 21To 7, (BT = v 7 DD,
KREKHOBRTUTDOESD 7T 7 v a %5 ul$5 50 pld 1xsample buffer
(BN L TERBUWE)

(Rl 7= 4
RSP

frl
fr2
fr3
fr4
fr5

F % O sampleZ 132 O UL RE L 72 RE O R 8 4y
F % O sampleZ 132 O LR L 72 RE D AT R 8 4y

R/ ESE, mORELEZEOE—X

EF

pressision proteat€ . > T GST# 7 Z )V B Ao B — X
HL U722 2 /0 IR Mg O 2 3 KB S LD K 5 ISR

37 1% 10~2Qul o451 L T-80°CITIRTE
Ll )

2.8 Site direct mutagenesis

PGEX-RelB(C144S} L U8,

L. R mLAR I

pCMV-RelB(C144S) p52(G556V}3 inverse PCRx

FAWTYERLL 7=, Table 5127~ L 7= primer Z fiv >, KOD-plus % AV CTLL T D54
TPCR%ZEMT T,

Table 5 Primer sequence for indicated cDNA cloning

cDNA restriction enzymé
RelB(C144S) forward| 5’-CC GAG GGC CGC TCG GCC GGC AGC ATC Bam HI
reverse| 5-A CTC GTA GCG GAA GCG CAT GCC GCG CTG Xho
RelB(C144A) forward|[GC GGC ATG CGC TTC CGC TAC GAGCC GAG GGC CGC
reverse|GCC GGC CGA GCG GCC CTC GGC CTC GTA GCG GAA GC
52(G56V) forward| 5’-TC TGT GAA GGC CCC TCC CAT GGA GGA CTG CCC GG Bam HI
P reverse| 5-C ATATCG AAATCG GAAGCC TCTCTG CTT AGGTG Xho |
Mutation sites are in bold face
First Denature 94°C 2 min
Denature 94°C 15 sec<
Annealing (Tm-5) °C 30sec | 20 cycles
Extension 68°C 7 min —
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PCR2M& T L7z PCRIE% 50 pliZ Dpn I(TOYOBO) 1 plZ AT 37°C T 2 B
A Fax—FT5ZLIZEoT, RIBEOH TRAF LI 7852 plasmidd
DFRREAT 5 T2, FEWN T, Dpn HALEEASE T L7 DNA % 1 %D =F Y 7 A7~ A
RAY T e —AF7 L TpkEl L, BRIN FZ28]0 i L., Gel Extention Kit
(QIAGEN)% VT ethidium bromide” %/ 2 — X 706 ORI AT o 72, Hefk
® elute(Z 20 pl @ elution bufferT 1 [E1T-> 7=,

F7=. pCMV-RelB(C144A) vectonx overlapfififi#EiZ X - T Table 5(Z/~x L7z
primer Z V7= PCRIZ X > CinsentZ{ERL L. 7R AT 7=,

WIZ, TV L7- DNA [Z%F L CUL T OO K Z PCRF 22— 71251
D, 37°C, 1A v Fa_X—F 52 LTE KDV U BILEIT- 7,

10xT4PNK buffer 2 ul
DNA 15 pl
20 mM ATP 1l
TAPNK 2 ul
Total 20 pl

A FaxX— FETH, 20 uld T4PNKIAEHRIZ ligation high% 10 plfnz T 16°C
T 1 FFfH ligation 1T > 72,

Ligation 52 T #. HB101 ~DO I E#s#is & — b2 3 v 7 (2 X V1TV, High Pure
Plasmid Isolation Kit (Roch&) & % plsmidtE®., 7> " F=v 7, —F 2 RIZ
XV, BHO mutation’S A>TW\5 2 L OER%E Lz, D%, BL2L ~DIFE
ERHA 24TV, IPTGIZ L 2B TF = v 7 . RERFREZIT- T,

PLED X 512 U TIERLL 72 pGEX-RelB(C144S)> 5 insert @ RelB(C144S¥% 5|
P %, pCMV-Tag-2BIZ subcloningd % & - T pCMV-RelB(C144Sk #57=,

2.9 pCMV-RelB(WT), pCMV-RelB(C144S) vectord Kk Bl
pPCMV vectorD#E#L 2 Endo Free Plasmid Maxi Kit(QIAGEN) AV CTiT - 7=,
£ /ERL L 7= pCMV vectorz A L 7= HB101 % 250 ml® LB £ H#i(Km)iZ 50
ul Adv, 37°C T 18 IFRIIREZEEE & L=, BE&5E T#. HBLOLIAHR A 50 mliz.L»
IZAE L, BBiE DI K - T 8,500 rpmT 154 MmOk L., EiEE#ECTK
BE O~y N BT,
(ZZCHET 258 RBEDO LV v F&-80CIZHHE L THRIF LT, )

W2, RIBEDOXL > MZ 10 ml® buffer P12z TXL v N2 HEE L.
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10 ml @ buffer P2ZiRIN#% . 4~6[E1K L < EENREFA L TR0 ENREL LD D Z
EERRER LT D 5 MEIRICHE LT, 5 ofkiitk . ;mEI L7z 10 ml @ buffer P3
74— MIEIL, ML 4~6 EHERENRF L CEROBNELA, BEILE
ZEUTZZ & MR Lz 59 <IZ QlAfilter Cartridgell 7 A v — R & EE, =&
TLOHfA v Fax—h LT, ZOLEX, 7TV —%2ALRWE I ITHE
L7,

T, QlAfilter Cartridge D E J AAhbF v v 7HB D BRE, FHnics
7 V% —% QIAfilter Maxi CartridgelZ AALC7 A &— k% 50 mliE LF = —7
WZAB L2, FEWT, 2.5 mld buffer ERZABL72T A4 &— MIEE, 10E1E
FEAENRFAN L COK ET100M A ¥ =2X—h L7,

&IZ. QIAGEN-tip 500(Z 10 ml @ buffer QBT Mz, T AMNZEIZ/RDHET
BARE T LT T L0 ba Lz, L& T%, 74— h% QIAGEN-tip
IZEX, BARBETICE S TH T L~NEHBIE, BFENTET L7z 5 30 mld buffer
QC THeH LT, F7-. ZOWEEIEIZ 2BV IR L, H#W T, F2H LV 50
ml &0 F 2 — 7|2 2 T, buffer QN 15 ml& 4 7 A 218 L T DNA OEH %17 -
72. DNA OEHIEIZ 105 mI(0.7EEEE)D A Y 7'a /X ) — )L Z AL T DNA %
W S, BRI LI, EHIZ 4°C, 8,500 rpmT 1 EffELL, L4 EE
T T —ar iz, ThHCT—arBIET I 7T0%T X ) — v a2z
T 8,500 rpmT 1 FFfjE LIERE L, NLy ROABEI L2 WL S ICEFEERELS LEE
TAHT—ar Lk, 50 mhizE L  —BREIRICHE L T Ly NI E
7o. FLfE1%1% 50 pl @ DEPC/KIZIEfE L, WREZBEE L CUTFTORIZL - T
DNA EEZHIE L. 1ugulicesd X HIZHR LT,

(DNA ) ={ (260nm W) x 50 (ug/ul) x (FFRA%R) } / 1000
PLED X 512 LTHE7= pCMV vectorid4yiE L CT-20C TIRIE L 7=,

2.10 Lipofection {Z X 5 pCMV vector DA

KEFEH L7- pCMV vector% lipofectamine LTX Reagent (Invitroge®)f T
HeLa i~ transfectz 17> 7=,

F 7. HeLafifid % 60-mm dishT 60-70% confluentZ 72 % & THs#& L 7=, 1 dish
[Z-> %, Opti-MEM 500pl. lipofectamine LTX 4ul. pCMV vector 1.2511 % #5878
L > TRAL, 20 ZRIZERTA v Fa2X—hL7, 207D A > F 22—k
112 60-mm dishDEEHAFRE L, LS 2 mICKHL7-, A F2X— |
. dish _EIZ lipofectamine iR AVEKR % LT O F3 52 &Ick»Thnx, 24
B DAV F 2 _X— FMEICHEA DT v B A IZHWE,
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2.11 MALDI-TOF/MS
[buffer HEER]
® Matrix i (in milliQ)

sinapinic acid BaFn
50% (V/V) T h= kUL
0.1% (V/v) TFA

F9 R L7 recombinant > 37 & & MEIZIE LT 0.1%D DTT A Y @ PBS
Lo THRL, Fo IV EERBRET 2—T ThHhdH, AInrrarttw—7
SS~vA 7 uaFa—T(FELEX—2F A I, Tokyo, Japan)y 19 ul# L7z, &KIiZ,
(-)-DHMEQ & /1 & ® DMSO % 1 pl Afv, 4°C, 1FFfA o F 22— L TRIG
EHT, FISKETH, FriLnAInry7nsrtv—7 SS~A /7 uFa—7 7T,
2 WDORINER E 8 ulo~ NI v 7 Z%JRE L, Targeting plate (Bruker Daltnics,
Billerica, MA, USA)IZ 2 pl "> plating L, BZE748 > 7" C 20~307 IRz[E 5 Z &
IZ X o TH T DR EIT o 72, Z D & & calibration i D sample& L T,
Calibration Standard Il (Bruker Daltnicg)1:1 T~ hU v 7 A ELBEBELTZH DL
plating L 7=,

HWT, XXV BEORFERHEEZB I 72->7-, £, flexconto 710 7' A
ZEEI L, LP3-20 kDa. Pab 7' 1 b 2L &A@ IR L CHEER DO 7' 1 7' F A DL E)
1T~ 7=, 7L — k% Targeting plate frame Il (Bruker Daltnigs)z ~ k L T A
L. L=V —0O¥FENRHEDLDERE-T-, HIEDOUEFNTE/= 5, Detection %
20,000~70,000 Dal% E#f D% iE % Calibration Protein Il2t& v b L CHE#RH Y
YT, T 60%L — Y —Z BRI L, BIEDREDOMIEL LIz, MIERLTZ,
sample D ARy ML —HF—ZRF L, HFEE—7DOBHEEZT 7, L—F
— I O E I - TR L7z, HIEK TH%., flex analysisD ' v 77 A% L #)
LTEDTFRE—7 DT EZ1T o T2,
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I3 R
3.1 Noncanonical NF-kB # K+ & (-)-DHMEQ D& f#tT

(-)-DHMEQ & noncanonical NF-kB # kK - & O #E & FENT 21T 2 72912,
recombinant RelB & recombinant p52 % KAFE T RIC L VBRI L7, 2K D RelB
X RIGE CRE LA -o7272%, Fig. 19A IR L7 XL 972 RHD #& A 72, 1-391
7 AR L7 (Fig. 19B), F£7-. p52 1% pl00 D 1-405 7 X / ERIZHHE T 5
fulllenggh b D% 7 o—=27L, 8 L7=(Fig. 19C),

FE#L L 7= recombinant RelB & (-)-DHMEQ D& & fi##r % MALDI-TOF/MSIZ £ %
DT EBIEIC X VT 72, Z OfER, recombinant RelB(1-391) (2 % L C(-)-DHMEQ
ARG S L. 1 YELHE TIE, RAB OO FEEY—27 BNIAR Y, (-)-DHMEQ @
SFEOK I DTETEMLIZE A FEY—7 DIEENRBE L=, L7225
- T, (-)-DHMEQ 1 ¥ &/ T, (-)-DHMEQ 235 & L 7= RelB & KfE& D RelB
DL L CHFEEL TS Z EBREBINT, 5T, (-)-DHMEQ % ReB (Zxf
LC2YENHT S L, RAB D FEMN()-DHMEQ D4+ E T 5 260 H#Hhn4-
HIERNG DAL (Fig. 20), LA EDOFER) G, (-)-DHMEQ I RelB IZEH LA E
ETDHZ EnGmoiz, ReB X homodimer Z % L7272, (-)-DHMEQ 73
RelB @ DNA fE B BEIC B2 DR OBRHIL TE 2o T,

—J5. BN L1, ReB & 3:(2, noncanonical NF-kB ZHA%4 5 p52 (2
%L CIX(-)-DHMEQ %# 8 ¥ EE THLEL TH p52 DY FEDZEER T 7 Mtk
HEnen-7=(Fig. 21), S 512, (-)-DHMEQ IZ p52 @ DNA FEAREIC & INHI%h
RIIRE 0o 7=(Fig. 22), & 512, Re family Listo % o378 & LT Bovine
Serum Albumin(BSA)IZ(-)-DHMEQ # 8 ¥ & F CTALE L C ¢ BSA Oy T EICIHE
7R BAIX e o T2 (Fig. 23), L7223 T, (-)-DHMEQ 1% Rel family # > /37 &%
FEMICHEHB L CHEAR/EE L TWD EEILND,
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(A)

RelB 'Lzl | rep |nLs| |
b e e e e e e e e
1-391 aa

p100
_’ ______________________ 1 I
NFkB2/p52 ! | | RHD |NLS : |
e e e _ ______ e | )

| 1-405 aa |
p52
(B) RelB (C)

82 kDa
82 kDa
64 kDa 461; ';Ba
49 kDa a
37 kDa 37 kDa

Fig. 19 Preparation and purification of recombinant RelB and p52.

(A) Domain structure of RelB and p52. Leucine zipper; LZ, Rel homology
domain; RHD, Nuclear localization signal; NLS. (B) Result of recombinant
RelB(1-391) purification. Recombinant RelB(1-391) was purified and prepared
for indicated fractions from BL-21 and subjected by CBB-staining. (C) Result of
recombinant p52 purification. Recombinant p52 was purified and prepared for
indicated fractions from BL-21 and subjected by CBB-staining. Insoluble fraction
in PBS: frl, soluble fraction in PBS: fr2, supernatant of beads: fr3, boiled
recombinant protein immobilized glutathione-sepharose beads: fr4, purified
recombinant proteins: frb.
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'm" 43153 43306
43050

500 |
‘M === control (DMSO only)
(-)-DHMEQ 1eq

== (-)-DHMEQ 2eq

bt M\w

44500 miz

43500

Fig. 20 Molecular weight analysis of (-)-DHMEQ/RelB(1-391) adduct.
Recombinant RelB(WT) was treated with or without 1 or 2 equivalent (-)-DHMEQ
at 4C for 1 h. Samples were mixed with sinapinic a cid in 50% acetonitrile, 0.1%
TFA and plating 2 pl on the target plate and then measured molecular weight by

using MALDI-TOF/MS.
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Control (DMSO only)
(-)-DHMEQ indicated equivalent

Fig. 21 (-)-DHMEQ does not bind to p52. Recombinant p52 was treated with
indicated equivalent (-)-DHMEQ at 4C for 1 h. Samples were mixed with
sinapinic acid in 50% acetonitrile, 0.1% TFA and plating 2 ul on the target plate
and then measured molecular weight by using MALDI-TOF/MS.
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(-)-DHMEQ (eq) O

free probe ——

ce stained — [N

Fig. 22 (-)-DHMEQ does not inhibit p52-kB DNA binding activity.

The 20 uM recombinant p52 or p65 in PBS was treated with the indicated
equivalent of (-)-DHMEQ at 4 for 1 h, and then in vitro DNA binding activity
was detected by using EMSA. The left panel shows effect of (-)-DHMEQ on
p52-kB DNA binding activity; right panel, the result when a positive-control,
p65-kB, was used.

51



Intens.

“ BSA : bovine serum albumin

64000 65000 66000 67000 68000 63000 miz

=== control (DMSO only)
= (-)-DHMEQ (8 eq.)

Fig. 23 Molecular weight analysis of BSA with (-)-DHMEQ.

BSA was treated with 8 equivalent (-)-DHMEQ at 4C for 1 h. Samples were
mixed with sinapinic acid in 50% acetonitrile 0.1% TFA and plating 2 ul on the
plate and then measured molecular weight by using MALDI-TOF/MS.
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3.2 (-)-DHMEQ ® noncanonical NF-kB 23} 2 BB D FE

VT, (-)-DHMEQ @ RelB |25 1T &AL DR EZ1T > 72, p65 @ 38Cys
& FEFEMEZ > RelB @ 144Cys % Ser ~[E#i L, MALDI-TOF/MS T X 5 #&E& %
Wxa1T-7-, FOFfEE. ()-DHMEQ ALFIZ L » T RABWT) TR. 5115 RelB @
DT EDOZELH RelB Cysl44Ser mutant; RelB(C144S) CliE = & 722>~ 7= (Fig. 24),
L7215 T, (-)-DHMEQ I% RelB ® 144Cys IZHEAT D Z ENminoT-, I HIZ
Z DiEEHAIL. MALDI-TOFIMS A EE DA T, RdB ® \%Erbx
(-)-DHMEQ 1 43 F43#Mm+ % Z & 25 (-)-DHMEQ 78 RelB {2 1:1 THrEAYIZHE
BREET D LNyl

p50 & p52 iE Fig. 25A D L H Iz, FEFITEWHEREMELF S, ZHLE TIC
(-)-DHMEQ 1% p50 ™ 62Cys | _/ﬁf*/\ L T p50 ® homodimer @ DNA f& & % BH.
YD ENME I TS5 (143), p65. RelB. c-Rel, p50 (21T 5 (-)-DHMEQ

DFEEY A N TH D Cys EFERMEZFF> p52 @ 57Cys JE A D7 I /) BRELSI D b
8% ClustaW (2 L V1T ->7=(Fig. 18, 25A), = DOfERE. p52 @ 56Gly H3Mild Rel
family % > /X7 & LFRREIEN 7202 Lo 72 (Fig. 25A), £ 2T, ps2 D7 2
J BRECH & pS0 \ZiES1) B 72812, Gly56Val mutant p52; p52(G56V) % fEHL L (Fig.
25B). MALDI-TOF/IMS |Z KX 5 /&G MIT 21T o 72, ZOFER. p52(G66V)IZ b
(-)-DHMEQ IZ#& & L 720>~ 7= (Fig. 25C),

L7=28> T, (-)-DHMEQ IZ Rel family # L /X7 BIZHEET DB, HED Cys
D 1 WA < IZFEET ST X BB T T < | CysitfE D 3 IRTTiEE D
ZRLFBEMLTEAE L TCND Z LR INT, ZORERIL, (-)-DHMEQ @ Re
family (23t 2 @ WEBEIREEZ EZMF T L2 DTH 5,

53



RelB(1-391) wild type

ca. 43050

ca. 43300

\MM G

RelB(1-391) C144S

ks s oo ko koo

== control (DMSO only)
= (-)-DHMEQ (2 eq.)

oo aads0

Fig. 24 (-)-DHMEQ does not bind to RelB(C144S). Recombinant RelB(WT) or
RelB(C144S) was treated with 2 equivalent (-)-DHMEQ at 4T for 1 h. Samples
were mixed with sinapinic acid in 50% acetonitrile, 0.1% TFA and plating 2 pl on
the target plate and then measured molecular weight by using MALDI-TOF/MS.
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(A) 47 62 76
p50 ILEQPKQRGFRFRYVCEGPSHGGLPGASSE

42 57 61

p52 IVEQPKQRGFRFRYGCEGPSHGGLPGASSE
kokkkhkkhkkhkhkhkhkk *hkkkkkkhkkhkhkkhk

(B) (C)

ff” fr2 f3 fr4 5

== control (DMSO only)
== (-)-DHMEQ (8 eq.)

Fig. 25 (-)-DHMEQ does not bind to p52. (A) Sequence homology of p50 and
p52. Sequence homology was analyzed by ClustalW. * means conserving
amino-acid sequence completely in 2 proteins, : highly. (B) Result of
recombinant p52(G56V) purification. Recombinant p52(G56V) was purified and
prepared for indicated fractions from BL-21 and subjected by CBB-staining,
insoluble fraction in PBS: frl, soluble fraction in PBS: fr2, supernatant of beads:
fr3, boiled recombinant protein immobilized glutathione-sepharose beads: fr4,
purified recombinant proteins: fr5. (C) Molecular weight analysis of p52(G57V)
treated with or without (-)-DHMEQ.
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3.3 (-)-DHMEQ DN nocanonical NF-kB (Zx}4 % #fl2h R &L B0+

(-)-DHMEQ 7% RelB @ 144Cys A fEA T 5 2 & Do 7272 (-)-DHMEQ
23 HAAEZAN C noncanonical NF-kB OIEMEALIZ 5 2 D W R OKRET 21T - 7=,

HelLa#fifiZ|Z RelB wild type; ReIB(WT) Z# i T3 B X ¥, EMSA |2 L DT 21T
- 7-(Fig. 26A), T DfER. ReB(WT)% HeLafligiC@BREIBBHE IED Z Lick -
T RelB # & A 72 NFKB OiEMH LA i S 4u, (-)-DHMEQ MLHR|Z L - TE Dif
PEAL 23] S v 7= (Fig. 26B),

5t VT RelB(C144S). p52 % HelLa i |2\ FIFE B < & CTRIBR DT 21T > 7=,
ZOFER., RelB(WT)IZHEX, RelB(C1449) % il HKH <& 5 & (-)-DHMEQ (Z &
% RelB & & A 72 NF-kB OIEMEALINGENER 1355 < 72 57225, (-)-DHMEQ (2L %
NF-kB |z R D722 BB IZITE & 720y T2 (Fig. 27), £7=. (-)-DHMEQ 23
ALV P52 IZBWV T, ()-DHMEQ 1T & % NF-kB O#ifI&h B3 7 & 7= (Fig.
27), Fig. 27 1Z7r L7= X 912, RelB(Cl449) 4 BEIHEL S5 &, NF-KB @ DNA
FEEHOHEIEMN A S =7-D, ReB ® 144Cys O DNA fE A RE~DH 5 DfEt %
1T-7-., RelB(WT). RelB(C144S). RelB(C144A)% Hela Fifa|ZdHEFH I T
EMSA |2 X 2 fi#HT 21T - 7=(Fig. 28A), < D& . RelB(C144S) %5 X U RelB(C144A)
IETIFEELE AL C NF-KB 0 DNA & 1 OH§IR 3 5 5 7= (Fig. 28B), L72A3> T,
RelB ™ 144Cys @ mutation (= & % {#7)>73 conformation 2 {l.7% noncanonical NF-kB
®D DNA FEE B EBEX D R nhrolc, ZTOZ D, ReB @ Cysld4
I% RelB & %r NF-KB @ DNA #EAHIENC I W THLE e EEI 2 5 2 & 3R
iz,

RelB IX homodimer ZTE A% L7272, BRI B CiEaRIHE 55 &M
FEN T p52 LIFMMZ % p50 <° p100, pl05 7 EDfid Rel family % > X7 & %1 U
b, KEx IR H LRI E L heterodimer ZTERLT D EE X BILD, FEEIZ, p52 b
AR N TR 4 72 Rel family % > X7 'E L heterodimer Z 7k L, Fig. 29A (2R L7
X 912, RelB(C1449) F 7=1% p52 L fiEA L7=(-)-DHMEQ 23 & A Al RE72 Rel family
Z X7 B2 (-)-DHMEQ A& L. FiQ. 27T D Lk o s RIc o2 &2 B D,
% Z T, ReB/p52 @ heterodimer % #HAEN TR S W 5 72912 RelB(WT)/p52,
RelB(C144S)/p52 ##LFE S5 = L2 X » TN 21T~ 7- (Fig. 29B), EMSA
DOFEFR. (-)-DHMEQ (% RelB(WT)/p52 DiEMEAL & B I 5 Dozt L,
RelB(C144S)/p52 DIEMELITITZINGIZN R 2 R S 22 2o 72 (Fig. 29B), & BT,
RelB(WT)/p52 % i 5 Bl < 7= HelLa MEfE D4 H#12(-)-DHMEQ % /LR T 5%
EALBRREKRTTR 7. DNA f& OEN R L7 (Fg. 30, L72h - T,
(-)-DHMEQ IZHfANIZ BV T H RelB @ Cysldd #1ER) & L., noncanonical NF-kB
® DNA & ZHET 5 Z & T, EHEMf 232 2 & 330> 72(Fig. 31),
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FLAG-RelB

Ne]
()-DHMEQ < 2
(A) (B) %‘5 0pgm Q@ o
@ E - + I
[0)
o
5 2 super shifted
B £ complexes
o I
NF-kB —>
s

a-tubulin -

Fig. 26 Activation of noncanonical NF-kB in HelLa cells by overexpression
of RelB. (A) HeLa cells were transiently over-expressed with FLAG-tagged
RelB(WT). The expression of RelB was detected by Western blotting. (B)
Transfected cells were incubated with or without 10 pg/ml (-)-DHMEQ for 1 h,
and nuclear proteins were then extracted and used for EMSA.
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RelB(WT) RelB(C144S) p52

(-)-DHMEQ 10 pg/ml

NF- kB
(containing RelB)

NF- kB
(containing p52)

free probe —>

Fig. 27 Effect of (-)-DHMEQ on NF-kB activation in HelLa cells
over-expressing RelB(WT), RelB(C144S), or p52. HelLa cells were transiently
over-expressed with FLAG-tagged RelB(WT), RelB(C144S), or p52. Transfected
cells were incubated with or without 10 pg/ml (-)-DHMEQ for 1 h, and nuclear
proteins were then extracted and used for EMSA.
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(A) (B)
144
RelB(WT) FRYECEGRS
RelB(C144S) FRYESEGRS
RelB(C144A) FRYEAEGRS

" RelB(C144S)
RelB(C144A)

—NH—CH—CO— \
| .
R |
Cys: —CH,—SH

Ser. —CH,—OH

Ala: —CH,

Fig. 28 Cys144 of RelB is essential for noncanonical NF-kB DNA binding
activity. (A) Sequence of RelB(WT), RelB(C144S), and RelB(C144A). (B) HelLa
cells were transiently over-expressed with FLAG-tagged RelB(WT),
RelB(C144S), or RelB(C144A). The nuclear proteins were extracted and used

for EMSA.
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(A) )
<D

Do D

[omea (s )G

s o

g

P52,
()-DHMEQ c-Rel
(-)-DHMEQ can not bind _ (-)-DHMEQ can not bind
RelB(WT) overexpressing HelLa cells p52 overexpressing HelLa cells
(B) RelB(WT)/p52 RelB(C144S)/p52
< < o
< <
10 pg/ml 859 o 559 o
()-DHMEQ - + Z ¢ - * F @&
L 4 Super Shifted
complex
o
0
RelB/p52 — o £
3 = <
£ 3
]
O d
B: £ ¢ &

+= qFLAG-RelB
FLAG ' <
<FLAG-p52
s L -

p52

free probe —

Fig. 29 RelB Cys144 is essential for (-)-DHMEQ-inhibited NF-kB in RelB/p52
overexpressing HelLa cells. (A) Possible dimers in RelB(WT) or p52
overexpressing HelLa cells. (B) (-)-DHMEQ inhibits RelB/p52-kB activation
though the binding to Cys144. Hela cells were transiently over-expressed with
either FLAG-tagged wild-type or C144S mutant RelB together with FLAG-tagged
wild-type p52. Transfected cells were incubated with or without 10 pg/ml
(-)-DHMEQ for 1 h, and nuclear proteins were then extracted and used for EMSA
(left). The expression of each protein was detected by Western blotting (right).
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RelB(WT)/p52
(-DHMEQ (ug/ml) 0 03 1 3 10

RelB/p52-kB ——> w “

free probe —>

Fig. 30 (-)-DHMEQ inhibited RelB/p52-kB DNA binding activity. (-)-DHMEQ
inhibits RelB/p52-kB DNA binding activity. HelLa cells were transiently
over-expressed with FLAG-tagged wild-type RelB together with FLAG-tagged
wild-type p52. Nuclear proteins were extracted and treated with the indicated
concentrations of (-)-DHMEQ for 1 h, and the in vitro DNA binding activity was
then detected by using EMSA.
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no binding

binding

Fig. 31 Inhibitory mechanism of (-)-DHMEQ on noncanonical NF-kB.
(-)-DHMEQ bound to 144Cys of RelB and inhibited noncanonical NF-kB DNA
binding activity.
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4, 5

ZIE TIZYIFFEEICB VT, (-)-DHMEQ & p65 @ 38Cys & 41" L 7= [E 297
HHFES & ZIUT X 5 DNA FEE OIHIA R ST & 72(143), AAFFEIC L - T,
7=z, (-)-DHMEQ 7%® noncanonical NF-kB #&/%[KX ¥ Cd 5 RelB & 144Cys %I
L CHEEET D Z L0 LN - = (Fig. 24), B2, HeLaMifaiC RelB (WT).
RelB(C144S). p52 % Hjm CiB I3 S 7K. RelB(C144S)E 7213 p52 & A T2
NF-kB D&M L 46| L7=, MALDI-TOF/MS OfER75 . RelB(C144S) & p52
IZ1Z(-)-DHMEQ T & T&E W=, ZOfERIZ. (-)-DHMEQ 7% NF-kB dimer
DELB—J D Re family % > 37 & f*/\bf_f_ I} T DNA & 2 Il %
ENHEKLZ EEREBELTND, Lt7§>of (-)-DHMEQ i p52 @ homodimer
LIS DT D NF-kB DIEHALZINEIT 2 2 &N TE L LB N5,

F7-. RelB ™ 144Cys # X U, (-)-DHMEQ DfEA&H A FToH 5 Re family
KRB D Cysld DNA L KFEfEE EZ R L T\ 5 (Fig. 32; 171, 172, 173),
(-)-DHMEQ 75 RelB ™ 144Cys (2 H#EET 5 Z & T.RelB ™ 144Cys | DNA &
DKFREE EZRH KRS D BB BND, I 6T, Fig. 27, 28, 29 DfEF)
5. 144Cys @ Ser 1 L T Ala~® mutation 7% RelB % & ¢ NF-kB @ DNA & 77
IR I ETWVD Z & D, RAB @ 144Cys 7)) DNA fEE 11 D5k & % 4 LTI/\
HZENBHLNERST-, ZORERNS, (()DHMEQ 7% RelB @ 144Cys (25 &
4% Z & 1%, noncanonical NF-kB Dl J’F% IR THD EEZ %héo S
7. (-)-DHMEQ 7% 144Cys IT/EET 5 Z LI L > T DNA A RESND = &
K>, Cl144S. C144A mutation T RelB @ DNA #5& 7123885895 Z L 1%, ReB ®
144Cys DAL EIAT I 7 R EICEE L 5 2. ReB & DNA OfEEIZE T
FORREEIZRIZL TS ZEE2R"THDOTHH Y NFKB & DNA OfEEHR
ﬁ@#%ﬁ%%ﬁk%<E%Té%@f%ék%i%mé

S BT FEEBLEEVZ . (-DHMEQ X p52Z 1A L2y » 1= (Fig. 21),
Rel family |29 % % ‘/N&Cé’f i%@ 1 REEICFEFICEWVHEREZA L TWD
7T TR, 3WEEIZOEmWELMEAZRLTWD, £72, Fig 5 I1ZRLTELD
I1Z(-)-DHMEQ 1% p52 ® 56Gly % Va ~&#i9 2 = & T p50 Bz ir-3iF 7= p52 12

HLiEE Lo lz, L= -> T, (-)-DHMEQ iX Rel family # > /X7 & ® Cys iz
FEET DRI, EMEFTO Cys 28D -2 EELTEH L WD EEX LN,
N SE(OR DHIVIEQ@ NF-KBIZX T 2@ VBIRMEZE T T H DO THD EEZ
b,
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p65

p65/p50 p52/p52

Fig. 32 Structure of NF-kB-DNA
binding models. Red circle means
38Cys of p65 and sharing homology
with 38Cys of p65 in indicated Rel
family proteins.

(-)-DHMEQ & [FIREIZ . =R 3 T B % > NF-kB FLEFH 1% p65 7 38Cys<° IKK [
D 179Cys #HEHI &L 5 Z L DWME I N TV DA (144-148) ., AWFFECHE LT-
noncanonical NF-kB #R#& 1% IKKaDIEMHEL 2 THEMEIL SN AR TH L=
IKKBZFHZE L= & LT, IEHbixRbiniewn, RKFERICE > T, (-)-DHMEQ

64



I% noncanonical NF-kB #& %K+ D RelB 12454 L. DNA #E& 244 5 Z & 238
Sk ripolz, ZOFRERIZ, ()-DHMEQ 2% canonical NF-kB #&#& 721 T7a <,
noncanonical NF-kB &8 b 492 Z &£ 2" T H DO TH Y | (-)-DHMEQ DIEF IZ
B 7= NFkB FHEMEA ZFEHT 2 - D TH 5, Noncanonical NF-KB DB &1L L
FLRECEREREBEORERRELTHMOLNTWVWD Z Enb . (-)-DHMEQ 2
noncanonical NF-kB 1EHEALAREE D 2h A~ 3 2 & 1%, (-)-DHMEQ 2% B O /&
PERIZH L CHENTIRENIRE T L E2RBT 550 ThH D,
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H2E
(-)-DHMEQ |Z X % noncanonical NF-kB /& HALHZE D
R AE R RE






1 Fam

Noncanonical NFB /&L B fIfE OB H B HREAICE > TEE
THoD0B, ATL IZBWTHZOEEMEDNHRE SN TV D (174), ATL 1,
noncanonical NB DIEMAIC X - TIEFICEME N EVWVREIZZ > TN 5, X
512, noncanonical N&B OiEMHALK T TH 5 NIK 1Z—5HOFRE THIEMHEI L
TEY, LEOEMLICLFEET D 2 ERHMEINTWVSH(0L), Lizid-> T,
noncanonical NkB OJETEILHIEI O FENTIZ ATL, FUBIERICKES < BT 5 &
EZ NS, I T, K TIL. NFkB FREHI(-)-DHMEQ % T, ATL
TIEMEAL L TV 5 noncanonical NF-kB (2(-)-DHMEQ 23 5- 2 2 % RO #ET 21T
V. noncanonical NF-kB OVE MR O BN 21T - 7=,

NF-kB JEMALRRE I, & < DO RIESEDOEMEIL~OFENRE I, BFE
B— sy Mo TWD Y T T IIVRERKE Th D, NFKB 1ML IZEE 55
HARRR IR X BERRE SN TETWDA, FFITHIT Tl canonical NFkB 1%
MEAL AR Tl HOIP/HIOL1L/SHARPINZ.» & 72 % linear ubiquitin assembly complex;
LUBAC (12X % IKKyD = &% F AGHIE O S 41, IKK yD il EIEEAE 2
FEMICAERA S 4 72(89-91) LUBAC DOHEREAZEAIZ L - T, LUBAC DFRZEAIZ Hr
7272 NFkBRHERI L 720 5 5 Z EDRRBE NIz, Flo. UA VARG & Cf
< BT positive feedback: negative feedback %11 % Z & TR ICHIE <
NDMEND DD, BT OIFFEIZ L > T, LUBAC 137 A L ARG DORRD B IR
EINE L U CHER RIG-| OJEMHEL 2 BIZHIE L, B RRESEORIEZIT 5 Z
EN S MM ELT2(A75), — 5. noncanonical NKB #1235\ CTlx, B-cell
activating factor receptor; BAFFRY IKK yFE{KFHYIZ NIK %41 L C noncanonical
NF-kB Z &M b4 5 = & 7R X #v. canonical NFkB & noncanonical NFB 73 51) %
DFIEHEAEIZ L DML LR THDL I ENRBIND L DT> TX7-(88),
S 512, noncanonical NB DiEMALHI# & LT, clAPL/cIAP2/TRAF2/TRF3Z
X% NIK OHIEHERE 2R 5 )M2 72 - 7= Z & T, noncanonical NB @?ﬁ'fﬁflﬁ‘i
FEAZIUW T NIK DSHLEY & B 2 Bl 92 L R & 472(98, 99) il Tl
BARERIEIC L > TA L., U 7 YE T 30~40%F1ET 5 API2-MALT1 Ofitéa % v /%
780N NIK 28]l L, clAPL/CIAP2|Z L 58l 2% 1772 S5 Z L TNIK %
ZEESHE TS Z L 2VREH noncanonical NB OIEMALIEREDS L 0 ZEHIC
T EIIT2(176), NIK, API-MALT1 OFEEEDAEEAIZ L > T, MALT1 BHEHIH
noncanonical NkB D FLE % N RANCITZ D Z E R E T,

VL ED X 912, NF-kB OFHHIEIEE OMERR I, NFkB OB5 T 5 EEDIG
BIZEBRT 27217 Tl FiieRBlEY —7 >y FOERIZEMTEZ S50 TH
LHEEZBND, £ T, RKIETIL, (-)-DHMEQ (2 Xk % ATL MRz T 5
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noncanonical NfkB @ R ZEHAE DO fEMT & noncanonical NFB O R i EIHAE o fi
%z B L CHFFE 24T o 72,
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Fofi EBRFE

2.1 Materials

(1) A

Dehydroxymethlepoxyquinomycin; (-)-DHMEQ LHFIEEICTHAK
Cycloheximide CalbiochenBén Diego, CA, USA) X v A
pepstatin A Calbiochemd v A
MG-132 Calbiochemd v B A
Leptomycin B Alexis biochemicaBan Diego, CA, USA) L v A
(2) vector

pCMV-Tag-2B Stratagenek v A
pPGEX-6P-1 GE Healthcarek v & A
pCl-neo Promegak ¥ & A
N TS

E.coli HB101 competent cell
E.coli BL21 competent cells

(4) Hik

MouseF 41 FLAG(M2)Fi{& F3165
MouseH 3##1 Tubulin(B5-1-2§1{& T9026
MouseH 3#1 p65(F-6)1i& sc-8008
MouseH 341 p5S0(E-10¥i{& sc-8141
MouseH 341 c-rel(B-6)i{& sc-6955
MouseH ##1 RelB X(D-4¥i{& sc-48366X
MouseH 3#H1 GST(B-14y1{& sc-138
RabbitH 1 IkBafi{&(C-15) sc-203
Rabbit 5 31 RelB(C1EA¥LIA #4922
RabbitF5 341 p52(18D10JiiA& #3017
Rabbit 5 31 Lamin A/ICHI{& #2032
HRP #Z:% mouse IgGt{&

HRP#Z5% rabbit IgGHT{A

(5) MAEEE
b b SHEE Sk HeLaffifa -
BN T AR B s MT-1 #88
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Promegal) i A
Promedab A

Sigmak v EEA

Sigmalk v A

Santa Cruxz v A
Santa Cruxz v A
Santa Cruxz v A
Santa Cruxz v A
Santa Cruz v i A
CST- v EA

CSTL VA

CSTL VA

CSTL VA

GE Healthcarek v B A
GE Healthcarek v B A

Riken Cell Bankk v f# A
WRRFEERM L 4tE



2.2 Cell culture
[buffer #HAR]
® C&' Mg*™ =&V EkEE K (PBS)

8.0 g/l NacCl
0.2 g/l KCI
0.916 g/l NaHPQO,
0.2 g/l KH,PO,

® Trypsin-EDTAANR

8.0 g/l NacCl

0.4 g/l KCI
0.0475 g/l NaHPO,
1.0 g/l glucose
0.002% (v/v) phenol red
0.035% (v/v) NaHC®@
0.002% (v/v) EDTA

EREOREEREKIZEI L, pH % 8.0I28E =112 trypsin & 0.075% (v/v)
W25 X 9ITmA 7=,

HelLa MR DO3EE
B1E, F 16 2.3EAESMR,

MT-1 M D#E3#

R L LTI, 10% FEMEi{L fetal bovine serum (FBS; JRH Biosciences,
Lenexa, KS) 200 ug/ml kanamycin, 100 units/ml penicillin G, 6Q@/ml L-glutamine,
and 2.25 g/l NaHC@% & 1¢» Rosewell Park Memorial Institute 164} Hi(RPMI,
Nissuiyz v 72, flifE1X 37°CD 5% CQEFE T DA o FaX—F —NTHEE L,
2~3 HLINIZ—[|], O AZ T 5 Z LIZ X - TR LTz,
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2.3 MBS v N B
[buffer #AAR]

® Buffer A
10 mM HEPES-KOH (pH 7.9)
10 mM KCI
1.5mM MgCb
0.5 mM DTT*
0.2 mM PMSF*
* BRI
® Buffer C
20 mM HEPES-KOH (pH 7.9)
25% (v/v) glycerol
420 mM NacCl
1.5mM MgCh
0.2 mM EDTA
0.5 mM DTT*
0.2 mM PMSF*
* BN AN

FEMTIZ FH N 2 i 2 70% ~80% confluent= 72 %5 & T 37°C ® 5% CQ 54 T D
AU FaX—F—NTHEL, EHZHRMT 570 LTERICHNW, HBitx
frEL. Mg 750 ploo PBST2[EIBEF L, 7 /3—KR U A~ 2 AW THlax
HAL, 15ml~vA 7 a7 A NFa—7ZEIE, 3,500 rpmTiE LykkE LTk
BaRETLHZ L THlaXLYy F&&ET,

FRREIRE 2 X7 B4 E X Andrews Faller 5 O FEOFESE LFD L H 12
TR L 72(169, 170) 3, Mia~<L v MZxt LT, JKH T 200 puld buffer A %
MxTERT 4 72X TlilaZ1Z< LT 155K RICERE L7, £ D,
500xgC 5 i bk L, RiEAEIN L, MiREE S & Lz, BB 400 plo
buffer AZ Nz CTHERE~L > R EENSN, ¥y BT > THlla~ vy b &
buffer 25 L T 15 0 EPK EICEE L7-, 150 aE% ., 500xg T 5 4yl L
WL, RiFZRELE, EEEREL, BE 400 ulo buffer A % h0 2 CHikE
Rl vy NEEBENR Xy 7L > Tilg~< L » k% buffer F 2% L T 15
K BICERE LTz, 150%%E% . 500xgC 5y Mhm Dbk L=k, XL v
cEETZ, ZOEy L MIR LT, 30~50 pulo buffer CEMZ CTEE~SL v b
N, o BT Lo TV Yy k% buffer FIZRRE L T 20 43K I
FE L, ZOK, X\ OISR EZ BT 57205 0BEICX vy e
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7 LTz, 20457k %. 14,000 romT 5 pfEE L L, EiEEH LW\~ A 7 o
TARNFa2—T7IZEWN L, Bt EST-, MidEE S, ERgoX 78
1B % Bradford @& fESEIC K VEIE L. BE % buffer C Tz TEBRICAW
7=,

2.4 Semi-quantitative RT-PCR
[buffer #AAR]

® 10xloading dye

65% sucrose

10 mM Tris-HCI (pH 6.8)
10 mM EDTA

0.3 % (w/v) bromophenol blue

(1) total RNA D HhH

Total RNA D, cDNA 7= VOIERUIFREAEFRA L, Fv 7 RER L%
& T RNase freeDEiE T{T- 7=,

%9, RNA fliH 4 % 4§ 2 60-ml dish (Corning)- 70~80% confluentiZ 72 % %
T 37°C. 5% CQ DM T T2 L, 500l @ Trizol (Invitrogenyx /il %, dish_k
R LERETHH 15 mvyA 7 aT A NFa—TIC AN, ZO#/EL 2 [EiE
VI L T1mlD Trizol IR E57T-, Z D Trizol I8k % 2~3 458 &E L7-1%. 200ul
D7 muRNVAEIMZ, 15 7HEIR CEE L7z, #E%. 4°C. 13,000xgT 15
srffE Ok L. B3E 400 plzBloxT v X KL T7Fa—7128 L, 400 ulo
A 7aR)—LEMz CESIREAELTI05B=EBRICEE L=, TD%. 4°C,
13,000%gT 1047 i 0k RE L7212 B ZFRE L E HIZ70%~= % / — 1180 ul
Mz, 3<I24°C, 7,500xgT 5oLk L T REZRE L, £O%E
20 DEPC/KZMZ T RNA ZIEfE S, 2O RNABERDO—E% 100154 R L
T 260 NMMOWEFEEN S, LLFORIT XL > T RNABE (o/u)EEH LT,

(RNA ) ={ (260 nmW% ) x 40 (ug/ul) x §FRf%=R) /1000

5tV T High Capacity cDNA Reverse Transcription Kits RTpfAied Biochemistry)-
LV, FEEEZIT>70, £ BT OMEOUWEERISER Z M L7,
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10xRT buffer 2
25x dNTPs 0.8
Random primer al
MRNA (0.1pug/ul) 10 pl
RT 5% 1l
DEPC/K 4.2ul
total 2
VT, AR LR ERISE R Z LT OFRETYH —~< A 7 T =20,
WA B S 21TV cDNA 2157,
25°C 10 min
37°C 120 min
85°C 5 sec
(2) PCR
PCRIZ% TaKaRa Taq (TaKaRa, Otsu, Japarij v 7=,
FT. UTOMMORKINEREZHME L, h—~v (7 F7—1Tky ML,
10xPCR buffer 2l
2.5 mM dNTPs 1.6ul
25 mM MgSQ 1.2pl
primer (forward) 1.4
primer (reverse) 1.4l
cDNA 2l
rTaq 0.1ul
DEPC/K 10.7ul
total 20pl
WIZ, LT OFKRMETPCRZ NI, £2, RIGNIZIX Table 60 primer 2 Fv >,

YA 7 VB X ITIEIREN N T T b —
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Denature 94°C 30 sec
Annealing (Tm-5) °C 30 sec | xcycles
Extension 72°C 1 min/kb —
Table 6 Primer sequence used for PCR
cDNA cycle
forward| 5'-AGATTGAGGCTGCCATTGAG
total-human RelH 25
reversgl 5-CGCAGCTCTGATGTGTTTGT
forward| 5'-CAGTCATCTCCCAGCCCATC
totalhuman p52 25
reversgl 5-CTGGCTTGCGTTTCAGTTGC
forward| 5’-TACAAGGATGACGACGATAAGGCC
exo-human RelB 20
reversegl 5-AGGGTGACCGTGCTCAGGGA
forward| 5'-GCTAGCCTCGAGAATTCATG
exo-human p52 20
reversegl 5-ATTGCTTGCCCACCAGACTG
forward| 5’-CAGGCTCCTGTGCGTGTCTC
total-human p63 25
reversegl 5-CTGGCTGATCTGCCCAGAAG
forward| 5’-CCATGGTGGACTACCTGGTG
totalhuman p50Q 25
reversegl 5-CGGATTAGCTCTTTTTCCCG
forward| 5’-GCCCCAAAACTGAGGACAAC
human NIK 25
reversegl 5-CAGGAGCACGTTGTCAGCTT
forward| 5’-CTATGTCAGAACACCGGAGG
human clAP1 20
reversegl 5-GGGTCAGCATTTTCTTCTCC
forward| 5’-GGCCATTGACTTITCTGTCG
human clAP2 20
reversel 5-ACTTGGCATGTTGAACCCAT
) forward| 5'-CTTCGAGCAAGAGATGGCCA
B-actin 20

reverse

5-CCAGACAGCACTGTGTTGGC
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2.5 Vector construction
[buffer #AAR]
® 10xloading dye

65% (W/v)
10 mM

10 mM

0.3 % (w/v)

sucrose

Tris-HCI (pH 6.8)
EDTA
bromophenol blue

Table 7127~ L 7= vectori3 & 1 2 2.7 DO FEICHEL TERLL 7=, £7-. % mutant
& X7 B O3B vectorid overlapff EiEIZ X - T Table 727~ L 7= primer % A
VW2 PCRIZE o TinsertZERL L, 5 1 & 2.7 OIEE & [R5 T vector Tl
FriAF cloning 24T - 7=, 1ERLL 7= vector/IH 1 2= 2.9/ R L2 FIEICHE LD TR
BEREMAEIT-o T,

Table 7 Primer sequence for indicated cDNA cloning

cDNA vector restriction enzymg remarks
_ ) forward| 5'- GGA TCC ATG ACC ACC CCA GGA AAA GAG AAC Bam HI
importin-a5 pGEX-6P-1 -
reversegl 5'- CTC GAG TCA AAG CTG GAA ACC TTC CAT AGG Xho |
forward]| 5’-GC ATG CGC TTGGCC GCC GAG TGC GAG GGC C
RelB(R141A, Y142A)| pCMV-Tag-2H
reversgl 5-G AGC GGC CCT CGC AGJGG CGG CGA AGC GC
forward]| 5’-GAC AAGGCG GCG GCA CGG GGG ATG CCC GAC
for NLS1 mutan
| NL2- CMV-Tag-28 reversgl 5-CCC CCGIGC CGC CGC CTT GTC CAC GCC GTA
_Tag-
ReB(NLSI/NLZ) P 9 forward| 5'-AAA GCA GCT GCG GCA AAG CCG GCC ATC CTG
for NLS2 mutan
reversgl 5-CTTTGC CGC AGC TGC TTT GCT CTC GAT GCC
forward| 5'- GAATTC ATG GAG AGT TGC TAC AAC CCA GGTC Eco RI
P52(WT) PCI-p52(WT) ,
reversel 5'- CTC GAG TTA CGC CCC GCC CCC GCC TCC CG Xho |

Restriction enzyme sites and mutation sites advelihface and initiation/stop codons are underlined
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2.6 GST-pulldown assay

[buffer #AAR]

® [-buffer
50 mM Tris-HCI (pH 7.4)
150 mM NacCl
5mM EDTA
1% (w/v) Triton-X100
1% (v/iv) Protease inhibitor*

* BTN

(1) GST-importin-a5 & — XD {ER
Table 8 IZ/~ L 7= primer # AW THE —F 2.7 OIEO FIEICHE L T
PGEX-importina5 %3 vector z {E&L L, GST-importina5 O K ERER 217 - 7=,

Table 8 Primer sequences for indicated cDNA cloning
cDNA restriction enzymé
S—— forward| 5-TTTTGGA TCC ATG ACC ACC CCA GGA AAA GAG AAC Bam HI
reversg 5-TTTTICTC GAG TCA AAG CTG GAA ACC TTC CAT AGG Xho |

restriction enzyme site in bold face and initigdtop codon underlined

(2) Ml OFR
FEATIZ A 2 #lliE & 70% ~80% confluent” 72 5 % T 37°C D 5% CQ 4T D
AUFaX—F—NTEEL, EFZRMT 570 L TERICHA W, Bt
frE L. M4 750 ploo PBST 2 [EI%EE L, #EEMARIL, 7 3—RU A~ %
FAWTHMiZRA L, 1.5ml~A 27 a7 A MFa—7 2\, 3,500 rpmTiE
DIEBE L CEEZBRET D Z L TR L Y N &5, ISRk
Z 15 mhELTF =2 — 712 AL, 1,000xgT 5 4z b L Clia~<1 v k245

7’9
—o

AR L > M2 300 plod L-buffer 2 A1 30 min on iceT incubated™ % = & CTH]
AL AT o T2 AR AW D L-buffer O &3 H 57> U DR L 7=, 30 minf&i@g .,
14,000 rpmT 5 minizE LPERE L, B2 EX L Cfabm s &7, Miaimy
DR E % Bradford e FfEAIEIZ LV HIE L, L-buffer T 1 mg/mliz& b7,
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(3) pulldown assay
£9°. (1)DETHE L7~ GST-importina5 £ — X% L-buffer T 3 [5] washd" %
Z L TE—XOEE L ATV, REBICE— XY ED L-buffer 2 AN T 50%A 7
V—DbE—X%&ER LT,
WIZ, (Q)DTETHREL L 7= Miai % 200 pliZ 50%A 7 U —@ GST-importinas
% 100 plZz Afu, 4°C C2FFff rotate L7223 54 »F a2 X—F L7z, 1 F 2
— METH%, E—X &m0k L, EiEZFRE L. L-buffer T 3[E B —X® wash
AT o1,
%12, 60 uld 2xsample buffe’e A1 C 98°ChOEt— k7' v 7 T54RE
W52 & TEMMEAZITV, BE—XITHEE LTI /37 E % elute L, Western

blotting sample: L 7,

2.7 Western blotting

il B - =S v'a v

BLl1E, 5

28124, 25 2.6 DEHME,

B W= HUER X Table 9054 T - 7=,

Table. 9 Conditions for antibody-antigen reaction

species Tl e 1st antbody 2tk 2nd antibody 2tk

FLAG | mouse-monoclondl  Sigma| F3165| 1:1000 in 5% mik | 4°C overnight 1:5000 in 3% mjlk =23 1 h

p65 mouse-monoclongl  Santa Crugc-8008| 1:1000 in 5% mik | 4°C overnigt 1:5000 in 3% mjk ==& 1 h

RelB rabitt-monoclonal CST #492p  1:1000 in5% mik  4°C oight] 1:5000in 3% mik| =& 1 h

p50 mouse-monoclongl  Santa Ciuge-8141] 1:1000 in 5% mik | 4°C ovenight 1:5000 in 3% nmjk ==i& 1 h

psz | rabitemonoclonall - oor a9l 19000 in5% miM  4°C overnight 15000 in Bk | =R 1 h

(human specific)

IkBa rabbit-polyclonal | Santa Cryiz sc-203 1:10000 in 5% mik’C ovenight| 1:5000 in 3% mik =EiE. 1 h

GST mouse-monoclongl Santa Cfuz sc-138  1:1000 in 5% mikC @\Vernigh 1:5000 in 3% milk =& 1 h

Lamin A/C| rabbit-polyclonal CST #2037 1:1000 in 5% mik  4°C ogbhi| 15000in3% mid =& 1h

a-tubulin | mouse-monoclongl  Sigma| T9036 1:10000 in 5% vlnilk Z{E 1h | 15000in3% milq =538 1h
2.8 EMSA

il B - =S v'a v

B1E, 5

26125 2.7DHEHME,
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I EBRER
31 MT-1 B i} 5 (-)-DHMEQ @ noncanonical NF-kB #ifil%h 2

ATL HEfECTod 5 MT-1 MEfEIE HTLV-1 BRI L > CHMFEL L7-/la T, Tax
negative DHERLTd 5, ATL TITEFHIZ NF-kB OIEHEIL A STV 5,
Supershift assay (2 & - T MT-1 HERIZ381F 5 NF-kB ORERLK 1 DT 24T - 72,
% NF-kB OFUEZ IR+ % = & T NF-kB @ DNA f&& DZAL Z2HIE L7k 5.
RelB HL{AYIN Tl supershift 73 7 541, p52 FLETRIITIiE NF-kB @ DNA fE& 771
DIE TR R 7= (Fig. 33A), L7=-> T, MT-1 #ifa CiEMH L L T\ 5 NF-kB
I% RelB/p52 % #&RIK+ & 4% noncanonical NF-kB T 2 = & NHER Sz, £
72, (-)-DHMEQ i MT-1 #iE Ci&E (L L TV % noncanonical NF-kB DiEM L% 1
B D ALFREERT 2> O BEE IZFHE L 7= (Fig. 33B), #i\ T, MT-1 Ml oz I
(-)-DHMEQ % #L¥ L | (-)DHMEQ 7% noncanonical NF-kB @ DNA #E& 1252 5 %)
Bl AT o7, TOME., ()-DHMEQ X ALFRIE E (K fEHIIC noncanonica
NF-kB @ DNA f&& % BHE L7-(Fig. 34), = DK, (-)-DHMEQ I% NF-kB & (35
BRBERFCThd Oct-1 @ DNA FEEICITEEBE G X RhoToZl &b,
(-)-DHMEQ 7% noncanonical NF-kB ¢ DNA #5& Z EIRAICIRE L T\ 5 Z L 3%y
Hro 7= (Fig. 34).
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A NF-xB antibodies ®)

3 (-)-DHMEQ

[ = 10 pg/mi

£ g % 2 3 o ng

8 8 «x b a <3 0 1 2 4 (h)

NFxB —>

free probe —> ‘ free probe—> ~

Fig. 33 Inhibition of noncanonical NF-kB activity by (-)-DHMEQ in MT-1
cells. (A) Analysis of NF-kB components activating in MT-1 cells. NF-kB
components of MT-1 cells were analyzed by performing a supershift assay using
the indicated NF-kB antibodies. (B) Inhibition of cellular noncanonical NF-kB
activity in MT-1 cells. Cells were treated with 10 pg/ml (-)-DHMEQ for the
indicated periods, and thereafter the nuclear proteins were extracted and used
for EMSA.
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(-)-DHMEQ (pg/ml) 1 h (-)-DHMEQ (ug/ml) 1 h
0 1 3 10

Oct-1

0 1 3 10
! i ¥ T

x5 binding buffer 4 ul
N.E. (1 ug/ul) 2.5l
(-)-DHMEQ or DMSO 1l
D.W. 13.5 ul

total 20 pl

4°C1h

add 1 pl poly dldC
and 3 ul labeled probe

free probe ——> EMSA

Fig. 34 Inhibition by (-)-DHMEQ of in vitro RelB/p52 DNA binding. Nuclear
extracts from MT-1 cells were treated with the indicated concentrations of
(-)-DHMEQ for 1 h, and the in vitro DNA binding activity was then detected by
using EMSA. The left panel shows inhibition of noncanonical NF-kB DNA binding
activity by (-)-DHMEQ; and the right panel, the result when a control probe,
Oct-1, was used.
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32 MT-1MMEIZIIT B (-)-DHMEQ iZ & % noncanonical NF-kB #pHFDARE
Eft

(-)-DHMEQ i Fig. 33, 34 @ X 9 72 noncanonical NF-kB @ DNA #&& #BLET 5
1 FRFfEALER TN @ totdl RelB &2 IEA L% 5 2 72\ 3, (-)-DHMEQ % 4
ML+ % = &2 X - T noncanonical NF-kB # ALK+ RelB & p52 D & v /37
B L~ TORBIE TN R ON7-(Fig. 35A), —J C. canonical NF-kB %K+
P65, P50 TILT X /X7 B L XL TORBEEITIET L7220 - 7= (Fig. 35A),
semi-quantitative RT-PCR @%*%73”‘9 (-)-DHMEQ IZ 4 T D MLEERF[H C RelB, p52,
P65, p50 @ MRNA Z(ZIIFE% B 2 7e) - 7=(Fig. 35B), & 512, (-)-DHMEQ
1% 4 B AL CALEB ERIFAIIC ReB & p52 DX L X7 B L~V DR BB 4K
T & 7= (Fig. 36A), Z OFF, semi-quantitative RT-PCR O &R 5. (-)-DHMEQ
< RelB, p52, p65. p50 @ MRNA &2 I3 &% 5 % 72/~ 7= (Fig. 36B),

PLEDORERNS, ()-DHMEQ X RelB & p52 # RETEL L TWH EEX, X
X7 B A R BREA cycloheximide(CHX) % AV T CHX-chase assay %17 > 7=, CHX
MBI K> THEX VNI EOEKRE LD, X 2T B D537 D I DM < R
REIZT 52 & C. ReB, p52 & HiTH /7' EE&0ED L. ()-DHMEQ %m@
T5HZLICE - T ReB, p52 DX L /37 B EOB/DEENIES 5k RN 5
Nz, ZOZ &5, (-)-DHMEQ 728 RelB, p52 M # //\7’%@”@#%%@%@6
Z gy ino 7= (Fig. 37) —7J7. (-)-DHMEQ ALEEC & /R 7 E L~ TOFRELN
B> Uipno 7z p65 & ps0 1E. (-)-DHMEQ (2 & 2 % R 7 B ORI R 5
727 1= (Fig. 38),

RETEAL LI XD e LTI T T 7 Y — 2KV
V= AR LTS, £ 2T, ()-DHMEQ (2 X % RelB., p52 D43 fEMN 7
077V —LFEIZY) =L BN L TCWANOBREIToT2, TORE, 7
077 Y — AREA MG-132, U VY — AREH pepstatin A & b 12(-)-DHMEQ
IZX% RelB & p52 OARZELZEIE S EReho7z(Fig 39, L7c2io> T,
(-)-DHMEQ (2 X % RelB, p52 D fRIZ7T a7 vV —2Ah, U Y YV —AFEKERIC
BZ-oTWD I ENGoTz,

VL EOFERN G (-)-DHMEQ 1% MT-1 #lifa 2 %t L . noncanonical NF-kB @ DNA
EEEMETAET TR, RaB & p52 DAL ENEZFETHZ LItk - T
ZhERBIIZ noncanonical NF-kB OIEMEALINEI 21T 5 Z & 33 o T2, T OFEFRIT
(-)-DHMEQ 7% ATL (T~ 2 IE R IZENRAIRIRIEIEIZ R 9 5 2 L 2R T % %
D TdH % (Fig. 40),
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Fig. 35 Destabilization of RelB and p52 induced by (-)-DHMEQ (time-course
experiments). (A) MT-1 cells were incubated with 10 pg/ml (-)-DHMEQ for the
times indicated, and the total cell extracts were then subjected to Western
blotting. (B) MT-1 cells were incubated with (-)-DHMEQ, as described in “A;” and
the corresponding mMRNA expression of each protein was measured by
semi-quantitative RT-PCR.
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Fig. 36 Destabilization of RelB and p52 induced by (-)-DHMEQ
(dose-dependency). (A) MT-1 cells were incubated with indicated
concentrations of (-)-DHMEQ for 4 h and the total cell extracts were then
subjected to Western blotting. (B) MT-1 cells were incubated with (-)-DHMEQ, as
described in “A;” and the corresponding mRNA expression of each protein was
measured by semi-quantitative RT-PCR.
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10 pg/ml (-)-DHMEQ — +

10 pg/ml (-)-DHMEQ — +
0pgmiCHX 0 1 2 4 0 1 2 4 (h 20pgmiCHX 0 1 2 4 0 1 2 4 (h
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C-HUDUIIN S

RelB " s wve o 8% 48 o0
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Fig. 37 Destabilization of RelB and p52 induced by (-)-DHMEQ
(cycloheximide chase assay). MT-1 cells were treated with 20 pg/ml
cycloheximide (CHX) and 10 pg/ml (-)-DHMEQ for the indicated periods. Total
cell extracts were subsequently subjected to Western blotting and detected
indicated proteins. Protein amounts were quantified by using Image J. Open
circles indicate CHX treatment, and closed circles denote CHX and (-)-DHMEQ

treatment.
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20pg/miCHX 0 1 2 4 0 1 2 4
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Fig. 38 Effect of (-)-DHMEQ on p65 and p50 stability (cycloheximide-chase
assay). MT-1 cells were treated with 20 pg/ml cycloheximide (CHX) and 10
pg/ml (-)-DHMEQ for the indicated periods. Total cell extracts were subsequently
subjected to Western blotting and detected indicated proteins. Protein amounts
were quantified by using Image J. Open circles indicate CHX treatment, and
closed circles denote CHX and (-)-DHMEQ treatment.
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pepstatin A - - - - 1uM 10uM

MG-132 - - 1uM10uM - -
(-DHMEQ - + + + + +
RelB

Fig. 39 (-)-DHMEQ-induced RelB/p52 degradation does not mediate
lysosome or proteasome. MT-1 cells were pretreated with indicated
concentrations of acid protease inhibitor, pepstatin A, or proteasome inhibitor,
MG-132 for 1 h and then 10 pg/ml (-)-DHMEQ for 4 h. Total cell extracts were
subsequently subjected to Western blotting and detected indicated proteins.
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RelB/p52 DNA bindnig inhibition RelB/p52 instability induction
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noncanonical NF-kB inhibition

(-)-DHMEQ may be a novel chemotherapeutic agent for ATL

Fig. 40 Inhibitory mechanism of noncanonical NF-kB by (-)-DHMEQ in MT-1
cells.
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3.3 noncanonical NF-kB ® DNA #E&BEDEZEHE~DEFE

3.2 THT/R L72(-)-DHMEQ IZ X % noncanonical NF-kB D RZ2EADOFEEN
(-)-DHMEQ 7’ RelB IZfEE L7122 EIZHERE L TV D B DDOBET 21T 5 72912,
HelLa #ifiaiZ ReIB(WT) 7213 RelB(C1449)% p52 & HFEH X+ T(-)-DHMEQ ™
RO AT 72, TOFER, RABWT)/P52 &R H X ¥ 7= HelLa #iE Tk
(-)-DHMEQ ML (Z L »> T RelB & p52 O fENFEIND DKL,
RelB(C144S)/p52 i % B MR Clix. (-)-DHMEQ IZ X % RelB & p52 Oy fiRidiE
Z 5o T=(Fig. 41), L7225 T, ReB & p52 D43 fii%(-)-DHMEQ 7% RelB (2
EETH LI THEINTND I ERHLNE ST,

Fig. 30, 34 IZ/R L7 & 912, (-)-DHMEQ 23#% A L 7= noncanonical NF-kB % DNA
fEAREA L D, & Z C, noncanonical NF-xkB @ DNA 5 & BHLE 2 RelB & p52 DA
LZENDRR & 72> T D& FET L2, Rd family @ DNA #& & domain /X RHD
DOHFICHFEL, BVHEREMEZHED., ()-DHMEQ DfE& 35 Cys ICHiET 27 2
J B2 Rl family % "7 BN TEEICRTE STV A (Fig. 42A), £72, p52 @
54Arg & 55Tyr @ Ala ~DZE EAK p52(R54A, Y55A)F L (8, p65 @ 35Arg & 36Tyr
D Ala~DZEFEAK pe5(R35A, Y36A)IZ DNA fEAREAZ L9 Z L NME SN TEY
(177, 178), ZiL 5 2 5® Arg & Tyr 32 To Rd family THRIFE S LTV 5 (Fig.
42A), F7-. Fig.42B (2R L7= KL 912 RelB 28 DNA ([Zf& T 5 BRIC 1T 141Arg &
142Tyr | % 144Cys & 3|2 DNA OEFIZHFEIE L., KEREEEZFHK L TND, Z0O
ZEbh 141Arg & 142Tyr S DNA BRI E S TEHETH L EEZEX NS, £
Z T.RelB @ 141Arg & 142Tyr % Ala~7Z % X 7= RelB(R141A, Y142A) % Hela
MAmIC ps2 & R X T ReB(WT)/p52. RelB(C144S)/p52. RelB(R141A,
Y 142A)/p52 ® DNA FEBBED B 24T - 7=, EMSA Of5 5%, ReB(WT)/p52 12tk
~ RelB(C144S)/p52 Ti% DNA fE& 1 D582 B 5, ReB(R141A, Y 142A)/p52
TlX DNA & N3 5221272 < 72 > 7= (Fig. 43),

T, RelB(WT)/p52. RelB(C144S)/p52. RelB(R141A, Y142A)/p52 % Hela
AT 3 B & T4 RelB/p52 heterodimer OB DRENT 21T o 7=, Z DFER,
RelB(R141A, Y 142A)/p52 % HelLaffaiZ 3B S 72812, RelB, p52 & $ 124
VRITBURLVTORBEEN DL 2o Tz (Fig. 44A), = O HE,
semi-quantitative RT-PCR OFEE 25 mRNA &L~V TORBEEOZEITIR 572
3o 7= (Fig. 44B), % Z T, ReB(R141A, Y142A)/p52 D % 737 B L~ L T DI
MR R EDREENICIERT 2 DO fEt &2 CHX-chase assay 12 L D 1T 7=,
Z DOfE R, ReB(WT)/p52. RelB(C144S)/p52 (2t~ T, RelB(R141A, Y142A)/p52
ZAEH IG5 L ReB, pS2 :LIC X L 87 EOEFHINEL 20 . REENN
R STV =(Fig. 45), & HIZHIBREWVZ &2, ReB(WT)/p52 1ZkEXT DNA
f& & 1DV RelB(C144S)/p52 Z BB I 5 &, RelB, p52 & HIZZEMEN
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mELTWDZ EngmoTlz(Fig. 45), L7=23-> 7T, DNA fEEEE L ReB & p52
DEEMIIIEMENRND D Z E N gnoT,

VI EOFERN S, DNA fEAGREE k72 ReB & pS2 IIRLZELEND Z L)
AL E o T,
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Fig. 41 Involvement of 144Cys of RelB in RelB/p52 instability induced by
(-)-DHMEQ. HelLa cells were transiently over-expressed FLAG-tagged versions
of RelB (WT) or RelB(C144S) together with wild-type p52. The cells were treated
with 30 pg/ml (-)-DHMEQ for the indicated times, and the total cell extracts were
thereafter subjected to Western blotting.
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(A) 38
p65 RFRYKCEGRSA

ReB RFRYECEGRSA
¢Re RFRYKEEGRSA
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Fig. 42 Involvement of 141Arg and 142Tyr of RelB for DNA binding. (A)
Sequence alignment of Rel family proteins, RelB(C144S), and RelB(R141A,
Y142A). Sequence homology was analyzed by ClustalW. * means conserving
amino-acid sequence completely in all proteins. (B) Three-dimensional structure
drawn by MOE of RelB/p52/DNA complex (PDB: 3do7, left) and hydrogen-bond
interaction of Argl4l and Tyrl42 with DNA (right). Detected hydrogen-bonds
were described as dotted-lines.
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Fig. 43 141Arg and 142Tyr of RelB are essential for RelB/p52-kB DNA
binding. RelB(R141A, Y142A) does not bind to DNA. Hela cells transiently
over-expressed FLAG-tagged RelB(WT), RelB(C144S) or RelB(R141A, Y142A)
together with wild-type p52. Nuclear proteins of the transfected cells were
extracted and assessed by EMSA (tops). The expression of each protein was
detected by nuclear extracts (NE) Western blotting (bottom left).
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Fig. 44 Involvement of DNA binding activity for RelB/p52 stabilization.
Decreased RelB(R141A, Y142A) stability in cultured cells. HeLa cells were
transiently over-expressed FLAG-tagged forms of RelB(WT), RelB(C144S) or
RelB(R141A, Y142A) together with wild-type p52. The proteins (A) and mRNA
(B) levels were detected by Western blotting and semi-quantitative RT-PCR,
respectively. The exo-RelB and exo-p52 mRNA was detected by using specific
primer which only recognized exogenous mRNA.
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20 pg/ml CHX
0 2 4 8 (

FLAG-ReIB(WT)/p52 MlS S s =
100 78 75 15

FLAG-RelB(C144S)/p52 WS wmm e = | |B:FLAG

100 91 75 33
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FLAG-ReIB(WT)/P52 s s s s
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FLAG-RelB(C144S)/p52 S summs s s
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IB:p52

FLAG-RelB(R141A, Y142A)/p52 s s v
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B RelB(C144S)/p52
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@ RelB(WT)/p52
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A RelB(R141A, Y142A)

0 2 4 6

Fig. 45 Involvement of DNA binding activity in RelB/p52 stabilization
(cycloheximide-chase assay). HelLa cells were transiently over-expressed
FLAG-tagged versions of RelB (WT, closed diamonds), RelB(C144S, closed
squares) or RelB(R141A, Y142A, closed triangles) together with wild-type p52.
The cells were treated with 20 pg/ml CHX for the indicated times, and the total
cell extracts were thereafter subjected to Western blotting. The protein amount
of RelB (top) and p52 (bottom) was determined by ImageJ.
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3.4 HIBE'ERTEDS noncanonical NF-kB DR EME~E- 2 5 i

NF-kB DOIEMALHIEIZ B W TE~OFREIIFEFICEETH L, £ 2T, Mia
N C D RTEDS noncanonical NF-kB OJEMHEALHIENZ 5 2 5 R OMFT 21T - 7=,

RelB/p52 7> & 72 % noncanonical NF-KB D %171 importin-a5 7% RelB @ 2 -5
D NLS #3895 Z LIIKGFET 5 Z ERHE I TV 5 (109, 110), 7=, RelB
D 2250 NLSIXFig. 46A DL ) RERLEANTHZ L THRIESERSTHZ L
MTEDHZEHERINTUVSH(109, 110), & Z T, ReB(NLSL/NLSZ; K410A,
R411A, K412A/ R434A, R435A, K436A, K437A)/p52 % HelLa MifiniZ 38 X C
RN Z AT o 72, T DR, ReB(NLSLI/NLS2)/p52 ZiLFEH XE 5 & ReB, p52
EBIZH R TE LV TORBEEDIKT L7 (Fig. 46B), Z OFF, RelB, p52
& HIZMRNA LU TORBEIZEIL R )N - 7 (Fig. 46C),

N T, RAB & p52 DF L R B L~V TORBEDERTNZ R BEOR
ZEICE DD TH Hh % CHX-chase assay 12 &> THREILTZ, ZOREE.
RelB(NLS1/NLS2)/p52 Z# HFHL S H7-FRIZIZ RelB, p52 & HIZ¥ T E D
BHINELS 720, REBIDNFEEINTND Z EBnh-T-(Fig. 47),

L EDFERNG, BE~BITTE 72\ RABIp52 1347 /R 7 B L~V TRETEIC
H T EMBHLMNE T,
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Fig. 46 Effect of NLS inactivation of RelB on RelB and p52 stabilities. (A)
Sequence alignment of RelB(WT) and RelB(NLS17/2). NLSs of RelB are
underlined and mutated residues are shaded. (B) Decreased
RelB(NLS1/NLS2) stability in cultured cells. HelLa cells were transiently
over-expressed FLAG-tagged forms of RelB(WT), RelB(NLS1/NLS’) together
with wild-type p52. The proteins (A) and mRNA (B) levels were detected by
Western blotting and semi-quantitative RT-PCR, respectively. The exo-RelB and
exo-p52 mMRNA were detected by using specific primer which only recognized
exogenous mRNA.
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0o 2 4 8 ( 0 2 4 8 (h
RelB(WT)/p52 [ S e ReIB(WT)/p52 e s s o
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Fig. 47 Inhibition of nuclear accumulation induced RelB/p52 destabilization
(cycloheximide-chase assay). HelLa cells were made to transiently
over-express FLAG-tagged versions of RelB(WT) (open circles) or
RelB(NLS17/2") (closed circles) together with wild-type p52. The cells were then
treated with 20 pg/ml CHX for the indicated periods, after which total cell extracts
were prepared and then subjected to Western blotting. The protein amount of
RelB and p52 were determined by ImageJ.
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35 (-)-DHMEQ i X 2 BEELBMBRNBEICE 2 5%R

CZFETORBRICEY, XoRTELLT

1) DNA fE& L 720> noncanonical NF-KB N RNZEEIZ T2 D

2) 14T L 72\ noncanonical NF-kB 23S RZEIC 72 5,
ZEEBIBMNTLIZA, DNA FEEICEE 144Cys & AT 2495 NLS1X
1 RIEERY, 3 HEER) & B IZBEN T LEBICIFE L T\ 4 (Fig. 48), £ Z T, DNA
EENHENBEICEZ DR ORMEITo 1=,

%9, HeLa a2 RelB(WT)/p52. RelB(C144S)/p52. % HFEH X+ (-)-DHMEQ
ZALER L 7= D 52N Western blotting 12 & ¥ . (-)-DHMEQ 2Lz J 5 RelB. p52
DENEOEAZENT LT, £ ORES. (-)-DHMEQ (T X - T RelB(WT)/p52
BN Tl RelB & p52 OZFTENLE Sz DIkt L, (-)-DHMEQ 2354 T
x 72\ RelB(C1449)/p52 F H AR Tl (-)-DHMEQ % RelB & p52 D% JRTE # [HLE
L7enro 7 (Fig. 49), RelB(C144S)/p52 # B T D p52 D (-)-DHMEQ IZ X % 55
W BTERLE T RelB(C144S) LIk & dimer ZTERL L T\ 5 pE2 DEETH H L&
bbb,

RelB/p52 DZFAITIZIE importin-a5 & OFE &N EE TH 5 (Fig. 50A; 109), < =
T. (-)-DHMEQ 7’ RelB/p52 & importin-a5 & OFEEIZE 2 5B OH 247 -
72, HelLa #fiZ RelB(WT)/p52. RelB(C144S)/p52, % ¥ X, (-)-DHMEQ
ZALHE L 72 D HIC GST-pulldown assay & L 0 T 21T o 72, € DR,
(-)-DHMEQ#LFEIZ L. » T RelB.p52 & |2 importin-a5 & OfE& &3 L 7= (Fig.
50B),

NF-kB O fi i &E /£ N B TE I X importin 12 X 2 BT &K Iz
CRMVexportinl |Z X &AM EHRERE & #HE ST\ 5 (111), £ Z T, (-)-DHMEQ
12X % RelB, p52 D&% BTEEN CRM1 IZ L A EAMEHRIBICHE 2 5 2 T
L0 a2 1T > 72, CRM1 [HEH leptomycin B (LMB)ZBiIZLEE L, (-)-DHMEQ
L U 7= I 24TV BN Western blotting 1T - 72, £ DfE%. CRM1
I L DEAMEE NSRS STV D IkBads LMB ZLFRIC L » THEE~ZfE L. ReB
& pS2 DEENEHE T LI-(Fig. 51), L2>L. LMBIX, (-)-DHMEQIZ X%
RelB & p52 O BEMENRICITEEL 5 X -7 (Fig. 51), L7=h-> T,
(-)-DHMEQ (2 X % RelB & p52 O BIEMEIZIL CRML 12 X DA M EHRR R D
EHALIZEES L CWARWZ ERBAL N E R T,

iV T, HeLa fifid|c RelB(WT)/p52, RelB(C144S)/p52, RelB(R141A, Y 142A)/p52
Z I X MIRE fraction &AZMN fraction (ZHIES HI 24T - 7= 12 Western
blotting |2 & VMl RTEDRENT 21T > 7=, ZDfESR. ReB(WT)/p52 1ZH~T
DNA fE& 71058 < 72 %5 RelB(C144S)/p52 Tl RelB, p52 & & IE~D REEE
DNHEEAN L T /= (Fig. 52), —J7 C. DNA f&E& 1 %&£ 7- 72\ ReB(RI141A,

98



Y 142A)/p52 1% RelB. p52 & 12 ReIB(WT)/p52 IZ X THEA~D FTEEN D L T
V7= (Fig. 52),

&IZ, RAB(WT)/p52. RelB(R141A, Y 142A)/p52 % & 5 < €72 HeLa fifm o
lysate % Fi\ . GST-pulldown {2 2 ¥ RelB(WT)/p52, RelB(C144S)/p52., RelB(R141A,
Y 142A)/p52 @ importin-a5 & OFEEBED B 1T > 7-, T OfER. ReB(WT)/p52
IZHe, DNA ([ZfEA T& 720 RelB(R141A, Y142A)/p52 & importin-a5 & D&
EMET LTS Z Enggino7-(Fig. 53),

U E®D HeLa Mifldz AW/ BBEIFHEBHOMER)N S, ReB O DNA fEGHED
noncanonical NF-kB D /STE & importin-a5 & OFESZHIE L T\ 5 Z &2 5
7R o T, BRI, MR TESEAIIZTEME LTV % noncanonical NF-kB (235
WT ., DNA FEARED noncanonical NF-kB O #lIfiRN JH7E & importin-05 & OfEA
ZHIE L TV D h0mEt 21T o7, Fig. 33, 34 TT TR LZL H1C, MT-1 4
F& Ci% noncanonical NF-kB 2MEFRIIZTEMEL L TH Y | (-)-DHMEQ LIz L -
T noncanonical NF-kB @ DNA FE&IFHREEIN S, =2 T, MT-1 Mz
(-)-DHMEQ % ZLFE L . 43 H Western blotting 33 & U8 GST-pulldown assay %17 > 7=,
ZOfER. (-)-DHMEQ % 1 FFLEET 5 Z &L T, RelB, p52 & & ([CALER R FE K
FRICERENEE S, MRERE EE S iz (Fg 54A), F7-.
GST-pulldown assay D#EHE, (-)-DHMEQ /% importin-a5 ~® RelB, p52 Dt & &
Z WD S 7=(Fig. 54B, C), L7=73- T, DNA & HEIZ X % noncanonical NF-kB
OFIANRTEHIE & importin-a5 & OFE A HIEERE X MIEN TEFBICIEED
L TV % noncanonical NF-kB TH LT 5 Z &R STz,

Pl k. 3.1-35 (T L72fERIC L VW . ReB @ DNA binding domain 73 noncanonical
NF-kB DM K% N D IFAE D M1 X OV importin-o5 & @ affinity Z fl#4 2 =
& C. noncanonical NF-kB DZE M % #ilfHl 3% & v 9 #r7= 72 noncanonical NF-kB
OFIEERE DA 50 & 72 5 72 (Fig. 55), & 512, RelB @ Argl41Ala, Tyrl42Ala 2

H.1Z X - T noncanonical NF-kB @ DNA fEE&MNZRIZEDLNT-Z LD,
noncanonlcal NF-kB DOiEMEALHIENIC I 144Cys 35 KO8, 141Arg. 142Tyr 73 5FIZ &
LCTHDHIENRHALNIT T,
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( A) 144Cys

|
LZ Lm m LZ :Leucine zipper
/ /\ RHD : Rel homology domain
NLS : nuclear localization signal

T34 435 436 437

KRK  RRKK,

(B) NLS site —(” )
(410-437)
p52 (223-329)
RelB (277-383) e

RelB (88-276)

Fig. 48 144Cys and NLS of RelB does not exist near. (A) Primary structure of
RelB. (B) Three-dimensional structure of RelB/p52/DNA (PDB: 3do7). NLS site
(red) may locate RelB (277-383; green) neighboring domain.
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RelB(WT)/p52
RelB(C1448)/p52

mock

(-DHMEQ — + — + — +

100 30 100 94

100 34 100 63

Fig. 49 Inhibition of RelB/p52-kB nuclear accumulation by (-)-DHMEQ. HelLa
cells were made to transiently over-express with FLAG-tagged forms of
RelB(WT), RelB(C144S) or RelB(R141A, Y142A) together with wild-type p52.
The transfected cells were incubated with or without 30 pg/ml (-)-DHMEQ for 1 h,
and the nuclear proteins were then extracted and used for Western blotting.
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Fig. 50 (-)-DHMEQ decreases the affinity of RelB/p52-kB to importin-a5.
HelLa cells were made to transiently over-express with FLAG-tagged forms of
RelB(WT) or RelB(C144S) together with wild-type p52. The transfected cells
were incubated with or without 30 pg/ml (-)-DHMEQ for 1 h, and total proteins
were extracted. The extracts were incubated with glutathione sepharose-bound
GST-importin-a5 for 2 h at 4C. Glutathione sepharose-bound proteins were
dissolved into 2x sample buffer and analyzed by Western blotting.
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Fig. 51 Inhibition of RelB/p52 nuclear accumulation by (-)-DHMEQ does not
export system. HelLa cells were
transiently over-expressed FLAG-tagged RelB(WT) together with wild-type p52,
pretreated with or withnot 100 ng/ml LMB for the indicated times and then
incubated with 30 pg/ml (-)-DHMEQ for 1 h. Nuclear proteins were used for

depend on CRM1/exportin nuclear

Western blotting.
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Y142A

Fig. 52 R141A, Y142A mutation of RelB decreases nuclear localization of
RelB/p52. HelLa cells were made to transiently over-express with FLAG-tagged
forms of RelB(WT), RelB(C144S) or RelB(R141A, Y142A) together with
wild-type p52, and thereafter fractionated into cytoplasmic and nuclear fractions.
The nuclear/cytoplasmic ratio was determined by ImageJ and show as bar
graphs.
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RelB(R141A, Y142A)/p52

RelB(WT)/p52

BLANK

FLAGRelB s

GST-pulldown
GST-importin-o5 S S S

FLAG-RelB e nput

Fig. 53 R141A/Y142A mutation of RelB decreases the affinity to importin-a5.
HeLa cells were made to transiently over-express with FLAG-tagged forms of
RelB(WT) or RelB(R141A, Y142A) together with wild-type p52, and thereafter
extracted total cell lysate. The total cell extracts were incubated with glutathione
sepharose-bound GST-importin-a5 for 2 h at 4C. Glutathione sepharose-bound
proteins were dissolved into 2x sample buffer and analyzed by Western blotting.
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(A)

()-DHMEQ (ug/ml) CE NE
1h 0 1 3 10 0 1 3 10
RelB T e - ———
p52 . ——
Lamin A/C — . ——

a-tubulin N S

-)-DHMEQ (ug/m|

RelB " s - -

P52 e w | total cell lysate
3 tUbUIIN  —

(B) (C)
(-)-DHMEQ 10 pg/ml (-)-DHMEQ 10 pg/ml
1h — + 1h — +
RelB  w - = P52
GST-pulldown GST-pulldown
GST-importin-ab = s s GST-importin-o5  w— s
RelB s s  input p52 e input

Fig. 54 Inhibition of RelB/p52 nuclear translocation and induction of low
affinity to importin-a5 by (-)-DHMEQ in MT-1 cells. (A) Inhibition of
noncanonical NF-kB nuclear accumulation by (-)-DHMEQ. MT-1 cells were
incubated with (-)-DHMEQ for 1 h, and thereafter separated into cytoplasmic
extract (CE) and nuclear extract (NE) fractions. Each fraction was used for
Western blotting. Expression of each protein in total cell lysates was also
detected. (B) (-)-DHMEQ reduced the amount of RelB binding to importin-a5.
MT-1 cells were treated with or without 10 pg/ml (-)-DHMEQ for 1 h and then the
total cell extracts were incubated with glutathione sepharose-bound
GST-importin-a5 for 2 h at 4C. Glutathione sepharose-bound proteins were
dissolved into 2x sample buffer and analyzed by Western blotting. (C)
(-)-DHMEQ also reduced the amount of p52 binding to importin-a5. MT-1 cells
were incubated with (-)-DHMEQ and analyzed, as described in “B”.
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\\ / p—, /‘( \‘, H_ow affinity

(p52._RelB__> B _ to importuin-a5

@ Degradation of ‘:\p’SVZJ_AB_e_IEJ
= noncanonical NF-xB “importin-a5
@_ ST -7 cytoplasm
cytoplasm
]
nuclear Cytoplasmic/nuclear @ " RelB nuclear
@ equilibrium change
kB
s | | |« |

L— |

RelB lost DNA binding activity

Wild-type RelB expressing cells
expressing cells

Fig. 55 A novel regulatory system of noncanonical NF-kB activation.
Conformation change of RelB decreasing DNA binding activity results in
degradation of noncanonical NF-kB by specific protease via the cytoplasmic
translocation by the cytoplasmic/nuclear equilibrium change and low affinity to
importin-ab.
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3.6 (-)-DHMEQ T X% NIK ol s

noncanonlcal NF-kB OVEMEIZIEINIK ZEETHLH28, NIK X Fg 11D XD
IZ AP IZ K B 0%\ 5 L Wo TR e 5, LavL., clAPL, clAP2 i
{2 NF-kB ™ target gene TH L5772, NF-kB Z#ifil3 5 Z & 1% clAPL, clAP2
DFBEZIET I, fERELTNK ZLENFRESENH Y | Fig. 56A O XL 9 72
positive feedback DIFENTIE S5, £ Z T, MT-1 HHIEIZI5\ T NF-kB fAE
12X 5 clAPL, clAP2 OFREBUKT & ZucfthE L 7= NIK @%ﬁft}: V9 positive
feedback 73 & % DMRFEZ 1T > 7o, £ DOFEFR, Fig. 56B (2~ L7z & 912, (-)-DHMEQ
JLERIZ K> T clAPL, clAP2 & £1Z mRNA U~ L CHREEL D ézmio E/N
BLBRIEVNZ & 12, NIK O mRNA L~UL ORI L=, NIK OZfEIfE-
T.NIK ® mRNA EBRNFE SN D Z 1T NIK BIEA NIK ORI EFHET S,
positive feedback #t&E 4 H L CTU 2 AIREM: 2 /R Té?b@f&’oé S HiZ, Fig.
56C @ X 912, (-)-DHMEQ ZLH (2 L » T NIK OERBI MR SN-, LT - T,
Fig. 56A @ positive feedback DIFTENRIE ST,
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(A)

CclAP1/2) 0
N2 s b’“’(/\
(RN

Gy,
clAP1/2 expression (\U_bq/(/})g((/[,;
by NF-«B inhibition ~=Up)

K48aEXxF ik
NIK
stabilization

()
l

P

NF-xB activation

(B)
10 pg/ml (-)-DHMEQ

0 1 2 4 (h)

NIK -

o-tubulin s s s

(C)
10 pg/ml (-)-DHMEQ
0 1 2 4 (h)
NIK
clAP1
clAP2
B-actin

Fig. 56 Possible positive feedback mechanism of noncanonical NF-kB via
NIK stabilization. (A) Possible positive feedback loop of noncanonical NF-kB.
(B) (-)-DHMEQ induced NIK stabilization. MT-1 cells were incubated with
(-)-DHMEQ, as described in “B”, and the total cell extracts were then subjected
to Western blotting. (C) (-)-DHMEQ inhibited clAP1 and clAP2 mRNA
expression. MT-1 cells were treated 10 pg/ml (-)-DHMEQ for indicated times and
the corresponding mRNA expression of each protein was measured by RT-PCR.
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EAE BE

AWFFEIZ X - T, (-)-DHMEQ IZ noncanonical NF-kB @ DNA #&& #FHET 5
7217 T72 <, noncanonica NF-kB D RZELZFHEET HZ ERHLNITR T,
& 512, Fig. 392" L7= & 912(-)-DHMEQ IZ X % noncanonical NF-kB ™43 fi#i %
FaTrr V=5, VY Y—LIEERENEZ > TWHZ EER LT, £, Fig.
A7\ R L2k 91T, B~B4TTE 72\ noncanonical NF-kB N3RS 5 Z & h
5. noncanonica NF-kB O3 fiEITMifaE CEIZE Z >~ TWbd EEx bbb, Fig.
57A 12~ L7 L 912, RelB [ 3MIfRE T pl00 &£k 4 72 domain C interaction 3~ %
ZEizkoTdimer AL L TWW5, ReB @ N KAl 7 2/ F&lX p100 @ C
KL RelB D leucinezipper IC L » T U b EEE L5 2 L TEELL TV D
23.pl00 78 pS2 ~7' T T Y — K K D IRENREE Z T D & ORI Fig. 57B
DX RBEINIZ DI/ D, @E., Fig.57B O X 5 72 ReB/p52 72672 % dimer
IRECNCEEICBITL CDNA ICRA T2 2 L CREILT D EE X2 DND0,
Ja/E ClX DNA O X 5 2B VRF DW= O RETENN L, RSN b EEZD
N5, &5, MT-LHIAE T pl00 1XiE & A B ST, p52 DIE THEEL T
BY., (-)-DHMEQ 7 MT-1 HHAZIZ I W THEALIZ ReB D ARZEELEFHE L TV 5D
Z &S, ()-DHMEQ 2 X % ReB & p52 D ARZELIL RelBIp52 DI 72 - 7
noncanonical NF-kB @ heterodimer EIRFJICHEAETHZ & TR I~ TWnWH LEEZ
bILd, THETIZ, NFkB DFHEICED RAB DX /X7 B L~ )L TORTR
RelB O4fiREEsE & L Chalt MALT1 OB R HE S N72(179)2, D X 5 2k
RED RelB 53 L TN 57370 & OFEMI 2B I IR S TunZe v, RAFZEIC &
V. ()-DHMEQ ZLFE, F7-1% mutation (2 X > T DNA fEALESCEREDMNE
EHE IS L RAB ONENFHFEIND &) R, RIERMHLENZ N
RelB O3 & DIEITIC KX S BT 5D ThH EEX DD,

(A)

Fig. 57 Multiple domain interaction of RelB with p100 or p52. (A) Multiple
domain interaction of RelB and p100. LZ; leucine zipper, DD; dimerization
domain, NTD; N-terminal domain, ARD; Ankyrin repeat domain, DeD; Death
domain. (C) Structure of RelB/p52 heterodimer.
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Noncanonical NF-kB OiEMALIZIE NIK OZEFENEE CTH 523, Fig. 56 1[I L
72 & 912 MT-1#AEIZ B\ C(-)-DHMEQ AL 2 & 5 NIK o Z /2 R 541, Fig.
56A @ X 9 7 noncanonical NF-kB ¢ positive feedback 1#4# DO 1F1EN RIR X 7=,
Introduction MIE T H IR ~72 K 912, BEFD NF-kB [HEHKIL IKKBOAER TAK
DOIEREICELDHLONREZ, ZO K 9 703X, Fig. 56A D X H 72 positive
feedback 23ME) < BRIE T Tl BIEMENT S NFkB IZ X > T, REICHEDIRE
KN, NF-kB (ZxF7 D B RZRMENRITIRELRNWEEZX BND, Zis, ATL
DTHAIROEBIZR > TWHRKEREE X BLD, —F. (-)-DHMEQ % ATL #f
@123 T noncanonical NF-kB @ DNA #&& ZHET 57217 T < . EREDMH
% X 512 noncanonical NF-kB @ % L X7 B L~ L TREENT D, (-)-DHMEQ
I% noncanonical NF-kB DR ZE(LEEEZNFIC L - T, Fig. 56A ? X 9 72 positive
feedback DTFE T T NIK OZEFENNE Z Y | IKKaDTEWALNE Z 72 & LThH,
IKKaiZ & » TiEME(L & 45 noncanonical NF-kB 45+ B K & 53 g ~FE T 572,
NF-kB #2#E O FEMH L A PAETE 5 & B 2 b5 (Fig. 58),

Vb X 5@ 875, ()-DHMEQ A% noncanonical NF-kB D% EAl % 35 &
T 5 Z LiL.(-)-DHMEQ 2 ATL °H & _—
FafE PR B 72 £ @ noncanonical NF-kB 73 (ompi2) G
g < BI G- T D EBICK LT, BIFEFAIIC  aarir expressionnv?\qbgﬁ,{%éjp@
NF-KB %[BT 5720 T, FhEE )
b3 % NFkB fHEZ &, EHIICA

K481EFF AL

T LRI NFRBZIET 5 = L& s
AREICT DL FEZX BN, (-)-DHMEQ @
DD XD REFIT, ATL B CRE
BAIZxE L C(-)-DHMEQ 23 %h A7 %
/ﬁ?ﬁ%ﬁiiﬁ @ 5 }:) Z k %3@ < %uﬁﬁ—é ‘/;;;\(";;I‘B\\ Induction_of RelB/p52
PR TR .’ degradation by (-)-DHMEQ
HDTH D, N

E72. NIK Ol S 13 72K A2
72 8% < | Fig. 56A (27 L 7= positive
feedback DIEHE DAZER 4,2 . NIK D Fig. 58 Possible inhibitory mechanism
B EEAE FRAT 12 b (-)-DHMEQ 1Tk & of noncanonical NF-kB positive
CHE#M X kémThsr LB feedbackloop by (-)-DHMEQ.
no,

AN L > THL NI/ 572, RelB @ DNA f## domain 3 noncanonical
NF-kB D5l N BTE & 22 EME & I3 2 & 9 noncanonical NF-kB IEHEAL DT
LRI BEIERAE 1L, ATL 0B SRR B0 & OFHETER B O BRI LRREART IO L
RESEBMERLI LD THDL EEZ DN D,

(-)-DHMEQ treated ALT cells

111



112



3 E
NF-kB [HZE# 9-methylstreptimidone F& L&D

EEIEEAEEI 3 L OV NF-kB IEMHEILIZ 5 2 5205






1 Fam

WAEY 2 IRICHTEED ) b BRI S 7= NFB FLEA| 9-methylstreptimidone
I3, BHFFEEIZEBN T, LPSIZ K> TEE SN D NO EAZIH 52 LT, ~
rm 7y —VOIEHRCERET S22 & 72, ATL MIRITEIRAIZT AR F—
A Z BB 5 2L N STV 5 (165), 9-merthylstreptimidone Z D X 9 7%
PE1X. 9-methylstreptimidones 3~ V72 HIRIEA]. FUBANZ/R Y 5 5 2 & 2R
LTW5%, L2xL. 9-methylstreptimidoneX Kk 0s 5 DULENFEFIZD 7L, &
LR CTH 7720, NOFELEZIZEL LIt AT V —=2 7 OfER, e~
U ¥ AbEH DTCM-glutarimide 23 & & v 7=,

DTCM-glutarimide /X~ 7 A~ 7 1 7 7 — VEABIEE RAW264.7 fifgl2 350 T
LPSIZFFE S D NO FEAZBALICHNHI L, LPS MR TIE, c-Jund U
Felb 2435 2 & TERER T AP-1 OZZEE & M3 5,

F 72, DTCM-glutarimideld NO EEAEHNH| DIZH>, T MIEEZHE T 52 &0
BE Y VRN, B EBRICEB W T~ U ALBHEET T VT 5 G HEEN
JGEEL, gaft EF2mESE 2R ELE, UED X oI,
DTCM-glutarimide XN 7= FIRIETE M Z R > TV 5203, £ O EMIER L OE
B F I B STV RV, 72, DTCM-glutarimide iZBk 2388 < . 7K
WHEICRESEND 5,

ABFFETIE, 9-methylstreptimidondE LA D NO FEAPRE 4 fatF (T ETEEAE
BB XL NFkB iEMALICE X 2 ROBET 21T 9 L :®IT, IRIEWE
DTCM-glutarimide D il /E FHBERE O fEMT 217 - 72,
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Fofi EBRFE

2.1 Materials

(1) A

Dehydroxymethlepoxyquinomycin; (-)-DHMEQ LHFIEEICTHAK
DTCM-glutarimide BERBR A TR LUFFEEIC TERK
9-methylstreptimidone (epimeric mixtugfE & 2K F L FRL 78 [LIBFEE I TE AL
EO-347, 348, 349, 350 BER AR A FR T I = TE K
(+)-streptovitacin A BALKRFRFP B FAFERNE HIFE EHSR 512 X0 Ak

(x)-4,a-diepi-streptovitacin A
HALRFRFBE R P FERHE HIFE EHEREE 512 L0 &K

AP-01, 02, 03 HALRFRFLLEFHERNE HEE RS 512 XY ARk
AK-01, 02 HAL R FRFLLEFHERNE HEE RS 512 XY ARk
(4) ik

MouseF 41 Tubulin(B5-1-2¥1{& T9026 Sigmalk v B A
MouseH 41 p65(F-6)i{k sc-8008 Santa Cruz v A
MouseH 3&HT RelB X(D-4)if& sc-48366X Santa Cruz v A
RabbitF 31 RelB(C1E4¥iiA #4922 CSTk v A
RabbitF 341 p52(C-5)1fk sc-7386 Santa Crux v A
HRP#Z:#% mouse IgGt{f GE Healthcarek: v & A
HRPZi#: rabbit IgGHT{& GE Healthcarek: v A
(5) MHRaRR

YU Av I n 77— Uikl RAW264. 7/ D

Riken Cell BankX: v B A
b N T A B AR Jurkati i Riken Cell BankX: v B A
BN T MR A s MT-1 /e HIRKFERFHIERT L0 5
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2.2 Cdl culture
[buffer HAR]
® C&' Mg*™ =&V EkEE K (PBS)

8.0 g/l NacCl
0.2 g/l KCI
0.916 g/l NaHPQO,
0.2 g/l KH,PO,

® Trypsin-EDTAANR

8.0 g/l NacCl

0.4 g/l KCI
0.0475 g/l NaHPO,
1.0 g/l glucose
0.002% (v/v) phenol red
0.035% (v/v) NaHC®@
0.002% (v/v) EDTA

FFEOFRIE % distilled watenZ &7y L, pH % 8.01Z & 7214 1Z trypsin & 0.075%
2725 X 2Tz,

RAW #ilfa D 3%3%

AR & L ClX. 10% fetal bovine serum (FBS, JRH Biosciences, Inc. kane
Kansas) 200 pg/ml kanamycin, 100 units/ml penicillin G, §0¢/ml L-glutamine, and
2.25 g/l NaHCQ Z & T X L~y aZfikA — 7 /L HL (DMEM, Nissui, Tokyo,
Japan¥ A 7o, #MfEIL 37°C. 5% CQEHETOA U FaX—F —NTHEL,
2~3 HUWIZ—[E], Az 55 2 L2 K> TR L7z, & DOBEOREHOZIH]
X, 9. BEHABRE L. MIEEICEZ T THEAZ IS L, Lg%
ANT=7 T A 2 ZHRRE TR O 10~20%& %3 2 LI L > TTHo 7,

MT-1 4K, Jurkat AR OREE

R S L Cid. 10% FEMEi{L fetal bovine serum (FBS; JRH Biosciences,
Lenexa, KS) 200 pug/ml kanamycin, 100 units/ml penicillin G, 6Q@/ml L-glutamine,
and 2.25 g/l NaHC@% & 1» Rosewell Park Memorial Institute 164} Hi(RPMI,
Nissuiyz v 72, flifE X 37°CD 5% CQ R T DA o FaX—F —NTHEE L,
2~3 HLINIZ—[E], O HAZ T 5 2 LIZ X - TR L7z,
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2.3NO assay (Grease i), MTT assay
[buffer HAR]
® Griessit3k

10 g/l sulfanylamide
14/ N-1-naphtyhlethylene-diamine-2HCI
2.5% (V/v) HPO,

® MTT &K
MTT (3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyl-tedzolium bromide)
Sigma-Aldrich (St. Louis, MO, USA)

96 well 7 L — K (Corning) il % 1x10 cells/mlDJEE T 200 pul FoF X,
37°C, 5% CQEMH T DA v F 2 X=X —NTHE L, B, HHE2HEML, 2
Reff 212 LPS 3pg/iml 2L LT, FSRHFTOA % 2 _X—Z —NT 20 K¢fElRE
E LIz, Z0k, fMiao LiE 100U 2510 96 well 7' L— MM & b | Griessit3g
Z 100l INL TR 10 MRS S E, v~/ 7 L— ) —Z—{2 L b, KE
570 nmiZ 33T 2 W6 28I 7E L 72(180), NO assayD 7= 12 ki 100 plZH v 4y
F727% 0 D& well 12 5 mg/ml MTT K& #K %2 10l /0%, 37°C, 5% CQ1 > %
2 _X—F —NIZ 4 FFE#E L7-, k&% suckerChgrZE L TH o DMSO 200Ul %
Mz THENF R ERRSE, v~ 7a7L— K ) —%—(2L Y, 570 nm
23 B A HIE L7-(181),

2.4 Trypan blue dye exclusion assay

[buffer ¥EX]

® trypan blug&iz (5x)
4 mg/ml trypan blue
9 mg/ml NacCl

48 well 7" L — |k (Corning)Z Jurkatfifig % 721X MT-1 4l % 5x10 cells/ml i
FEC 500 FoE X, 37°C, 5% CQEMT DA ¥ o — & —NTHHE LT,
BH, EAEZRMU-FERZ2 0 & L, 48K ISR B 2 1.5 ml= v
Ry RVT7F =712 L, 3,500 rpmT 5 4 REEOIER: S8, Bk % suckerT
frEL. MizOEIZEDLETPBSEZIFIM L, PBSED 1/4 & trypan blue&s
R (5x) ZMATEIL Xy T 47 L, 2206 10 ZMERGFEKR (=1~
Tokyo, Japany -+, £fifatil L OF < Yefa Sz seiilasiz e Lis, Hika
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ATFER (%)%, 100x[{(alfa%)-(FEM IR L)Y (e E)]Ic L v BEH L7,

2.5 Hoechst 33258 #ufaiz £ 5 7 AR b — RO H

48 well 7" L — |k (Corning)Z Jurkatfifig % 721X MT-1 4l % 5x10 cells/ml i
FEC 500l o &, 37°C, 5% COEMTF DA v ¥ 2 _—F —NTH#E LT,
BH, ERNZRM UM Z ORfE & U, 24 BRRI% ISR REE % 1.5 ml—
R RVT7F2—TI12B L, 1,000xgT 5 45 Dbk S EHilaz o s— 1 7
I8 &7, 4% para-formaldehyde (PFK) 30 43 [Ei2i&E L. Mo E &b 21T
7=, PBST3[alwashL7=#. 10 pg/ml Hoechst 3325& %2 10 /3 [iEIE L C
Bt % 4T - 7=, = D% PBST 3l wash L | & Y IHMSE(ECLIPCE E600; NIKON,
Tokyo, Japanl &> C7 R b — 3 A OBH Z21T - 7=,

2.6 I n vitro kinase assay
[buffer HAR]
® Kinase assay buffer

20 mM HEPES-KOH (pH 7.5)

10 mM MgCb

1 mM DTT

1% (v/v) phosphatase inhibitor cockait2 (Sigma)

Recombinant human JNK1 (Millipore, Billerica, MA, SA) 20 ng. 10 pCi
[y-3?P]-ATP (3,000 Ci/mmol; GE Healthcate pg recombinant human c-Jun (Sigma)
% 30 yl @ kinase bufferZ &7>L., 30°C, 1FffElA o~ F =2 _X— 95 Z & CTEEE
Ktz 1T -7, 1 BB IC 6xsample buffe 6 pul Afv, 98°CDOE— h 71
v 7 ChMAERT D L CEMELE ATV, KENH O samplel L7z, 10%D
10% polyacrylamide gelCikEh L 7=t&, 7 /v & 7V KT A ¥ —C 1 R Mg S,
BAS2000 (Fuji filmyZ X v N> Ko 21T -7,

27 EMSA
1, 2625 2.7DOEBMR

2.8 Western blotting
F1E, F2Hi 2.4 25 2.6DEZR, HuEHURRIGIE Table 100 5&M:121¢

S>TAT- 7=,
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Table 10 Conditions for antibody-antigen reaction
species iR 1st antibody etk 2nd antibody LS
iINOS mouse-monoclongl  Sigma| F3165 | 1:1000 in 5% mik | 4°C overnigitt 1:5000 in 3% mik =£JE 1 h
RelB rabitt- polyclonal CST #4924  1:1000 in 5% mik  4°C owvehnt| 1:5000 in 3% mik| =275 1 h
p52 rabitt-polyclonal | Santa Criz sc-7386 1:1000 in 5% njilk°C overnighf 1:5000 in 3% mik ==ig 1 h
a-tubulin | mouse-monoclongl Sigma T9046 1:10000 in 5% rlnilk =i 1lh 15000in3% mid =32 1h
29 RT-PCR

H2E H2H 220DHEBME, PrimeriX Table 110 % O % V-,

Table 11 Primer sequence used for PCR

cDNA cycle
. forward 5-TTTGACCAGAGGACCCAGAG
mouse INOS 25
reverse 5-ATGGCCGACCTGATGTTGCC
forward 5-GAAGGGCCGGAAGACCTATC
mouuse p52 25
reverse 5-GCTGGGAGATCACAGGCTTC
forward 5-CTCATTCCTGCTTGTGGCAG
mouse TNFa 20
reverse 5-ACGGCAGAGAGGAGGTTGAC
forward 5-CCTACAGGGCGGACTTCAAG
mouse IFNB 25
reverse 5-TCCTGAAGATCTCTGCTCGG
forward 5-CATCACAGAGCAGCCAAAGC
mouse RelB 25
reverse 5-CGACATTCATGTCGACCTCC
i forward 5-CTTCGAGCAAGAGATGGCCA 20
-actin
P reverse 5-CCAGACAGCACTGTGTTGGC

2.10 Recombinant JNK D} &4

Table 12{Z7R L7z primer Z WV TH—% 2.7 DIHEOD FEIZHE U T pGEX-INK1
&3 vector & fESL L recombinant INKID K ERERL 21T - 7=,
Table 12 Primer sequence used for PCR

cDNA restriction enzymé
INKL forward| 5'-TTTTGGA TCC ATG ACT GCA AAG ATG GAAACG ACC T Bam HI
reverse| 5-TTTICTC GAG TCA CTG CTG CAC CTG TGC TAA AGG A Xho |

restriction enzyme site in bold face and inttidtop codon underlined

2.11 MALDI-TOF/MS

FLIE, F2E 211OHESHR,
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I EBRER
3.1 9-merthylstreptimidone JE{El A& DR HE M AH BY

9-methylstreptimidond&{LI#)E OEEIEEMR 21T 9 12472V | Fig. 591~ L
7= 14TEDLE & F T,

TP, AEEEEMAEI 21T 9 122472 b . 9-methylstreptimidone (epimeric mixture)
75 positive control: L THWSD Z & 23R DMEET 21T > 7o, LPSHIERIC L - T
FEHEIND NO EADIEIZN R DOREF 21T - 72/ F. 9-methylstreptimidone
(epimeric mixture)d ALER BEAKFFRIIC A B IZ NO FEAE & #1i L 72 (Fig. 60A), & 5
IZ. 9-methylstreptimidone (epimeric mixtutg)LPS (275 X115 iINOS OFHL &)
il L7=(Fig. 60B), L EDFER LV . 9-methylstreptimidone (epimeric mixturg)
positive control: L TV, Fig. 59127~ L7 L&D NO FEARAERE D Hig 21T
STz, ZOFER, Table 131278 L7/ R 0135 H 4L, (2)-4,0-diepi-streptovitacin AZ
9-methylstreptomidone: ZB8{EL D&M 8 5 Z L 23437 7= (Table 13, Fig. 61A) ¥
7o, BLBRIEWZ LT, (2)-1,4-diepi-streptovitacin AD V7 AT L A~—ThH 5
(+)-streptovitacin AX % > 737 &R FREA] cycloheximidel TV MEMHEN & 5 Z & A3
43 1= (Fig. 61B, C)

9-methylstreptimidoneéZ /X _EFL® NO FEEAFRZE 2NN 2 T ATL #ila Th 5 MT-1
MRS RN T A N = 2R 2FET L2 LH®E I TV S (165),
9-methylstreptimidone- (+)-4,a-diepi-streptovitacin AD MT-1 HiE~DHILIEH; &
VTEF OWET 247 - 12, £ D% & 9-methylstreptimidone- (+)-4,a-diepi-streptovitacin
A 13312 MT-1 BRI HARSE & 3538 L 7= (Fig. 62A), — 5 C, THRAME CTH 5
Jurkatfifa |2 IR SE 2 558 L 72 ) - 72 (Fig. 62B) = 512, Hoechst 332582 &
HIZY B OFE R, 9-methylstreptimidone (¥)-4,a-diepi-streptovitacin ALFRIZ L -
TEEOEENEBIE XL, 9-methylstreptimidone: ()-4,a-diepi-streptovitacin AZ#%
HINDMPEENT R b—T A ThHDZ ENREINT(Fig. 62C) LI EDRER
5. (¥)-4,0-diepi-streptovitacin Ax ATL FRIZIRAIIZ T R b —2 22 HET 5
ZEM ol

9-methylstreptimidoneld NF-kB FHEF(EH 3 #IE ST 5 (165) £ Z T,
(+)-4,0-diepi-streptovitacin A NFkB (2519 2N B O 21T o 72, & D &,
9-methylstreptimidone- (+)-4,a-diepi-streptovitacin A)> MT-1 a2 33V T NF-kB
ZIRES D Z &M 52 & 72 o 72 (Fig. 63), 9-methylstreptimidondE L4/ D&
IEVEFRBIRFIEIZ X - T, (2)-4,a-diepi-streptovitacin AZ 9-methylstreptimidoné- [7]
BROERRNSHDZ xR LT,
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9-methylstreptimidone
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(%x)-streptovitacin A (x)-4,a-diepi-Streptovitacin A cycloheximide
Fig. 59 Structure of 9-methylstreptimidone analogs
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160 9-methylstreptimidone M
140 - (epimeric mixture) 0 0 1 3
\} 80
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NO production (% of control, column)
(auI| ‘|0JIU0D JO %) JBquinu |90 BAlEeY

0 L L 0
9-methylstreptimidone ot o 03 1 3 10 (ng/mi)
(epimeric mixture) LPS 3 ug/rml
pg/m

Fig. 60 Inhibition of LPS-induced NO production by 9-methylstreptimidone
epimeric mixture. (A) Inhibition of NO production. RAW264.7 cells were treated
with the chemical for 2 h, and then stimulated with 3 pg/ml LPS for 24 h. NO
production (bar graph) was measured as described in Methods. The cell viability
(line graph) in the presence of LPS was measured by use of the MTT assay. The
data are the means + SD of 3 determinations. (B) Inhibition of INOS induction.
RAW264.7 cells were incubated with the indicated concentrations of
9-methylstreptimidone epimeric mixture for 2 h, and then stimulated 3 pug/ml LPS
for 24 h. Thereafter, total cell extracts were prepared and subjected to Western
blotting.
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Table 13 Inhibition of NO production (IC  s50) and decrease of viability (ED s5p)
of 9-methylstreptimidone related compounds

Compound ICso (pg/ml) EDsy (pg/ml)
9-methylstreptimidone (epimeric mixture) 0.3 >30
AKO1 3 10
AKO02 >30 >30
APO1 >10* >10
AP02 3 >10
APO3 3 >30
EO-347 >30 >30
EO-348 >30 >30
EO-349 >30 >30
EO-350 >30 >30
(=%)-streptovitacin A 0.01 04
(£)-4,a-diepi—streptovitacin A 0.3 >30
cycloheximide 0.01 04

* Compound insoluble above 1@/ml
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Fig. 61 Effect of (¥)-4, a-diepi-streptovitacin A, (¥)-streptovitacin A, and

cycloheximide on LPS-induced NO production.
with (z)-4,a-diepi-streptovitacin A,

RAW264.7 cells were treated
(x)-streptovitacin A or cycloheximide for 2 h,

and then stimulated with 3 pug/ml LPS for 24 h. NO production and cell viability
were measured as in Fig. 58. The data are the means + SD of 3 determinations.
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(A) (B)
MT-1 cells Jurkat cells

100 100 ¢/o=——<}<9\8
S 80 S 80
< €
8 3
© 60 © 60
2 2
3 40 9-methylstreptimidone T 40 o
g - (epimeric mixture) 2 9-methylstreptimidone
= o o = (epimeric mixture)
3 20 -o- (%)-4,a-diepi-streptovitacin A S 2
-0~ (=*)-4,a-diepi-streptovitacin A
0 0
0.1 1 10 100 (ng/ml) 0.1 1 10 100 (ng/ml)

MT-1 cells
Hoechst 33258
stained

control 10 pg/ml 9-methylstreptimidone 10 pg/ml
(epimeric mixture) (%)-4,0-diepi-streptovitacin A

Fig. 62 Induction of apoptosis by (¥)-4, a-diepi-streptovitacin A selectively

in adult T-cell leukemia MT-1 cells. (A, B) Effect of (x)-4,a-diepi-streptovitacin
A on cell viability. MT-1 (A) or Jurkat (B) cells were incubated with the indicated
chemicals for 48 h, and then cell viability was assessed by performing the trypan
blue dye exclusion assay. The data are the means £ SD of 4 determinations. The
solvent control did not affect the cellular viability. (C) Induction of apoptosis by
(¥)-4,a-diepi-streptovitacin A. MT-1 cells were incubated with 10 pg/ml of the
indicated chemicals for 24 h and then stained with Hoechst 33258 to visualize
their nuclei. Apoptosis-induced cells were indicated by yellow arrows.
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Fig. 63 Inhibition of NF- kB activity by (¥)-4, a-diepi-streptovitacin A in adult
T-cell leukemia MT-1 cells. MT-1 cells were treated with incubated with 10
pg/ml of the indicated chemicals for 24 h and thereafter the nuclear proteins
were extracted and used for EMSA.
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3.2 DTCM-glutarimide ¢ NO BE4:FH2E DO EHEMRT

9-methylstreptimidoné% E{& DTCM-glutarimide (21X LPS 2k » CTHFEIN D
NO EAZMHETHEANTRIN TV A(168), NO EAZiX, INOS DEENE
ETH 5, Fig. 64AITR L2 X 912, DTCM-glutarimidelZ LPSIZ & » T#FE
i1 5 NO EAZ AR EKRFAICHEE L, INOS D& X7 EHRB LI+ 5
ZEDHERR STz, & BT, RT-PCRO#ER N . DTCM-glutarimidelZ X % iINOS
DOFBIHNT MRNA L~ULTEZ > TW 5 Z & 23455 h o 7= (Fig. 64B),

DTCM-glutarimidel® AP-1 %K+ c-Jund U B L &40 L, AP-1 DEZEFE
EIRET L ZE2RE L, c-:dund ) VEREIZINKIZ K~ TREEIND, £ 2
T, DTCM-glutarimide® INK OIEHEALIZ G 2 52 FICHER L, METE21To 7,
Z OfEF, DTCM-glutarimidel® LPSIZFHE I L5 INK O U U biZiTE %L 5
Z 72 o 72 (Fig. 65A), = 5T, in vitro kinase assayC . ¥ DTCM-glutarimide®
INK BERTEMEIC B 2 2V B O 21T - 72, ZDfE%E. DTCM-glutarimidelZ in
vitro CiE INK OEEETEMEZ 1l L 225> 7= (Fig. 65B) F 7. MALDI-TOF/MS
fiEAT OFEFR S B DTCM-glutarimide & INK1 O#EAIIHER S 72 ) - 7= (Fig.
66), LA EDOFEEN S, DTCM-glutarimidei® INK (2 X % c-Jund U BVt D
5 & 7B co-factor’y EDOTEMHALEZHE L TWAH Z EBNRIBE I LT,
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Fig. 64 Inhibition of LPS-induced NO production by DTCM-glutarimide. (A)
Inhibition of NO production. RAW264.7 cells were treated with indicated
concentrations of DTCM-glutarimide for 2 h, and then stimulated with 3 pg/mi
LPS for 20 h. NO production (bar graph) was measured as described in Methods.
The cell viability (line graph) in the presence of LPS was measured by use of the
MTT assay. The data are the means £ SD of 3 determinations. (B) Inhibition of
INOS induction. RAW264.7 cells were incubated with the indicated
concentrations of DTCM-glutarimide for 2 h, and then stimulated 3 pg/ml LPS for
20 h. Thereafter, the INOS protein (upper) and mRNA (bottom) was detected by
Western blotting and RT-PCR respectively.
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(A)

LPS — - + +
DTCM-glutarimide  — + -+

phospho-SAPK/JINK @ @ — phospho-p54
(Thr183/Tyr185) S 8 — phospho-p46

total INKT | S e S

(B)

cdun  + - + + +
JNK  — + + +
DTCM-G (ug/ml) 0 0 0 1 3
p-c-Jun - e -
c-Jun e AR AT
CBB stained

Fig. 65 Inhibition of c-Jun phosphorylation by DTCM -glutarimide. (A) Effect
of DTCM-glutarimide on LPS-induced JNK phosphorylation. RAW264.7 cells
were incubated with DTCM-glutarimide for 2 h and then stimulated with 3 pg/ml
LPS for 0.5 h. Total cell extracts were used for Western blotting. (B) Effect of
DTCM-glutarimide on JNK activity in vitro. Recombinant JNK1 and c-Jun were
incubated with radioactive ATP for 1 h with indicated concentration of
DTCM-glutarimide. Proteins were separated by SDS-PAGE, and phosphorylated
c-Jun was visualized by autoradiography.
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fr1 insolble - il iy,
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fr3 boiled GST-JNK beads 43000 43200 43400 43600 43800 ™
fr4 recombinant JNK1

Fig. 66 DTCM-glutarimide does not covalently bindt o JNK1. (A) Result of
recombinant JNK1 purification. Recombinant JNK1 was purified and prepared
for indicated fractions from BL-21 and subjected by CBB-staining, insoluble
fraction in PBS: frl, Soluble fraction in PBS: fr2, boiled recombinant protein
immobilized glutathione-Sepharose beads: fr3, purified recombinant proteins: fr4.
(B) Molecular weight analysis of INK1 with DTCM-gluutarimide.
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3.3DTCM-glutarimide ¢ NF-kB FEH:ALRLE DO fRAT

DTCM-glutarimide ® 5 72 % FHEREMENT 21T > 72, LPS FIMIZ L » TFHES
L5 NF-KB target gene> % HiZ DTCM-glutarimide’s 5 2 2 RO WMFt 217 - 7=
f5 5. DTCM-glutarimide?’ LPS|Z & » CEIEFRYIC R EFE SN D TNF-aDIFEH
I E 5 272> =Dk L, LPS FEERFIC L - THRIAFBEDO DD
INOS <° IFN-BDOF I Z 4| L 7= (Fig. 67) Z DFEEN LPSIC XL > TiEHEESND
NF-kB @ subtype®DEWIZKER L TWA D TIZRWnEE 2, LPSHRKIZ L - T
TEMEAL D NF-KB ORREFZE L AZ EMSAIZ L » CTHIT L 72, T OfER. LPSHIK
30 771212 NFKB (37E M L L, LPSHI 8~16F# Tid S H1T5RVY NFKB DiEME
D Z > TU = (Fig. 68A), F 7=, BERZEVZ L2, supershift assapifiEF:., LPS
FIEL 30 43 TIEMAL L TU 5D NF-KB [ZHT p65 HLiALLER T supershifth S & X4,
LPS 16HF M CTIE Mt 9% NFKB I351 RelBHLALLIE T DNA & & 2355 < 72 5
FERMELNT, LIed-> T, LPSHIE 30 7 CTiEfE{k L T b NFKB % p65
R HHERLKF & 4% canonical NFkB T % DIZxt L. LPSHIiE 16 B TiF
{9 % NF-kB % RelB % & A 72 noncanonical N&B %, & CT& - 7-(Fig. 68B),
VT, LPS il 30 /o L O 16 Bff] TIEMEIL 9% NFkB (Zxt9 %
DTCM-glutarimide DN EDO#ET 21T > 7=, = DfEF. DTCM-glutarimide /X LPS
HlT# 30 53 THEME(LT 2 NF-kB OIEMEALIT IS 3 (Fig. 69A). LPSHIlE 16 K
TIEMAL 9 % noncanonical NB % &R AYICFLE L 7= (Fig. 69B), &K IZ
DTCM-glutarimide’® LPS #1# 16 B CIEME{L 3% noncanonical NFkB @ DNA
EEEHEL VDR E2IT- 72, %@ﬁ‘*% DTCM-glutarimide( LPS #i4
16 FFfE CYEM{L 9% NFKB @ DNA fE & I3 2% 5. 2 727> 7= (Fig. 70),

UL EofE RS, DTCM-glutarimide 78 LPS & BF [ fi| 3 CiE L4 5
noncanonical NB 0)7%’@4[:%?@%@“5 Z LML E 7Y . DTCM-glutarimide
25 noncanonical NB JEHELARIRICIHEN R Z T Z & BRI N7z, RelB%
& 7» noncanonical NRB [ canonlcal NFB OIEMHEALIZ L > TRelB&EIZ LHZE D
REFRELND ZLICX > CIEMILT 5182, Lo T,
DTCM-glutarimide’® noncanonical NfB % [HE 9 2 ## (213 Fig. 7L R L7 H
DINZ 2 HILD,

@O noncanonical NfB #&R% K+ D mRNA FEELD R
@ noncanonical NfkB #&% K 7D mRNA O RZEALFE
@ noncanonical NFkB JEHALIRER IR 55 % L X7 EOE

ZZ T, ZNHOEERBOMET 1T T2,

F7. OLQIIBITLHEOAREMEZMRIET H7-HIZ, RT-PCRIZL D,
DTCM-glutarimide ¥ noncanonical N&B & kE 7 DREUCE 2 2R OB %
1To7, TOfER, DTCM-glutarimide X noncanonical NfkB 1#7%[K¥ RelB,
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p100/p52 ®» MRNA ¥ B E|ZITHE L 5 2 72> 7= (Fig. 72A), L7121 - T,
DTCM-glutarimideiZ noncanonical NB 1L [K 1 D3 H 5 L X mRNA D7 E %
I B L 52 N2 E NS hoiz,

52N, noncanonical NB K&K 7D &% o X7 B L ~UL TOZEEN AT D 2
ETCODORET T T2, Filr. YWFEET, ATL Milax AW=EBRIZL D,
DTCM-glutarimide 7% RelB O UM Z§FEE T 2 L WO MANE LN,
RAW264. 748 C , [E4E © DTCM-glutarimidefL R X 5 RelB DI B3 = 2 7>
DREFIZAT 272, T DFEFE, DTCM-glutarimideZLFR I X - T RelB O 73
B S, RelB O RZEADFEN/RIE I 7= (Fig. 72B), S 512, pl00D & >
NRIBELEDVTHEVSTERERENE LN (Fig. 72B), L7=»n - T,
DTCM-glutarimide (% RelB O RZE(FHEEZ I L7- NFkB OHEZIT-> T\ 5
T EDRBEE T,

AHFFEIZ X - T, DTCM-glutarimidel LPS £ FF AL IC 35\ C AP-1 A [HE§
%2z, LPSERFRIMEIC k> TIEMEILT D NFKB 2FfHET 5 2 L 38
BN o 7= (Fig. 73), & 512, NFKB ORLEMME L L CIXATL fMilRlc R o5
X921 RelB D RZEMEDFEENEE L WA ENREBINT, o,
DTCM-glutarimideld LPS £ FFREH D NFKB IZHE L7232 L2256, iINOS D
FHUZIT LPSERFREIHIITIC X - TEMAL T2 NFkB OIEH LN EE THH Z &
MR ST,

VL EofEE )5, DTCM-glutarimidelZ & % NF-kB PREER B S 2o 7=
7=, BIOMIETEH NFKkB OFRENRR LN 0DOMRFE21To72, TORER, <
AR T ) —<#ifE BL6F10MIMIZ BV T & DTCM-glutarimide ! 6 B o 4L
Reff 70 & NF-kB PFRE R 4 7~ L 7= (Fig. 74),

AR K - T DTCM-glutarimide D Fr#/EA#E & L T, RelB O NEZEM A
4 L C NFkB BHEMENH S N2~ 7,
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none 3 pg/ml DTCM-G
3ugimllPS 0 2 4 8 16 0 2 4 8 16 (h

Fig. 68 Effect of DTCM-glutarimide on NF- kB target geneexpression in
RAW264.7 cells. Cells were treated with 3 pg/ml DCTM-glutarimide for 2 h and
then stimulated with 3 pg/ml LPS for indicated hours. Thereafter, the indicated
MRNA of NF-kB target genes were detected by RT-PCR.
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free probe —>

Fig. 69 Short or long term stimulation with LPS ind uces different
component of NF- kB activation. (A) Cells were stimulated with 3 pg/ml LPS for

indicated times. Thereafter, the nuclear proteins were extracted and used for

EMSA. (B) Analysis of NF-kB components with 0.5 h or 16 h LPS-stimulation by
supershift assay.

free probe —>
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(A) (B)
3 ug/ml LPS 0.5h 3 pg/ml LPS 16 h
DTCM-G (ug/ml) 0 0 0.3 DTCM-G(ug/ml) 0 O 03 1 3

NF-kB —— !!" NF-xB —> "'u

free probe —> m freeprobe —> S aa = aa B

Fig. 70 DTCM-glutarimide selectively inhibited NF- kB activation induced by
long-term LPS stimulation in RAW264.7 cells. RAW264.7 cells were treated
with the indicated concentrations of DTCM-glutarimide for 2 h and then
stimulated with 3 pg/ml LPS for 0.5 h (A) or 16 h (B). Thereafter, the nuclear
proteins were extracted and used for EMSA.
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3 ug/ml LPS 16 h

DTCM-G 3 pg/ml x 5 binding buffer 4 ul
N.E. (1 ug/ul) 2.5l
DTCM-G or DMSO 1l
NF-xkB — D.W. 13.5 ul
total 20 pl
4°C 1~4 h

add 1 pl poly dIdC
and 3 pul labeled probe

EMSA
free probe —

Fig. 71 DTCM-glutarimide does not inhibit DNA bindi  ng of NF- kB induced
by long-term LPS stimulation. RAWZ264.7 cells were stimulated with 3 pg/ml
LPS for 16 h and then nuclear proteins were extracted. Thereafter, extracts were
treated with 3 pg/ml DTCM-glutarimide for indicated hours and the in vitro DNA
binding activity was then detected by using EMSA.
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Fig. 72 Possible inhibitory point of DTCM-glutarimi de. Inhibitory point
indicated 1~3. 1: RelB and p52/p100 mRNA expression, 2: RelB and p52 mRNA
stability, 3: destabilization of noncanonical NF-kB by DTCM-glutarimide.
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none 3 pg/ml DTCM-G
3ug/mLPS 0 2 4 8 16 0 2 4 8 16 (h)

(B)

3 pg/ml LPS 16 h 3ug/mlLPS 16h
DTCM-G (ug/m)) 0 003 1 3 DTCM-G (ug/m) 0 0 03 1 3
RelB _
(short) e 70 kDa -
Saape < 100 57 kDa =
e
p100/p52 : 43 kDa - possible cleaved
) : <« p52 36.5 kDa - proteins
i -
o-tubUIIN RelB (long)

Fig. 73 Effect of DTCM-glutarimide on LPS induced-n  oncanonical NF- kB
component expression in RAW264.7 cells.  (A) Cells were treated with 3 pg/ml
DCTM-glutarimide for 2 h and then stimulated with 3 pg/ml LPS for indicated
hours. Thereatfter, the indicated mRNA was detected by RT-PCR. (B) Cells were
treated with 3 pg/ml DCTM-glutarimide for 2 h and then stimulated with 3 pg/ml
LPS for 16 h. Thereafter, the proteins were detected by Western blotting (left
panel). The detection of RelB cleavage by long exposing film (right panel).

137



Short term effect Long term effect

LPS LPS

— bpTCcM-G —

c-Jun/c-Fos NF-kB activation
nuclear accumulation

Fig. 74 Dual effects of DTCM-glutarimide. ©~ DTCM-glutarimide inhibited AP-1
nuclear accumulation by inhibiting c-Jun phospholylation in short-term LPS
stimulation (left). In long-term LPS stimulated cells, DTCM-glutarimide inhibited

NF-kB activation (right).
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Fig. 75 Inhibition of NF- kB by DTCM-glutarimide in B16F10 cells.  Cells were
treated with 3 pg/ml DTCM-glutarimide for indicated time and thereafter the
nuclear proteins were extracted and used for EMSA.
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EAE BE

WA 2 IIEIEY LV 15 5 7= NFKB FREH 9-methylstreptimidone» 3512
o HOWTEEEEEBEERICL > T, w7 r 77 =285 NO EAIS]
EB L, ATL HIEICT R N — 2 2F 8T 5EA 2 o(bEam e LT,
(1)-4,a-diepi-streptovitacin A % 15 7= . (¥)-4,0-diepi-streptovitacin = A [
(+)-streptovitacin A cycloheximide & T WH#EE TH LI L b b T,
(¥)-streptovitacin A cycloheximide & X R 21EMEEZ R LTz, 2O &b,
9-methylstreptimidoné & © . glutarimide® % 3 5L &4 D&M 21T glutarimide
B LIS DO R ESFIBR KL RSy DSR2 & O T EENEE CTH D 2 L NRR Iz,
REETEMEARR D5 5. EO-349<° EO-3501% 9-methylstreptimidone- i1\ & it % 5
DIZH DL T NO EAMAINRZ RI R o722 &b, 9-methylstreptimidone
DAEIFOERNAL OREE K OSLAR D BB M 2 B AT TV 5,

(+)-4,a-diepi-streptovitacin A (+)-streptovitacin A  cycloheximide 4y F1#i& 1%
LU WA, KBEOFE, FHRBBREDOTEEEEVRDSL, 22
T, KBEEBLO, BREONEEEDENILI > T, HFEEIZED L H 72
VAREEDBVNRENDINEDF L Ial—ra o TRE L, HFH
RFFEE DI BIFL . KFIZE DIV ITHEBorn)iZ 51T 5 R L EELE % 3K 6O 7= fE
H. (¥)-streptovitacin A cycloheximidelZ/KEEFE DB I )b 59, EHEiEE
EDHDIZH L. (¥)-4,0-diepi-streptovitacin ALITALi2 - 7= 3 R TRY 72t %
& o> Tz (Fig. 76), FE& 2 & 23 L Ty 5 (2)-4,0-diepi-streptovitacin A
(+)-streptovitacin A cycloheximide D[] TR Z EBEICEN H D Z L 1%,
glutarimideEg LIS D5y DSLAE % & D It E N+ 2R iE 2 RE< B2 E
BN TOERN S FORFEHAHIE L TWD EEIBND,

72, (2)-4,0-diepi-streptovitacin ADIEMEZFHRT-FER, v~/ v 77—k
WTC LPSIZ X o THE I LD NO EEAZIHT 5721 T <, ATL ARfZIZ B3R
BIZT R R =V REFFETEX 5 LR o7, (2)-4,0-diepi-streptovitacin AD
ZOVERIL, EEEME RO ATL (2%t L T (+)-4,0-diepi-streptovitacin ANE Zh 7216
IR|T0 ) 5 DT L AT 5 LT, (1)-4,0-diepi-streptovitacin ADHEIE % &
CICERLFERERREEITO 2 LT, KIEMERR, HILRZR EDOIREICE)
RHRERIOBRBICRKRESEBIRTE 5 B2 6105, 72, 9-methylstreptimidone
1% 8-9NL D " EFEABERNL TD 9NLD A FILED cis-transd BAELAE Z 0 09 <,
BRRHINCREZETHHT20, (2)-4,a-diepi-streptovitacin AXHr 7= 72 PUEHRIS — R
k& s B2 N5,
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cycloheximide (Z)-streptovitacin A

(*)-4,0-diepi-streptovitacin A

Fig. 76 Most stable conformation of cycloheximide, (¥)-streptovitacin A,
and (¥)-4, a-diepi-streptovitacin A in Born.
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% 72, DTCM-glutarimide?® LPS £ R HIlE CiEMH(L7T 5 NFKB OiE ML 23
WA 5 Z LN hoT-, EHIT, Fig. 731R L2k 912, £ DJH RelB
DARBEEEI L TND I ENRBE I, L EORER G DTCM-glutarimide
128D NFkB OIHEHEIILL TO 2FEHO L ONEZ 6D,

1) DTCM-glutarimide?’ RelB Z#ZEbT 5 ¥ /7 HDOEEZFHE L |
RelB # N&EEIZT D,

2) DTCM-glutarimide?® RelB # R & ELT 5 &% o /X7 H D RNELEF D
FERE 2 THE T 5 (= RelB DR & &AL ),

L7-7 - T, DTCM-glutarimidelZ RelB D% EAV £ 72 13RI+ 2 % %
BHEERLE L TCWADEREENEV, S 52, DTCM-glutarimide’’ LPS 48RRI AL
BHECITAP-1ZHET L2 L2 FE 2 THE X5 L. DTCM-glutarimide DEER) # >
X713 RelB DL E LI & AP-LIEMHE(LHIE OILEERFTHH EE X HND,
L7228 -> T, DTCM-glutarimide DIERI 4 > /X7 E O RIEHZER S LiviX, Al
HIFIEIRE . RHIBREINE O 7 2 HIE T 2K FOREIZH D213 5 & X
HiLb,

%72, DTCM-glutarimide?® RelB Z &% K+ & ¥ % noncanonical NFB % [HE
4% Z L%, DTCM-glutarimide’® noncanonical N&B 2358 < B4 5, HE %
FERRESL ATL IZB W T O RRIIRIGRIEIIRD 2R T LD TH D,

UL EoZ &ve . DTCM-glutarimidelx AP-1, NF-kB OFREMEFIC L - TRIE
MRE, BORERBOIREERLE L CoOARMEIIIZ, RIESCRIZINE O F.0
722 X EDRIE. ey 7 I NMeEREOMBBAIC O RES BB TE 5
LOThHdHEEZOLND,
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