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AP-1: activator protein-1

BMM: bone marrow-derived macrophage
bp: base pair(s)

BSA: bovine serum albumin

DHMEQ: dehydroxymethylepoxyquinomicin
DN: dominant negative

EGFP: enhanced green fluoresent protein
EMSA: electrophoric mobility shift assay
ERK: extracellular-related kinase

FBS: fetal bovine serum

FHA domain: fork-head associated domain
GST: glutathione S-transferase

h : hour(s)

IxB: inhibitor of NF-kB

IKK: IxB kinase

IL: interleukin

IL-1R: IL-1 receptor

IL-1RACP: IL-1R accessory protein
IRAK: IL-1R-associated kinase

ITAM: immunoreceptor tyrosine-based activation motif
JDP2: jun dimerization protein 2

JNK: c-Jun N-terminal kinase

LPS: lipopolysaccharide

LT: lymphotoxin

MAPK: mitogen-activated protein kinase
MAPKK: MAPK kinase

MAPKKK: MAPKK kinase

MBP: maltose-binding protein

M-CSF: macrophage-colony stimulating factor
min: minute(s)

MKK: MAPK kinase



MM: multiple myeloma

MNC: multi-nucleated cell

MyD88: myeloid differentiation factor 88
MEF. mouse embryonic fibroblast

NEMO: NF-xB essential modulator
NFAT: nuclear factor-activated T-cell
NF-xB: nuclear factor-xB

NGF: nerve growth factor

NIK: NF-xB-induced kinase

OC.: osteoclast

PAGE: polyacrylamide gel electrophoresis
PBS: phosphate-buffered saline

PCR: polymerase chain reaction

Pellino: Pelle-interacting protein

RA: rheumatoid arthritis

RANK: receptor activator of NF-xB
RANKL: RANK ligand

RHD: Rel homology domain

SDS: sodium dodecy! sulfate

sec: second(s)

T2BP: TRAF2-binding protein

TAB: TAK1 binding protein

TAK: TGF-J activated kinase

TIFA: TRAF-interacting protein with an FHA domain
TIR: Tall/IL-1R homologous region

TLR: Toll-like receptor

TNF: tumor necrosis factor

TPA: 12-O-tetradecanoylphorbol-13-acetate
TRAF: TNF receptor-associated factor
TRAP: tartrate-resistant acid phosphatase
Ub: ubiquitin

XEDAR: X-linked ectodysplatin-A2 receptor
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Fig. 1 Members of Rel and I1kB families. The number of amino acids in each protein is shown
on the right. The arrows point to theendoproteolytic sites of p100/p52 or p105/p50: GRR, glycine-
rich region; LZ, leucine zipper domain of RelB.
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Table 1 variation and sequence of kB sites (25)

Target gene kB site

Cytokine interferon B (INF ) GGGAAATTCC
interleukin 1 (IL-1) GGGAAATTCC

interleukin 2 (IL-2) GGGATTTCAC

GM-CSF GGGAACTACC

G-CSF GGGGAATCTC

TNF-a GGGGCTTTCC
GGGAATTCAC

Lymphotoxin (LT) GGGGCTTCCC

Receptor  immunoglobulin x light chain GGGACTTTCC
IL-2 receptor achain GGGAATCTCC
MHC clas |l (H-2K") GGGGATTCCCC

T cell receptor GGGAGATTCC

2 microglobulin GGGACTTTCC

Viruse HIV-1 GGGACTTTCC
SV40 GGGACTTTCC

CMV GGGACTTTCC
GGGGATTTCC

Adenovirus GGGACTTTCC
GGGAAGTACC

common site GGGRNNYYCC
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Fig. 2 Mechanism of NF-kB activation. NLS, nuclear localization signal; NES, nuclear export
signal; IKK, kB kinase; X, unknow protein.
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Table 2 Inducers of NF-kB (88)

Inducers

Cytokines
IL-1, 1L-2, IL-12, IL-15, IL-17, IL-18, LIF, THANK, TNF-o,, TNF-3

Receptor ligand
CDA40-ligand, CD2-ligand, Trail-receptor-1-ligand, Trail-receptor-2-ligand, Trail-
recptor-4-ligand, RANK-ligand

Viruses
Adenovirus, Cytomegalovirus (CMV), Epatein-Barr Virus (EBV), HIV-1, Influenza
virus

Viral products
Adenovirus 5: E1A, Adenovirus. E3/19K, CMV: iel, EBV: HBx, EBV: LMP, HIV-1:
Tat, HTLV-I: Tax1, HTLV-II: Tax2, Influenzavirus. Hemagglutinin, Parvovirus
B19: NS

Chemical agents
Anisomycin, Brefeldin, LPS, Calcium ionophores, Phorbol ester, PHA, Monensin,
Okadaic acid, Vinblastine

Therapeutically used drugs
1-B-D-Arabinofuranosyl-cytosine, Anthralin, Camptothecin, Cisplatin, Daunomycin,
Doxorubicin, Etoposide

Stress
UV, Hydrogen peroxide




Table 3 Target gene of NF-kB (88)

Gene
Cytokines
IFN-y, IL-1c, IL-1B, IL-2, IL-6, IL-8, TNF-o,, TNF-3
I mmunor eceptors

Immunogloblin & heavy chain, Immunoglobulin x light chain, MHC class | (H-2K"),
MHC class| HLA-B7, B2 Microblobulin, T-cell receptor 3 chain
Cell adhesion molecules
ELAM-1 (E-selectin), ICAM-1, MadCAM-1, P-selectin, VCAM-1
Acute phase proteins
Angiotensinogen, Serum amyloid A precursor, Complement factor B, Complement
factor C4, LPS binding protein, Tissure factor-1
Stressresponse gene
Angiotensin 1, COX-2, iNOS, phospholipase A2
Regulators of apoptosis
Bfl1/A1, Bcl-xL, cCD95 (Fas), Fas-ligand, |APs, IEX-1L
Growth factors
G-CSF, GM-CSF, IGFBP-1, IGFBP-2
Transcription factors
c-myc, c-rel, IRF-1, IRF-2, Ikba, nfkbl, nfkb2, p53
Viruses
HIV-1, SV40
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Fig. 3 Structures of panepoxydone, cycloepoxydone, epoxyquinomicin C, and (-)-DHMEQ.
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TIFAOONODOO FegdMycOOQO GSTOODODOODODOOODDOOpMEO O
00000000000 AMB3UTIFAODODODODOODDOOPCROODDOOODOO
TIFA D000O00O0OKunked OODOO0O0O0OOOOPME-FLAG-TRAFG 00O O
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PME-FLAG-TRAF6-(275-530)0 0 0 0 00000000000 (114)0 pME-
IRAK1-(1-22)0 DPCROD0 00000000000 OpMEISSOOOODOO

0ooo

pEF-MyD88 0 0 O pEF-MyD88-(152-296)0 0 0000000000000 pEF-
TLRAO OO pEF-MD20 0000000000000 00O0000O0pERTAKLD
PEF-TAK1-(K63W)O 00 pEFTABL OO D O0O0O0O0O0000DO OO OO pEF-
IRAK1O D ODOOO0O00000003x«xB-lucd OO 3xMxB-luc O DWisconsin
O00000O0O0O0O0O0pERT7Z-NK 0000000000000 DODOO

PEF-Ubc13 00 TexasO O z. ) ChenD 00000000000 O0O0D0OO

2-2-8 yeast-two-hybrid D 0 OO0 O 00O
2-2-81 JUOOO0O0OO
0000000000 mRNAOOO (2-2-8-2)
l
cDNADDODOOOOOO0O (2-2-83)
l
cONAOOOODODODODDODOO0OoOooooooooO (2-2-8-4)
l
O000O cDNAOODODOODDOOOO (2-2-8-5)
l
000000000000 (2-2-8-6)
l
O00o0o0ooo0ooooooooobooooooooon (2-2-8-7)

2-2-8-2 U0O0O0OO0OOO mRNAOOO

TRAF6G O OO ODDOO DNADODODUOUOpGBTO U U UOODDODDODOODOOOO
bat OO OOOO0O01500 ICROODOODOOOODODO0OOOOOOODOOOO
000 total RNA 0O 0O 0O 0OOOligodT-latexD 0 0 0 O O O, Tokyo, Japand [ [0 [
poly ARNA O OO0

goooobooo pBSO0O0O0OOOOOL700rpm 4 0,7 00000000
000000000000 denaturing solution (4 M guanidine thiocyanate, 25 mM
sodium citrate: pH 7.0, 0.5% sarcosyl, 0.1 M 2-mercaptoethanol)d 5ml O O 0 2.5 ml
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00000 18cUU00OOOODODODDODO0O0O0O0OOonDO2M NaOAc0.5mId
00000000 5mlOchloroform :isoamyl alcohol (49:1,byvol.)1ml OO 00O
Jodooodoogooisooooooooooos3000 rpmd4 0020 O
O00ooooOoo0ooooooooobbooooooooonD 1smO0O0OO
0000000 D0100% ethanol O 10ml 00 0-20 0001000 0O O 03,000 rpmtd
400020 00000000000000 00O denaturing solution 0 0.3 ml [0
0000000000015 m O000000D00O0O0O0O100% ethanol [0
Jodob-2000 50000000001500 rpmdJ4 00100000000
O00000000000080% ethanol 0 washO O OO50uw 0000 OOO
O000O0Ototad RNAOOOOOO

0000 Ootal RNA210ug/100 w0000 57.5ul 00 O 4 x elution buffer (40
mM Tris-HCI: pH 7.5, 4 mM EDTA, 0.2% SDS) 525ul 0 0 0 0O 00 O O O Oligo-dT
latex 210 ul OO OO OS5 000000000065 00 5000000000
0000000003 00000o05MNClO0OD 42uWioooso0oon
Jodooobo37r0op1000000dooggis000 rpm0 3 000000
O0000D000000000 washing buffer (10 mM TrissHCI: pH 7.5, 1 mM
EDTA, 0.1% SDS,0.1M NaCl)s00ul O 2 OO0 000000 OODOOOOOOO
O 20w 0006500 500000000003 000000015000 rpm
O 30000000000000 15mO000000000000M02M NaOAc
70 Wl 0 0100% ethanol 800 Wl DO OO OODO0O0OOOOOO 300000000
15000rpm4 OO 015 000000000 80%ethanol DO OO0 O0DO0OO0OOO0O
000 30u00000plyARNAO OO OO0

2-2-8-3 cDNAUOUOUOOOODDOOO

0000 A-RNAD HybrizZAP-2.1XR Library[Construction Kit (Stratagene, La Jolla,
CA)J O 0 O HybrizAP-2.1XR cDNA Synthesis Kit (Stratagene)J D 000000
oo oooddgd ecONALD DO oooooon

KitOO Buffere OO 00000 00OKitODOoooooooooooooooao
O0000015mO0000 10 x first-strand buffer 5 ul, first-strand 5-methyl
dNTP mix 3 pl, linker-primer 2 ul, DEPC-treatment water 20.8 ul, RNase blocker 1 ul
O0000000000000 podlyARNAO 5ygd0ooooogloonon
O000oooDooktddooooood MMLV-RT 15 W 0000037 00 1
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000000000000 DO O D010 x second-strand buffer 20 ul, second-strand dNTP
mix 8 ul, MQ 114 pl, RNase 2 ul, DNA polymerase | 11l 000016 OO 2500
0000000000000 0000000000 bluntingdNTP mix 23 ul, cPfu
DNA polymerase 2 Wl OO0 00072 00030 00000 O0ODODODOOOOOOO
O0000OPhOH/CHCL, 2000l DO OO5 00000000 OOMODO15,000 rpm, 2
0000000000000 15mO0000ddddcCHC, 200 00000
oottt oodooooouoogn
0 0O O03M NaOAc 20ul, 100% EtOH 400 ul O 0 0 0-20 O 0O 0O 0O 0O O O O 015,000
rom 4 0,1 0000000000000000O0O000O0O0O DO 0O0O70% EtOH 500
ul 00000 ooooooooobooooooooooooooooo
O00000O0OEcoRI adaptorsQ ul 00004 00 30 0000000 OoOoO
00000000010 x ligase buffer (500 mM Tris-HCI [pH 7.5], 70 mM MgCl,, 10
mM DTT) 1 ul, 10 mM rATP (ligase 0 kinase 0 0 0 0) 1 pl, TADNA ligase 1 ul O
00008 00000000DOO0O0OOO10x ligase buffer 1 ul, 10 mM rATP 2 ul,
MQ 6 ul, T4 polynucleotidekinase Lyl O OO0 037 OO0 30 DO OO ODOOOO0O
do7 00030 00b00ooooooodooodooooooos oo
00000 Xhol buffer 28 ul, Xhol 3l DO O O37 00O 15 000000000
00000000 010x STE (1M NaCl, 200 mM Tris-HCI[pH 7.5], 100 mM EDTA)
5ul,100% EtOH 125ul 000 0-20 O 000000015000 rpm, 4 O,1000
0000000000000 000MOOd 1xSTE14ul O columnloading
dye (50% [v/v] glycerol, 10% [v/v] 10 x STE buffer, 40% [v/v] saturated BPB) 3.5 nl
godooooooooo
O00ooo0ooooooooooddlmOooooooooooooon
doooooooooboood3mmbddoooooooooooooon
OO03mmO000000000000O0O00O00O00 1omO0OO0O0O (ODOO)O Kit
gooooboooootuootdooonoooodoonooouoodn
gooooboooootuootdooonoooodoonooouoodn
dodoboooooooolx STE0D0ooooooDoooooonoood
O03mOO00O0O0D000D0OODOHybriZAP-2.1XR Library Construction Kit [J
00 Sepharose CL-2B g DD DD DO 00O0OOOOOOODODOOOOOOOO
doodoboooboooo8scmidooooooboooboooooond
doodoboooboobooooooooooooonoo 1x STEOOoOOn
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o000 m 000000000 wffr OOO0ODO0ODO0ODOO0OOOOO
O01xSTEODOUOODOOODDSWOOD0O0OD0DD0OOsampleD 0000000
0000000000 bOdye 000000 O0DDOOOO0O0OODDODDODOOOOOO
O0000o0o0obD 1ixSTEDDDOOODDODOODDOO0OOD3ImOOo0ooon
O0o0db00dyeOOODOOO-04m OO0OO0OD0OO0OO0OODODO0OOOOO
O000000o0b0obobo0oobo0oboboOo 30b00b0dFraction 1200
O00M0O0DMbo0o0oobOo0oDdFraction1-120 0 O O O PhOH/CHCI, 100
Woos5 000000000000 DbOgis00rpm 4 0000000O0O0O0DO0O
O0000oOo0obooboboOocHC,O 100 W oo oobooooon
O0000o00o0ob0o0o0o00o0ob00bnD10 % EOoHO 200 W 00O DO -
200000000015000rr$pm, 4 0,1 00000O0O0O0OODODOOO0OOT7T0%
EOHOODOOODDODOOO0DO0OooDbOoooooobgog sou o MQUODDOO
0000010000000 0D0000000D000000 04kbd 4.3kb O
000 Fraction 3-7 DO 00000000 0O0OODOO0ODODOOOODO cDNA
goog

2-2-8-4 cDNAUDUOOOUOOOUOOoOooOooooooooo

0000000 cDNA O HybrizZAP-2.1Vector 0 0 0O 0O 0O I 0O OO cDNA 2.5
ul, HybriZAP-2.1 Vector 1 ul, 10 x ligase buffer 0.5 ul, 10 mM rATP 0.5 ul, T4 DNA
ligaseO5ul 0 15mOO00O0000O0O0122 00000000 0OKitOoo4Qdo
000 packaging extract 0 0 000000000000 400000000
0000002 00000000000SM buffer (5.8 g/l NaCl, 2.0 g/l MgSO, [
7H,0, 50 mM Tris-HCI [pH 7.5], 0.01% [w/v] gelatin) 500 pl 0 CHCI, 20 ul O O
O00ooooDodoooooooodo 1i5mo00boodogo4 0000
O0000000000000000E-coli  (XL1-Blue, ODgy, = 0.5) 600 pl O
cDNA library phage5pl OO OO B7 00O 15 00000 0O OO ENZY top agar
(5 g/l NaCl, 2g/ MgSO,[0 7H,0, 5 g/l yeast extract, 10 g/l NZ amine, 0.7% [w/V]
agarose) 65ml OO0 O ONZY OO OO (5¢/ NaCl, 2 gl MgSO,0 7H,0, 5 g/l yeast
extract, 10 g/l NZ amine, 15 g/l agarose; 00 15 cm0 0000000 10 O OO
0000000037 005000000000SM buffer8m 00004 00O
OO000oooo0OSMbuffer 0 5SO0mO0000O0O0OOOOOOOOOOOO 2ml
OSMbuffre DODODOD00OO0O0O0OOOOCHCL,O 10 mOOOOOO 1500
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O0000B00g, 4 0, 1000000000000 50mlIO000O0O0O00O0MOECHCI,
O9%uldODMSOO 2mOOOO-80 DOOOOOO

Phagel excisonO O DO 0000000 OODOOOOOOONO cDNA library
phage 0 0000 10pl, E-coli  (XL1-Blue-MRF’, ODgy, = 0.3) 400 pl, helper phage
oudodooooools oooooodgdLBbroth20m OO OOOO37 O
0300000000007 00 20 0000005000,40,1000000
O00ooooooosomiO0o0obDoo00oodddphagemdddOddOO
4 0O0dodod

cDNA libray D 000000000000 0E-coli (ODgp=1.0)23ml 000
OO000O0D0O0O0 cDNA library phagemid 100l OO 00037 00000 O 15
00000000000000000 200 O0O0OLB plate (10 g/l NaCl, 10 g/l
tryptone, 5 g/l yaest extract, 20 g/l agar; 00O 150 mm) 1000 0000030 OO O
004 0000000000000 0000 0O Ore buffer (10 mM Tris-HCI [pH
75, 1mMEDTA[pH80) 10m 0000 0000000000000 0O00O0
50m OO0OO0OOO0OOOOO3000rrpm, 40,30 0000000000000
solution | (50 mM glucose, 25 mM Tris-HCI [pH 8.0], 10 mM EDTA) 5 ml, solution |1
(0.2 N NaOH, 1% SDS) 10 ml, solution Il1 (5M KOAc) 75m 0000000 O OO
3000 rpm, 4 0,30 00 000O0OOODODOOOOOODOOOOOOOODOOI-
POH 12mO0000O00O0O0O0OO0O0O0OO03000rpm 40,30 0000000
00000 70%EOCH20m 000000000000 0OOOOTE buffer 0 8 ml
0000000000000 00000OPhOH/CHCL, (1:1, by vol.) 10 m OO O
Joodooobooooso00rpm, 15 D0 OD0OD0OD0OOOODDODO0OOOOOODOO
O0000D000OCHCI, 75m ODOOD0D0O0OO0OODOOODDODOOOOOOOO
00000000000 0000000100%EOH1ISm OO0 0000000 O
2000 100000000003000rpm, 40,1 000000000000
J0o0ooooss BtOH D000 ooooboooon
OO0 TE buffer 8 m OO0 ODO0D0DO0D0O00O0O0O0OOOOODODOOOOOOOO
OOODNADD 2mO00000CsCI 21¢, EtBr (50mg/ml) 10l 000000
0000000000000 00o0o0D0o00oog9 krpm, 250, 40000
O0000000eBrO000O0 1 mOO0O0000OO0O0OO0OONaCI OO0
gbodooootdotdoeBr oo odododoooodododgn
OO0 500ul 0 TEODODO OO CDNA library O 0O 0O O
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2-2-85 U000 cDNAOODOODOOO

OO0 PI69-4A 00 0OlacZOHISSOO DO Ad2 DO DD OO0 OOoooon
00000000 GALADNA ODUOOUOOOOTRAFG DD OOOOOO GAL4
OO0O000o0dcDNA DO0O0OO000ooooodoooooooooodn
Oo00dooooooooooooobooooooooogoooooooon
O000000000000O0batdOO PGBTO-TRAFG OO O PJ 69-4A O[O
O0000D0000O0 SC/-Trp (1.7 g/l yeast nitrogen base without amino acids and
ammonium sulfate, 5 g/l anmmonium sulfate, 1.35 g/l dropout [adenine sulfate, alanine,
arginine, asparatic acid, asparagine, cysteine, glutamic acid, glutamine, glycine,
isoleucine, lysine, methionine, phenylalanine, proline, serine, threonine, tyrosine, valin
O0o0oobooooodl], 0.26 mM wracil, 0.8 mM histidine-HCI, 0.8 mM leucine,
2% [viv] glucose) 100ml 0 30 000D OO00000O0O00O0O0 6000000
00 ODg D 0500000000 YPAD OO (20 g/l Difco peptone, 10 g/l yeast
extract, 40 mg/l adenine sulfate, 2% [v/v] glucose) 1000 ml O O O 0O O 0 O O ODgy
god4s0000000poo3000 rpm 500000000 000000O00OO
O0000MQ850ul, 50 % PEG 3ml, 1 M LiOAc solution 450 ul, sSDNA 63 ul, [
OO0 cODNA OOOODODOO souW O000Oo15 0000000000000 n
00030 00 o0dodooo42 00 2000000 ooooooon
000000 cONA OD0O0D0D0D00Oooooooon 12 m O SC/-Trp/-Leul/-
His/-Ade O O (1.7 g/l yeast nitrogen base without amino acids and ammonium sulfate,
5 g/l ammonium sulfate, 1.35 g/l dropout,2% [v/v] glucose)d O O O O OO SC/-Trp/-
Leu/-His/-Ade O O O O (1.7 g/l yeast nitrogen base without amino acids and
ammonium sulfate, 5 g/l ammonium sulfate, 1.35 g/l dropout, 2% [v/v] glucose, 15 g/I
agar; 00O 150mmO 1000000030 0055 0000000000000O0O
O15ecmI0O0000000000O000O0ONOCSCI-Leu (1.7 g/l yeast nitrogen
base without amino acids and ammonium sulfate, 5 g/l ammonium sulfate, 1.35 g/l
dropout, 0.16 mM uracil, 0.8 mM histidine-HCl , 0.32 mM tryptophan, 2% [v/v]
glucose, 15 g/l agan)0 0D 000 00O0OOOOOOOOO2mlO SC/-Trp/-Leu 0 0
(1.7 g/l yeast nitrogen base without amino acids and ammonium sulfate, 5 g/l
ammonium sulfate, 1.35 g/l dropout, 0.16 mM uracil, 0.8 mM histidine-HCI , 2% [v/v]
glucose)] 30 DD D ODDODODOOOOOODODO 700 W OOOODODOOOOS00 pl
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OB-gdassay DO OO

2286 00O 0O0O0O0OOOOOO
0000000000000 000B-gdessay 00O O OODODOOOMOS00ul
O00ooooo 15mO000000000000000DOO000000o O
0000 Z buffer (10 mM KCI, 1 mM MgSO,, 50 mM 2-mercaptoethanol, 100 mM
PiO,: pH 7.5[1M KH,PO,0 1M K,HPO,0 O OO OpH 7500 00 O buffer]) 200
udoooooOMWwWao) 150wl 00001 000000000 0O0OOOOOO
O0oooooooooooi1coW 00000000 onnnZbuffer 700 pl O
2 mg/ml O-nitrophenyl-p-D-galactopyranoside (ONPG) 160 Wl O 0O 00030 OO 1
bbb ooouoboouoobogooo
googoobg

2-2-87 UU00O0O0O0ODO0O0OOOODNADDDDODOOOOO
oo dobdd ecDNA OO0 ogon
O0000o0oo000oooooooobooooooooonOo?2 m O SC/-Trpl-
LeuO0 0003 0DO0000O0O0O0OOODOOOO0O 1 mOOOO 15mO00
000000000000 000000000000O O Dyeast breaking buffer (2%
[v/v] Triton X-100, 1% [w/v] SDS, 100 mM NaCl, 10 mM Tris-HCI [pH 8.0], 1 mM
EDTA)200pl, 000000 200ul, PhOH/CHCl, 200l 00002000000
J0000dgdoi1s5000 rpm, 10 D00 0O0OD0OODDODO0OOOOOOOOOOOO
100 % EtOH 300 W O OO0 0-20 000 5 00000015000 rpm, 4 00, 10 O
OO00007M%EOHO 000000 OO20W O TEbuffer DO OO OO
bbb oouooougon
O0ooooooog souWOb0ObObOoooooo1Wooooooooon
00000 (BIORAD,[25mF,25kV,200 Q)0 00000000 OE-coli O 2x
YTODO (16 g/l tryptone, 10 g/l yeast extract, 5¢/INaCl) 1m D DO 00037 OO
1000000000000 00000000TED 100 WO0OO0OLBOOOO
Jo0o0oo3d7 o000 ooboobe 00000 O2xyYT
OO0 2mO000 37 00000000000 0O0O0O0OO 15mO0000O
0000000000000 000D0D0O00000Solution! 75 ul, solution 11 150
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ul, solution 11 90l D0 0000000015000 rpm, 10 0000000000
0000000000000 00100%EOH D 800ul 0000 00 00 015,000
rpm, 4 0,50 00000000070%EOH0000000000000000
TESOW OOOOOOD0OO

00000000000000000 pGBTOTRAF6 00O 0000000
0000000000 PI6-4ADD0D0DOD0OD0O0D0O0O0OO0DOD0O0DOO
00000000000 ¢DNA 0000 O pBluescript SK™ (Stratagene)d O 0 O
OD000O00 BamHI/Xhol D0 0000000000000 0000O00O000O

229 UJU00OOobooooooo

guot TIFA O cDNA OUUOUOOoooooooooooooooooon
OooDoDooooDobooobobbbobdoob ADDOAOS-
GCCTCGAGATGTCCACCTTTGAAGACGCTG-3 M OOooooooooo
OO0O000000goos -GCGCGGCCGCTCACAGTTCGTTTTCATCCATTTC
-3 00000000000 000DbO0O0 TIFACDNADOOODDOOOooooo
(pBluescript-mTIFA)D D O DD OOODODO0ODDOOO0O PCROODODODOOO9 O,2
001000009 0,100520,150072 00,2500 250000072 0O,
o010 bobbboooooob bbb ooUo
0O pME18S O EcoRI DO UOUO0OHFagtag DO DD O0OODODODODDOOOOOODO
00 300 EcoRI-Xhol-Notl DO OO ODO0O0DO0OOOOODO pME-Fag OO
O00000000obobooobobboO Xhol / Notl DODODOOODOOO
PME-Fag D OO DD O0O00O0OO pME-FHagmTIFAOODDODOODOOODODOO
O0000000D000000 Xhol / Notl DOODO TIFAODODOODO DNA
gubbdgobbodooboodoobodotl DNA OO ooooo
OAmesham0 000000000000 DNA ODOOODODOODDOOOOOO
100 0 3000000000000 0000000000 M a-*POdCTPO O
O KlenowODNAOODODOOODODOODDODOOOOOODDOOOOO 3700 150
000000000000 0D0DO000DbDO0 Nick OD0OD0OAmersham OO
gubbdddold DNA OOobooooobouooobooobobouoooon
goobooboooooooobobobb mRNAOOO 2wdooooon
0000000000 (MTN Blots Mouse;, ClontechD O 5 m OO0 000000
00000 (Express Hyb; ClontechU OO 68 O, 30000000000 OO0O
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00000 100 0,30000000000000000m ODO0000O0O0O0O
Jodooobodoooooobooooboboobon e8001 0000
Jguodooouobodod RNA DUOUODOo0oouoooooouoooogoo
0000000 2x SSC (1 x SSC = 0.15M NaCl and 0.015 M sodium citrate) [
0.05% SObSU D 000000O0O00O0OD 4000000000000 0.1x SSCU
01%SbSsOU0U00oooooso 4000000000000 oooon
JooodoooXx booooogobbo-s0 Do ooooooon
gotgouogoooogo

2-2-10 OOooooo

0000000000000 000D00000000O440 uwl O DNA OO
(total 10 pg)d 510 wl O 2 x HBS (42 mM N-2-Hydroxyethylpiperazine-N’-
ethanesulfonic acid (HEPES): pH 7.1, 290 mM NaCl, 140 mM NaHPO,)0 5 ml [
O00oo0oooooOFeconD O 0000 OODOODODODO0O0O0O0O0OOOOn
OO0oooooooso WO CeCl,OOO0oooooooooooooooon
gboooooou4 bbb oboouoonoooo
guodgougoooobooon
bbb oboougn
OO0plaaeN DOO@10cm D000 00 2x 10°0000000000000
pMX-Flag-TIFA O O OO 5ug 0 0 O GenePort reagent (Invitrogen) S0l O 0O O O
OOODMEM OO 1mOO0000030 00000000000 0O0OOOplateN
OO0 mediumOOO0O0O0O0O0O0OOOOODMEMOOO 4mOOO0OooOnO
JUO0O00ODNA-UODODDODDODODODoooobo3g7r o400 boooboono
5m0 2000FBS/DMEM 000 5mO00000 24 00000000000
000000 o0000odno 24 0000000000000 15m 0000
OOooo1s500rmpm, 4 O0,50000000000000015mO00cdOon
00000003000 rpm, 4 0,500000000000000 15mO00
0000000000 5m ODDO0OO10 mg/ml polybrene (Sigma) 5 ul O 0O O
ooooooooooooMEROOOOODODODOOOO ODOOOOODOO
O05mO00000000000000000FHag-mTIFADDOOOOOO

22211 00o0o0dogooobobobboooogoo
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OHEK293T OO 0OO0O0O (p60mm) DD ODODOOODODOODOOOOODOOO
Joodooobodooooooboo3ss 0oooodog pPBS ODO00OO0OOO
TNE buffer (10 mM Tris-HCI: pH 8.0, 1 % (w/v) Nonidet P-40, 0.15 M NaCl, 1 mM
EDTA, 10 ug/ml aprotinin) 00000 M5000xg 00 000000000000
O00ooooooooooooonD 1o 000000 chooooooon
O (Amesham0 0004 000 300 000000O0O0OO0O0OOS000 x g3
0000000000000 Dlwdd FlegOooooo
4000 300000000000 D1owWooooonD cGoooooooo
0000004000 100000000000O00O0TNE buffer 00000
000000000000 00000oOoo0DO1w 0 3x Samplebuffer (30% O
00000, 15% 20000000000, 9% SDS, 195 mM TrissHCI: pH 6.8)
godol1co D0og3 bbb uooooogboboogsbs oooon
0000000000 (SbSPAGE) 00000 OOPYDFOOOOGOGOOO
00000000 o0o0ooooooooDn TBS(20mM Tris-HCI: pH 7.5, 150 mM
NaCl ) 000000 (5% (wh)) 00000000000 00000000
000000 o00000ooooobon0 HgO4oOoOd MycOOododod GST
JodooobD oo ooooooob HRPOO 1gc OO OO
000000 o0000oooooooDn TBST (20mM TrissHCL: pH 7.5, 150 mM
NaCl, 0.05% (w/v)tween) D00 0O0OOOOOOOECLOODOOO (Amersham)
gougouogooogoo

2-2-12 invivo GST pulldown O 0O OO

OHEK293T O OOO0O0O (p60mm) DO ODOD0ODOODODOODOOOOODODOO
000000000000 03c0000000 PBS O0O0OOOOOTNE buffer
(10 mM Tris-HCI: pH 8.0, 1 % (w/v) Nonidet P-40, 0.15 M NaCl, 1 mM EDTA, 10
ug/ml aprotinin) OO0 OO00015000xg 0000000000000 O0O0O0O
00000000 oooon0 oty DOOooooDboooooooon
(Amersham)0 0 004 000 1000000000000 0OOTNE buffer 0 GST
O00ooooOoo00ooooooooooooooooooooog10 Wi 3x
Samplebuffer 0000100 D00 030000000000 0O0O0OODONODOSDS
00000000 00ooOooog (SbSPAGE) DD ODO0oDOoOoooooon
guodgougougouooooonooon
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2213 0000000000 0ooooo

OHEK293TO O OOO HepG20O 0O (5x 10 el D000 O0OOOOOOO

000 3xkB-Luc 1 ngld B -actin- -galactosidase 10 ngU D D O 0O O0OO0OO0O

gboooboooouotootdoooooooodooooouoodn

JUO0doold DNAUOUOOO 10p g0 ooooooonon

Jodboboods3ss 0o pPRBSOO00DDOD0O0OOOODOO0O0OODOO

OO0 LCpOOODODODO, Tokyo, Japan1 300l 0000 O03000000000

Jodooodoooooobodooiso00rpm OO0 ODODO0O0O0OOO

O0000oooooo0o woudddooobboodooooooooogd 100 ul

0000 Lumat LB9501 (Bad Wildbad, Germany) D 00000000 0000O0R-

gaactosidese 1 D O MO ODO0D0O0OOOROWMDOOOOOOO 230ul O Z buffer
(20 mM KCI, 1 mM MgSQO,, 50 mM 2-mercaptoethanol, 100 mM PO, pH 7.50 O O O
000050 ul ONPG OO (2 mg/ml O-nitrophenyl-B-D-galactopyranoside (ONPG),

100mM PO, pH 75 ODDO0OO30 000000 0O0OOOODODODO0O0OOOOO

O000O0OMmMMNaCO,0 250l 00000000000 O0O0O0O 420 nm
00000000000 (OoOooOo, Tokyo, Japan)D D OO0 OO0 00O OOOO

O000000OB-gaactosidese 0 0000000 O0OOOOOOOOOODOOO

0o

2-2-14 INKOODOOOOOO

HEK293T 0 0 (5x10° cells)0 0 0 0 0 O pEF-HisJNK 0 0.01 ngd 00 0 00
bbb oboouoobogooo
Jodooobodo DNAOODDOD 1owoooooboooooooon
0000000000000 D0mMOo0o0 PBSO00OOOOODOONNE buffer
(10 mM Tris-HCI, pH 8.0, 1 % (w/v) Nonidet P-40, 0.15 M NaCl, 1 mM EDTA , 10
mM NaF, ImM Na,VO,, 20 mM glycerophosphate, 10 ug/ml aprotinin) 0 OO0 0O
15000x g OO0 00000000 oon 1uwgdOd
TOODODOOO 20p 000000 GUOOOODOODDODOOOO0OOOOOODOO
O00O00D0DOOO0OOTNE buffer 0 O O O kinase reaction buffer (20 mM HEPES-
KOH: pH 7.9, 20 mM MgCl,, 150 mM NaCl, 0.5 mM NaF, 0.1 mM Na\VO,, 20 mM
glycerophosphate, 2 MM DTT )0 0 00000000000 00000O0OOO
oo oooNKUOgouougoooouooooooo
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00000 2ugd GST-cjunO OO O OO0 (Cel Signding) OO 25uCi [y -
YPIATPOOOO3000 300000000000000O0 GST-cjunO00000O
000 10%SDSPAGED 0 OOOOOOGST-ciun0 00000000 0O0O0OO
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hTIFA: 47 VKFGRN----- SNICHYTFQDK-QVSRVQFSLOLFKKFNSSVLSF------- EIKNMSKKITNLIVDSREL 103
mTIFA: 47 VKFGRN- - - - - SNMCQYTFQDK-QVSRIQFVLOPFKQFNSSVLSF------- EIKNMSKKTSLMVDNQEL 103
Duni: 56 TTIGR------ SRSCDVILSEP-DISTFHAEFHLLQMDVDNFQRN------- LINVIDKSRNGTFINGNR 111
Cds1: 60 WGFGR------ HKSCEVVLNGP-RVSNFHFETIYQGHRNDSDESEN------- VVFLHDHSSNGTFLNFER 115
Rad53-FHA1: 66 WIFGR------ NPACDYHLGNISRLSNKHFQILLGEDGN-------------— LLLNDISTNGTWLNGQK 115
KAPP: 208 VKLGR------ VSPSDLALKDS-EVSGKHAQITWNSTKFK------------ WELVDMGSLNGTLVNSHS 258
FHL1: 300 AIIGRRSENDFSHKVDVNLGPSKSISRRHAQIFYNFGTG------------- RFELSIIGKNGAFVDDIF 356
Rad53-FHA1: 601 FFIGR------ SEDCNCKIEDN-RLSRVHCFIFKKRHAVGKSMYESPAQGLDDIWYCHTGINVSYLNNNR 663

Fig. 5A Diagram of the overall structure of TIFA and aligment of FHA domain of TIFA with
that of other proteins. Amino acids identical or similar in least six proteins are indicated by
gray boxes. Asterisks indicate amino acids selected for site-directed mutagenesis. h, human;
m, murine.
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Fig. 5B Multiple-tissue nothern blot analysis of TIFA. Northern blot (Clontech) was
probed with a cDNA fragment of mouse TIFA (upper) or B-actin (lower).
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Fig. 5C Structure of TIFA and its mutants and aligment of TRAF6 binding sites.
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Fig. 5D Identification of the TRAFG6 binding site in TIFA. HEK293T cells were cotransfected
with pME-GST-TIFA or pME-GST-TIFA mutant and pME-FLAG-TRAF6. Thirty-six hours after
transfection, cell lysates were subjected to GST pull-down assay. WB, Western blot.
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Fig. 6A Activation of NF-xB by TIFA mutants. HEK293T cell were transfected with 1 ng of
3 x x¥B-luc or 3 x MxB-luc (mutant kB sites), 10 ng of B-actine--galactosidase, and 5 ug of
expression plasmid for TIFA or its mutants. Thirty-six hours after transfection, luciferase
assays were performed. Results shown are mean + S.D. of triplicate experiments and are
representative of two independent experiments.
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Fig. 6B Activation of JNK by TIFA mutants. Thirty-six hours after transfected with 10 ng of
pEF-T7-JNK and the indicated amounts of expression plasmid for TIFA mutants. Thirty-six
hours after transfection, His-JNK was immunoprecipitated with anti-T7 antibody. Immuno-
precipitates were subjected to in vitro kinase assay using GST-Jun as a substrate. The results
shown are representative of duplicate experiments. wt, wild type.
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37 C, 90 min

BAP + vanadate

IP: FLAG - _—Pp-TIFA

IB: FLAG [ e S— — = T

Fig. 7A Phosphorylated form of TIFA. HEK293T cells were transiently cotransfected with
5 ug of pME-FLAG-TIFA. Cell lyste were immunoprecipitated with anti-FLAG antibody and
incubated with alkaline phosphatase (BAP), or added with 1 mM sodium vanadate at 37 °C
for 90 min.
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Fig. 7B Identification of the domain required for TIFA self-association. GST-TIFA or its mutants
were coexpressed with FLAG-TIFA or FLAG-G50ES66A in HEK293T cells. GSTpull-down assay
were performed, and coprecipitated FLAG-TIFA was analyzed by Western blotting (WB) with

anti-FLAG antibody.

39



Void
158 kDa 44 kDa 17 kDa
\ \/ \/

Fraction: 4 56 7 8 9 10 11 12 13 141516 17 18 1920 21 22 23

45 - - e
kDa oyt -
31 - QST—3C et MBP
215 | ot hoe
2 7 TIFA
45 SRR e 8 58

S R

215 - TIFA-G50ES66A

Fig. 7C Oligomer formation of recombinant TIFA protein and that of mutant TIFA protein. MBP-
TIFA (24 ug, upper) or MBP-TIFA-G50ESG6A (lower) was cleaved with 2.4 units of PreScission
Protease (GST-3C) at 4 °C for 4 h. The reaction mixture was applied to Superdex 75 column,
and fraction (20 ul) were collected. Fraction were analyzed on 10 % polyacrylamide-SDS
gel and proteins were visualized by Coomassie Brilliant Blue staining. Arrows indicate the
elution profile of the molecular mass marker proteins (158 kDa, y-globulin; 44 kDa,
ovalbumin; 17 kDa, myoglobin) and the position of the void volume.
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Fig. 8A Interaction of TIFA with IRAK-1. HEK293T cells were cotransfected with pME-GST-TIFA,
pME-GST-TIFA mutants, or pME-GST and pEF-IRAK-1. Thirty-six hours after transfection, cell
lysates were subjected to GST pull-down assay. WB, Western blot.
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Fig. 8B TIFA links TRAF6 to IRAK-1. HEK293T cells were cotransfected with 0.2 ug of pME-
FLAG-TRAF6 and/or pEF-IRAK-1 and increasing amounts of pME-Myc-TIFA. FLAG-TRAF6
was immunoprecipitated with anti-FLAG antibody.
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Fig. 9A Interaction of TRAF6 with TIFA in 70Z pre-B cells. Lysates prepared from 70Z cells

with (+) or without (-) IL-1 stimulation (20 ng/ml, 5 min) were immunopresipitated (IP) with

either anti-TIFA, control rabbit IgG or anti-TRAF6 anti-body. Immunoprecipitates were analyzed
by Western blot (WB) with anti-TIFA, anti-IRAK-1, and anti-TRAF6 antibodies.Lysates prepared
from HEK293T cells transfected with pME-TIFA or control vector were analyzed on identical
gels. Open and solid arrowheads indicate the Ig light chain and non-specific bands, respectively.
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Fig. 9B Interaction of TRAF6 with TIFA in MEF cells. Both wild-type MEF (+/+) and TRAF6-
deficient MEF (-/-) were infected with retrovirus expressing FLAG-TIFA. Anti-TRAF6 antibody
immunoprecipitates were analzed by Western blotting with anti-FLAGantibody. Open and solid
arrowheads indicate the Ig heavy chain and Ig light chain, respectively. Lysates were also
subjected to immunoblotting directly analyze FLAG-TIFA expression.
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Fig. 9C IL-1 stimulation-dependent interaction of TIFA and IRAK-1 in MEF cells. Wild-type MEFs
were infected with retrovirus expressing FLAG-TIFA or control virus. Both types of MEFs were
unstimulated (-) or stimulated (+) with IL-1 (20 ng/ml, 5 min). Anti-FLAG antibody immuno-
precipitates were analyzed by Western blotting with anti-IRAK-1 antibody. The solid arrowhead
indicates Ig light chain. Lysates were also subjected to immunoblotting directly to analyze IRAK-1
expression.
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Fig. 10A HEK293T cells or HepG2 cells were transfected with 3 x kB-luc and increasing amounts (0, 3, or 10 ug)

of pME-GST-G50ES66A. Thirty hours after transfestion, cells were either stimulated with TNFo (10 ng/ml, HEK293T)
or IL-1 (20 ng/ml, HepG2) for 6 h. HEK293T cells were transfected with pEF-TLR4 and pEF-MD-2 together with

3 x kB-luc and increasing amounts of pME-GST-G50ES66A. Relative values in which the fold activation in the
absence of dominant-negative mutant was set to 100 are shown. Results shown are mean + S.D. of triplicate
experiments and are representative of two independent experiments.
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Fig. 10B HEK293T cells were transfected with an expression plasmid encoding one of the NF-kB activators including
MyD88, IRAK-1, TAK1/TAB1, or TRAFG in the increasing amounts (0, 3, or 10 ug) of pME-GST-G50ES66A. Relative
values in which the fold activation in the absence of dominant-negative mutant was set to 100 (expect TRAF6 columns)
or in which the luciferase activity with reporter alone was set to 1 (TRAF6 columns) are shown. Results shown are
mean £ S.D. of triplicate experiments and are representative of two independent experiments.
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Fig. 10C HEK293T cells were transfected with 0.1 ug of pME-TIFA in the absence or presence of increasing
amounts (3 or 10 ug) of expression vector encoding MyD88-(152-296), IRAK-1-(1-211), TRAF6-(273-530),
TAK1(K63W), or Ubc13(C87A). Thirty-six hours after transfection, luciferase activity was measured. Relative
values in which the fold activation in the absence of dominant-negative mutant was set to 100 are shown. Results
shown are mean + S.D. of triplicate experiments and are representative of two independent experiments.
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IxB-o x 1000 oQg oQg 1h Rabbit
Tubulin x 1000 oo oo 1h Mouse
INK1 x 500 oo 0o 1lh Rabbit
p38 x 500 00 o0 1h Rabbit
ERK2 x 500 oo 0o 1lh Rabbit
phospho-JNK1/2 x 500 oo 4 0 O/N Rabbit
phospho-p38 x 500 oo 40 O/N Rabbit
phospho-ERK 1/2 x 500 RN 4 0 OIN Rabbit
NFATcl x 200 RN RN 1h Mouse
c-Fos x 300 gu gu 1h Rabbit
TRAF6 x 300 ao ao 1h Rabbit
p52 x 1000 RN RN 1h Rabbit

3-2-11 0000000000 pe50 NFATcll TRAF6L c-Fosl p52 U 0 O

peS 00000000 ooooooooooooooooolzwdl D000
(Corning Coster)d 1m0 00000 RAW264.70 0 (1 x 10° cells)d (-)-DHMEQ
O3ugmOO00002000000000000100 ng/m RANKL 0045 O
Jodooobodoooooobooooon pBSOODO0O0OO0OOOODOO
00005 % PFA/PBSO 500 Wl OO OO0O0OO 15 000000000000
O0000oDoPBSOOOOODOOOOOOODODONO 1% tritonX/PBSO 5 O
O00000PBSOOOODOODO2% BSA/PBSOOOO30 000000 OOO
bbb ooouoboouoobogooo
000000 o00000o0oooobobobo0ooogng?2 % BSA/PBSO O OO
DO00O0O(@ pesOO[100000])0 100w D0 0000000000000
Jodool1boodooooopBShO 20000001 0 000000O0DOO
O020000000AlexaFuor5460 00000000 2 % BSA/PBST 100
O00ooooooo1oouWwboooooooooboOo3 0booooodorPBS
003 00000000000O0Hoechst 33258005 0000000000O0O
goopBSOOODDODOOOOOOODDODOOO

NFATclO TRAF6U c-FosU pS2 D D D00 000000000000 ooon
000 12-well D OOO0O 3280 000000000000 O0O0O0O0O0O0OO
000000000000 100 ng/m RANKL 000 3 pg/ml O (-)-DHMEQ O O
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24 000oog48 bbb oooobogboboooobooob
0000000000000 0D0000b000D0DbDO0O0D0 NFATel OO (100
000)00 TRAF6 D O (100 0 0 U )UD c-FosD O (100 0 O O )OO p52 O O (100
O00)oooDbhoooooobooooboloooooboopBesO g2
O0000020000000AlexaFuor5460 00000000000 Alexa
Fluor4880 00000 0O0OMO 2% BSA/PBSU 1000 0000000000 DOOO
0000040000000 000000D0000D000DO0O0ODOHoechst 33258
guooobbogooooboobuogoooooon

32-12 OO0opooooooo

glass base dish (IWAKI, Tokyo, Japan)] 3-2- 80 0 000 0000O0OOOOONO
O00000000000000(2x 10° cdls) 0000010 ng/m M-CSFO O 2
000000000 0o0oo0ooooooooDoOlng/m M-CSFO 100 ng/ml
RANKLOOO3 ug/m (--DHMEQU O UOO0OO24 00O 0OOODOODDOOo-
MEM 0O 5 uM fluo-4 AMO5 uM fura Red AMJ0.05% puronic F127 [0 0 [0 00 015 0O
Jodooobodooooooboooooooo3roos%co,u0nn
godoopo3oooododotdle-MEMO 2 0000000 10% FBSH
10ng/m M-CSFOOOOOOo-MEMOO20 00O CO,0000000000O
00000 DOHank's balance salt solution (Sgma)l) 2 DD 0000000 OOO
0 00000 (Eclipse TE300; Nikon, Tokyo, Japan)J D 000000000000
488 mm IO 0000000000 Ofulo-400505530nm O 00000000 OFura
RedDODOOOOGB00-680 mIOOODODOOOOOSO0OOOO0O0OOOOO
O040000000010uM0O ocnomycin0 0000000 10000000
g

3-2-13 000000000000

000000000000000000000032800000000000
0000000000000000000 %wdl 000000 FBSOOOO
0000000000 (6mm[0O0]x150um[00]00000)0 00 001 x 10°
00000010 ngm M-CSFO OO 100 ngm RANKLO 3 00000000
000000000000 000000000000000000000 3 pg/ml
()-DHMEQODODO0DO0DOD 20000000000000000000 1N
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NHOH O 5 000000000000 oooodooooooooooo
00000 O0O00o05%00000000000 (Chroma, Munster, Germany)
gl oodoooooooodn
HREEN

00000000000 00000000000 OAASMOOODO
( Osteogenic Core Technology, Chunan, Korig) O O O 0 00000 ddoooooo
3-280000000000000000000O0O00O00O0OOO00 OAAS™O
00000 5x10' 00000010 ng/m M-CSFO 100 ng/ml RANKL O 3 O O
O0000ooooOoooo0ooooooooooooooooboogns3 pg/ml
(--DHMEQ D0 DO 0OO0OU0O0O0O 2000000000000O0OODOODOO 5%
gbooobooooouoos oo oodooooodoodn
oottt oodooooouoogn
googo

3-2-14 LPSOOO00O0000000O0C0O0()-DHMEQDOD
OD000(Cs7BLOODOO0OD0O000)I 10000001 mO000024G
00000000 C)-DHMEQD 8mgkg 000D O0D0O0D0O0O0OO0ODOO()-
DHMEQD 010 mgm OO0 O OODMSOOOOODOODO RPMIL6400 000
270pug/m 00000 O-)-DHMEQO OO (n=3)00 M ml 00 OO0 O O Ceontrol
0 (n=3)000RPMIODOOO 1mOO0O00OE-DHMEQODODO10O
0000OPBSOOODOO 5 mgml LPS (Sigma)d 25 mgkg 0O 000000
000000000000 00 Hamilton)D 0000000000000 Ocontrol
0000O00O0PBSOOOOODOOOOOOOO2400000000000
()-DHMEQD 8ImgkgO 000000000000 O0OOOOO
00000000000000000000000000000000 (10%
00000000005% 0000000000PBS base) 45 mO0002 0O
004 000000000000000PBSOOOODOOOOOOOOOO
00000000000000000000000000000000000
00000000000MO000mMO0000No0noonoonmog (10%
EDTA-NaOH pH 70000004 00002 0000000000000000
00000000050000000000000000000PBSOO0OO
000000000000000000000000000080 %0000
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Jodooobo4 0wl oounooooo
gooooowxl 0000000y Uddflo %
bbb ooiouoobouoooooo
googon

000000000 JB-4 embedding Kit (Polysciences, Inc., Warrington, PA)C U
godoo400 400000000 000000ODDODDO0OOOO2000
bbb oboouoobogooo
0BA400000000000O0ODO0O0O0O20000000000000O0
bbb oboouoobogooo
Joodooooooob 2umd0d0dgooooooioogooobOd 100 wm
Jod 3000pouodooobooooooboboooooooon
JodooooDmibod@mbodoodmoog TRAPOOOOOO M7 O
10000000000t uotdTRAP DU D000 ooooooo
goooodooooboiiooooooboobbooboobooooon
O00ooooog (Sgmal D0 0ooooooooooooooooon
guodgougobool TRAPUOOOUO 40000000000000O00
0000000000000 0000 Adobe Photoshop D0 000D OO OO
OO NHImage U0 O0OOD0OUOOOODOOD0OUOOOOOOD0OOOOO0O
DCS600R (Alcka)l D OO OO0 O0DO0DOD0D0OD0OD0OD0ODOOOOooooooooon
bbb ooiouoooouooooo
googoogo
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0o0oooooo
3-3-100000000000000 RAW264.7 000000 (-)-DHMEQ OO
0 RANKLOO NFxBOODOOODO

RAW264.7 000 RANKLOOOOOOOOONFBOODOOOODOODOO
ODOOOONFxBOOO()-DHMEQOOOOCOODODOOOODODODOO
ODOOOONFxB 00000000 DNAODOODOODOOOOODOODOODOO
D000O00O00O00O0O0ONFxBO DNAOODOODODO OO OElectroporesis
Mobility Shift Asssy (EMSA)D 0000000000000 O0O0O0O000()-
DHMEQ O 1-10 pygm 000 0020000000000 RANKLODO3000
0000000000000 O00EMSAODOOOOOOODOO()-DHMEQ OO
OD000O0O0OO0ONFBOOOOOOOO0000O003ugm 0000000
RANKL 000 NFxB O0OODOOOD0OOO0OO00O (Fg 13A) 00000000
00(-)-DHMEQODODOONFxB 0000000000 ODORAW2647 000
()-DHMEQ O 3pugm 0000000000 00 ORANKL O 00 O [0, 15, 30, 60
O000O00O00O00O0O0EMSA OOOO0O3 pugml O()-DHMEQ DO D OO
ODOOONFxB 000000000000 0000000000ORANKL OO
0060 000D0O0O0D0O00O0D0O0 (Fg 13B)00000pss 0000000
super-shift 0000000000000 00000ONFRB 0000000
00000000 (Fig. 13A and 13B, right lane)O]

uka 000000000000 (-)-DHMEQD TNF-aD 0O 00O NF-xB O
000000O0KB OO0O0O0DOO0OO0O00ODO0OO000O0O00O (900000
RANKL OOOONFxB 0000000000000 O00O00O0O0IKB O
0000O00()-DHMEQOODODODODODOOD3 ugml O(-)-DHMEQ O
RAW264.7000 2000000100 ngm O RANKLODOODOOODOOOOO
00oo 5 15 30, 6000000000000000 kBOOODOOO tubulin
00000000000000000000000000(-)-DHMEQ 000D
O00OO0O0O0OO0OOO0OORANKLODOOOS500 kBOOODOOOOO150
0000000600000 0000000000000000 (Fig. 13C, upper,
left 5 lanes)J IkxBO NF-xBO O OODOO0DOO0OO0O0OO0OO0OO0OONFkBODOO
00000O0IKB 00000000000 000000 (4500000000
()-DHMEQ D0 OODODOODOODOORANKL 0000500 IkBODOODOO
000000O00KBOOODOOODOOOO0OO (Fig 13C, upper, right 5 lanes)O
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ODOOOORANKL OOOOOOOOOONFxB OOOO0O(-)-DHMEQ 0D OO
0000000000000 000IkBOOOOOOONFkB OONLSOOO
00000000000000000000 (66,67)0TNFod 0000 ONF-xB
0000O0()-DHMEQ O0D0O0D0O0D00OD0JMrka 0000000000000
0000 (90000 0ORAW2647000 3 pug/ml O (-)-DHMEQD 2 0O OO
OORANKLODOODO45000 pe500000 pe5000000000000
()-DHMEQ 0O O0O0DO0000O000Opss 0000000000000 00
00000000000000 (Fig 13D, upper, center pane)0 0000000
()-DHMEQ 0O DO0DO0D0O0D0Opss 000000000 000000000
0000000000000 (Fig. 13D, upper, right pane)0 00000000

()»-DHMEQOORANKLOODOOOODOOO NFxBOOOOOODOOOOODO
00O0oo0000o0oon
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one 100 ng/mi {\\\Q
(--DHMEQ RANKL cggq’

mgm) 0 1 3 10 0 1 3 10 =X
L B T .,

-« super-shift

- free-probe

Fig. 13A Inhibition of RANKL-induced NF-xB activation by (-)-DHMEQ. RAW264.7 cells were cultured
with or without (-)-DHMEQ in presence or absence of RANKL for 30 min. Then the nuclear extract was

assayed by EMSA. Sample were loaded on a 4 % polyacrylamide gel and electrophoresed at 150 V.
An autoradiogram of the gel was shown.
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100 ng/ml none 3 ug/ml XN
RANKL (-)-DHMEQ &

(min) 0 15 30 60 O 15 30 60

-« super-shift

<« NF-xB

NF-xB
EMSA

~a non-specific

- free-probe

Fig. 13B Inhibition of RANKL-induced NF-kB activation by (-)-DHMEQ in time course. RAW264.7 cells
were cultured with or without 3 ug/ml (-)-DHMEQ in presence of RANKL for indicated time. Then the
nuclear extract was assayed by EMSA. Sample were loaded on a 4 % polyacrylamide gel and electro-
phoresed at 150 V. An autoradiogram of the gel was shown.
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100 ng/ml none 3 ug/ml
RANKL (-)-DHMEQ

(min) 0 5 15 30 60 0 o5 15 30 60

lxB - e o - e =-

tubulin ----------

Fig. 13C Effect of (-)-DHMEQ on RANKL-induced IxB degradation and resynthesis. RAW264.7 cells were treated
with 100 ng/ml RANKL alone or together with 3 ug/ml (-)-DHMEQ for indicated times. The lysates were fractioned
on a polyacrylamide gel, and immunoblotted with anti-lxB and anti-tubulin.
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3 ug/ml
none (-)-DHMEQ

RANKL

P65

Hoechst

Fig. 13D Inhibition of RANKL-induced NF-xB nuclear translocation by (-)-DHMEQ. RAW264.7 cells were treated
with or without 3 pug/ml (-)-DHMEQ and with or without 100 ng/ml RANKL for 30 min, and then cells were fixed
and stain with anti-p65 antibody and Hoechst 33258. Magnification, X 40.
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332 RAW264.7 00 000O0O(-)-DHMEQU U O RANKLOOOOODOO OO
g

J00oobooodooonon RAW264.7 DORANKL ODODO 500000
000000 o0o000oooooooobood(-)-bHMEQ OORANKL OO0OO
O0000000o0oooooooooO0oo0oo00oo0dOoddoi ng/m RANKL
O0O00@G-DHMEQUOOODO 0,03,14,3ugm O0000RAW264.70 00 500
oo dTRAPOUODOOODOUOTRAPODOOODOOOO
OO0C-DHMEQUUOOOODODODDOOOO0O0O0OO (Fg 14A)0000 0O TRAP
Oo0oooooo 400000000000000¢)-DHMEQUUOOOODONO
D000000F-DHMEQO O DO Bugm 00D OD00O0O0000 (Fig. 14B)0

0000000000 00000 cahepsn KOODOOODODODODOOOGOOOO
0000000000000 O0cathpsn K OOO0OOOOOOODODO 1000
O0000o0o000ooodd-)-DHMEQO TRAPO O OO O O O cathpsin K [0
O0000D000000000000 cathepsinK detectionkitD 0000000
cathepsin K detection kit D O Ocathpsn K DO O O0O00O0OO0OO0O0OOOOOOO
cahepsn K 000 000O0OODOODDOOOOOO0OOODODODOORAW264.7 O
00 100 ng/ml RANKL 00003 pg/ml ()-DHMEQUI OO O0O5000000
cathepsinK detectionkit U D D 0D OO0 0 00O 0O OO O O(-)-DHMEQ O Ocathepsin
KOOOODDODoODOoooooooooo (Fe. 140000000 O(-)-DHMEQ O O
RAW264.7 000000 RANKLOODODDODUOOOUOOOODDOOOTRAPO
O0 cahepsnK OO OOOOODODOOOOOODOO
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100 ng/ml
RANKL

Fig. 14A Inhibition of RANKL-induced osteoclastogenesis in RAW264.7 cells by (-)-DHMEQ. RAW264.7 cells were
cultures with the indicated concentrations of (-)-DHMEQ in the presence of 100 ng/ml RANKL for 5 days. The cells
were then fixed and stained for TRAP, and photographs were taken. Magnification, X 20.
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TRAPT MNC number/well

100 ng/ml RANKL

Fig. 14B Quantitative analysis of the effect of (-)-DHMEQ on RANKL-induced osteoclastogenesis in RAW264.7
cells. RAW264.7 cells were treated as in "A." Multinucleate (> 3 nuclei) TRAP-positive cells per well were counted.
Each value is mean + S.D. of triplicated diterminations.
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M-CSF/RANKL
+(-)-DHMEQ

M-CSF/RANKL

Cathepsin K

Hoechst

Phase-
contrast

Fig. 14C Effect of (-)}-DHMEQ on RANKL-induced cathepsin K activation in RAW264.7 cells. RAW264.7 cells
were incubated with 100 ng/ml RANKL in the presence or absence of 3 ug/ml (-)-DHMEQ for 5 days. Then the
activity of cathepsin K was visualized as described in Experimental Procedures.
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333 00000000000000(BMMY0O00O0(-)-DHMEQ 00O
RANKLOO NF-xBOOOOOO MAPKOODOODOODO

000000000000000O0@MMYOOO00OO000O00O0OM-CSF
00000000000000000BMM 0000000000 O00O0O
0000000000000 000RAW2647 0000 O00O(-)-DHMEQ OO
ODOO0OODOO0OORANKL O0OOO0ODOO NFxBOOOOOODOODOODOO
00000000000000000000000BMM OOODOOO0O0OO
ooooo

ICROODO(DO0800)00000000000000000O0OOM-CSF
OO000O0OBMM OOOOOOOCOOO BMM OO()-DHMEQ DO D0ODOOO
OORANKLOOODOO30 000000000000EMSAODOODOODOO
00(-)-DHMEQ 0D ODCDO0DODODO RANKL OOODOOOOODO NF«kB O
D00000003ugm 00000000000 (Fg. 15A)0

RANKLOOOOMAPK 0OOO0O0000000O00O0000 (47000
00(-)-DHMEQOORANKLOODO MAPK 0000000000 O00O00OO
000000000000000000000 BMM O(-)-DHMEQ O 2 0O
ODOOOOORANKLODOODODO, 5 1530, 60000000000000000
O00O0000O0O0O0O0OO0OMAPK 000000O00000000000000
00000000000 0000000O0NKOpP38OERK 00000 MAPK
0D000O0()-DHMEQ 0000000000000 OD0 (Fg 15B) 00000
00(-)-DHMEQOORANKLO OO NFxBODOODOOOOOOOOMAPK OO
00000000000000000

80



S

Q)
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EMSA ‘ -« non-specific

-« free-probe
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EMSA

Fig. 15A Inhibition of RANKL-induced NF-xB activation by (-)-DHMEQ in BMMs. BMMs were cultured with or
without (-)-DHMEQ in the presence or absence of RANKL for 30 min. NF-Y DNA-binding activity was measured

as internal control. Then the nuclear extract was assayed by EMSA. Sample were loaded on a 4 % polyacrylamide
gel and electrophoresed at 150 V. An autoradiogram of the gel was shown.
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3 ug/mi
100 ng/ml none (-)-DHMEQ

RANKL 0 5 153060 0 5 15 30 60 (min)

-

e

p-JNK1/2 il o

p-p38 ¥ 5.

p38 "o oo

T

0-ERK1/2 - - - -

Fig. 15B Effect on RANKL-induced MAPKs activation by (-)-DHMEQ in BMMs. BMMs were stimulated 100 ng/ml
RANKL in the presence or absence of 3 ug/ml (-)-DHMEQ for indicated times. The cell lysates were fractioned by
12.5% polyacrylamide gel electrophoresis and immunoblotted with anti-phospho-JNK, anti-phospho-p38, or anti-

phospho-ERK.
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3-3-4 00000000000000000000()-DHMEQ OO0 RANKL
00000000000
M-CSFODODOOD0OO0O00O00O0000000OD0ODOOM-CSFORANKL
000 203 000000000000000000000 (-)-DHMEQ OO0
00000000000000000()-DHMEQ (0, 0.3, 1, 3 ugm)O OO0 O
RANKL OOO BMM OOO0O0OO0OO0OOO0OOO0OOORANKLOODOO20000
D000000O00OO0TRAPOOOOODOO()-DHMEQO O OO OO O TRAP
000000000000000 (Fg. 16A)00000(-)-DHMEQ DODO OO
0000000000000 00000000000000000TRAP OO
000000 400000000000000@C)-DHMEQOODODODOO
0000@)-DHMEQD 3ugm 0 0000000000000 00 (Fig. 16B)0
()-DHMEQ 0000000000000 OOBMM 00OD0O0O0O0O0OO
D000O00O00O0BMM O0O00O00O0(-)-DHMEQ OOOODOO0ODOO
003 ugm OC)-DHMEQ 0000000000000 O0O0ODODODOO
000000000000000000000 (Fg. 16C)00 00 10 pg/ml O
()-DHMEQ 0000000000000 00000000O0000000O00
0000000 (Fg 16D)000000O0()-DHMEQ 0O OODOD0ODOO
ODOO0O0DOO0OONFB 000000000 O000O0OBMM 0OO0OOOO0OOO
00000000O000000

OOO0OONFxB 000000000000 000000000000000
0D000O0()-DHMEQODOOD RANKLOODOOO0-24 00000 2448000
ODOO00OO0OO0OOORANKLOOOOD 024 0000000000000000
D00000000000000O00O000RANKLODOODO244800000
00000000000000000000000000000000000
000000000000 (Fg 16E)0000000000RANKLOODO NF-
xB 0OOOOO0O0OO00O00D0000000000000000000000
00000000000000000000000000000000000
0ooooo
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100 ng/ml RANKL

(-)-DHMEQ 0 0.3 1 3
(ug/ml)

TRAP DA il e

Fig. 16A Inhibition of RANKL-induced osteoclastogenesis by (-)-DHMEQ in BMMs. The effect
of (-)-DHMEQ on the formation of TRAP-positive multinucleated cell. BMMs were cultured with
10 ng/ml M-CSF and 100 ng/ml RANKL for 48 hours with or without (-)-DHMEQ Then the cells
were fixed and stained for TRAP. Magnification, X 10.
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Fig. 16B Quantitative analysis of the effect of (-)-DHMEQ for RANKL-induced osteoclasto-
genesis in BMMs. BMMs were treated as in Fig. 16A. After the TRAP staining, multinucleated
(> 3 nuclei) TRAP-positive cells per well were counted. Each value is the mean + S.D. of
triplicate determinations.
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8 5000 <10

Fig. 16C Effect of (-)-DHMEQ on cell proliferation. BMMs were cultured in the presence of
10 ng/ml M-CSF for 24 hours or 48 hours with various concentration of (-)-DHMEQ. Each
value is the mean £ S.D. of triplicate determinations. *; P < 0.05 against the value of
proliferation with no (-)-DHMEQ added. n.s.; not significant.
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Fig. 16D Effect of (-)-DHMEQ on cell viability. BMMs were cultured in the presence of

10 ng/ml M-CSF and various concentration of (-)-DHMEQ for 24 hours or 48 hours, then
the viability was measured by trypan blue dye exclusion. Each value is the mean_+ S.D. of
triplicate determinations.
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Fig. 16E Effect of early- or late-phase addition of (-)-DHMEQ on osteoclastogenesis in BMMs.
BMMs were incubated with 10 ng/ml M-CSF and 100 ng/ml RANKL for 48 hours in the presence
of 3 ug/ml (-)-DHMEQ for indicated periods. Then multinucleated TRAP-positive cells were
counted. *; P < 0.05, against the value of no (-)-DHMEQ added. Each value is the mean + S.D.
of triplicate determinations.
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Fig. 17A Inhibition of RANKL-induced long-term NF-kB activation by (-)-DHMEQ. BMMs cells were cultured
with or without 3 ug/ml (-)-DHMEQ in presence of 100 ng/mIRANKL for indicated time. Then the nuclear
extract was assayed by EMSA. Sample were loaded on a 4 % polyacrylamide gel and electrophoresed at
150 V. An autoradiogram of the gel was shown.
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Fig. 17B Effect of (-)-DHMEQ on RANKL-induced p52 production and p100 resynthesis.
BMMs were cultured with 10 ng/ml M-CSF and 100 ng/ml RANKL in the presence or
absence of 3 ug/ml (-)-DHMEQ for indicate periods. Then the cell lysates were fractioned
by 10% polyacrylamide gel electropheresis and immunoblotted with anti-p52 antibody or

anti-tubulin antibody. N.S., nonspecific.

91



M-CSF/RANKL
+(-)-DHMEQ

Fig. 177C Effect of (-)-DHMEQ on RANKL-induced p100 resynthesis in BMMs by
immunostaining. BMMs were traeted or not with 3 ug/ml (-)-DHMEQ in the presence

or absemce of 100 ng/ml RANKL for 24 hours. Then the cells were fixed, permeabilized,
and stained with anti-p52 antibody and Hoechst 33258.

M-CSF M-CSF/RANKL

p52/p100

Hoechst
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Fig. 18A Effect of (-)-DHMEQ on RANKL-induced expression of NFATc1 in time course.
BMMs were incubated with or without 3 ug/ml (-)-DHMEQ in presence of 10 ng/ml M-CSF
and 100 ng/ml RANKL for indicated times. The cell lysates were fractioned by SDS-PAGE
and immunoblotted with anti-NFATc1 antibody or anti-tubulin.
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Fig. 18B Effect of (-)-DHMEQ on RANKL-induced expression of NFATc1, c-Fos, or TRAF6. BMMs
were cultured with 10 ng/ml M-CSF and 100 ng/ml RANKL along with the indicated concentrations

of (-)-DHMEQ for 24 hours. The cell lysates were fractioned by 10 % polyacrylamide gel electro-
phoresis and immunoblotted with anti-NFATc1, anti-c-Fos, anti-TRAF6, and anti-tubulin.

tubulin




Day 1 Day 2

none (-)?SLI?II/\/TEIQ none (-)?DMI—QIKTEIQ
Hoechst i * :
Hoechst - -

Fig. 18C Immunofluorescence analysis of effect of (-)-DHMEQ on RANKL-induced expression of
NFATc1, c-Fos, or TRAF6. BMMs were traeted or not with 3 ug/ml (-)-DHMEQ in the presence of
RANKL for 24 hours or 48 hours. Then the cells were fixed, permeabilized, and stained with anti-
NFATc1, anti-c-Fos, anti-TRAF6, or Hoechst 33258.



M-CSF/RANKL

M-CSF M-CSF/RANKL +(-)-DHMEQ

§ 1.0 | 1.0 1.0

0.8 0.8 0.8
g 06 0.6 0.6
© 0.4 0.4] 0.4
. I

5 0.2 0.2 { i 0.2
§ 0 = 0 ——————————— 0 A

0 100 200 300 O 100 200 300 O 100 200 300

Time (sec) Time (sec) Time (sec)

Fig. 18D Effect of (-)-DHMEQ on RANKL-induced calcium oscillation in BMMs. BMMs
were incubated with or without 3 pg/ml (-)-DHMEQ in the presence of 100 ng/ml RANKL
for 48 hours. The calcium change in the cells coloaded with fluo-4 and Fura Red. The
increase in percent maximum ratio from the baseline was plotted with an interval of 5 s.
The increase in the maximum ratio was obtained by the addition of 10 uM ionomycine at
the end of experiments. Each color indicates an individual cell in the same field.
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Fig. 18E Effect of NFATc1 overexpression on osteoclastogenesis in (-)-DHMEQ-treated
cells. BMMs were infected with retroviruses expressing NFATc1, c-Fos, or TRAFG6.
After 2 days, the cells were treated with 10 ng/ml M-CSF and 100 ng/ml RANKL in
presence or absence of 3 ug/ml (-)-DHMEQ for 2 days. Then, the cells were fixed and
stained for TRAP.
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Fig. 19 Effect of (-)-DHMEQ on TPA/ionomycin-stimulated Jurkat cells. Jurkat cells were incubated
with the indicated concentrations of (-)-DHMEQ in the presence of 5 nM TPA and 8 uM ionomycin
for 30 min. Then the nuclear extracts were prepared and assayed by EMSA.
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Fig. 20A, B Inhibition of bone resorption by (-)-DHMEQ. (A) Pit assay using dentin slice. BMMs were incubated
with 10 ng/ml M-CSF and 100 ng/ml RANKL onto ivory dentin slices for 3 days. Osteoclast formation was observed
on day 3. the cells were incubated with or without 3 pg/ml (-)-DHMEQ for additional 2 days. Then the dentin slices
were washed with 1IN NH4OH and stained with 0.5% toluidineblue. Magnification, x 40. (B) Quantitative analysis.
Pit area were measured by the Adobe Photoshop and NIH Image. Each value is the mean £ S.D. of triplicate
determinations.
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Fig. 20C, D Inhibition of bone resorption by (-)-DHMEQ. (C) Pit assay using OAAS™ plate. BMMs were incubated
with 10 ng/ml M-CSF and 100 ng/ml RANKL onto OAAS™ plate for 3 days. Osteoclast formation was observed

on day 3. the cells were incubated with or without 3 pug/ml (-)-DHMEQ for additional 2 days. Then the plate were
photographed after wash out the osteoclasts. Magnification, x 100. (D) Quantitative analysis. Pit area were measured
by the Adobe Photoshop and NIH Image. Each value is the mean £ S.D. of triplicate determinations.
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control LPS+medium LPS+(-)-DHMEQ

Fig. 21A Inhibition of inflammatory bone destruction in vivo by (-)-DHMEQ. LPS (25 mg/kg) was injected to calvarial
bone of C57BL6 mice.The mice were intraperitoneally injected with (-)-DHMEQ (8 mg/kg) or solvent medium from
day 0 everyday for 5 days, and sacrificeded on day 6. Then, the calvarial tissues were fixed, decalcified, embedded,
and the sections were stained with TRAP and methylgreen. Magnification, x 20.
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Fig. 21B Effect of (-)-DHMEQ on the increasing of osteoclast formation in LPS-induced bone destruction
model mice. Multinucleated TRAP-positive cells were counted in the area with in 500 um from the site of
LPS injection. *; P < 0.05, against the value of no (-)-DHMEQ treatment. Each value is the mean £ S.D.
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Fig. 21C Effect of (-)-DHMEQ on the increase in marrow cavity in LPS-induced bone destruction model
mice. Increase in the marrow cavity were measured in the area with in 500 um from the site of LPS
injection. *; P < 0.05, against the value of no (-)-DHMEQ treatment. Each value is the mean + S.D.
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Fig. 21D Effect of (-)-DHMEQ on the bone mineral density in LPS-induced bone destruction model
mice. Bone mineral density were measured in the area within 500 um from the site of LPS injection.
* P <0.05, against the value of no (-)-DHMEQ treatment. Each value is the mean + S.D.
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