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NFxB regulate several inflammatory related molecules and evoke immune and inflammatory response by several
stimuli, therefore inhibition of NFxB activation would be a novel therapeutic strategy. To date, there are many conven-
tional drugs including nonsteroldal or steroldal anti-inflammatory drugs or immune suppressors etc. were known to in-
hibit NFxB activation, however, several side effects were also reported. Recently, double stranded oligonucleotide in-
cluding NFxB binding sequence, called NFxB decoy, was developed to prevent NFxB activation, which is powerful tool
in a new class of anti-gene strategy for molecular therapy with low side effect. However, NFxB decoy is easily degraded
by nuclease and rapidly excreted to urine, therefore it is necessary to develop carrier for NFxB decoy therapy. Here, we
shall review delivery system for NFxB decoy and introduce our cell-selective delivery system for NFxB decoy using sugar
decorated cationic liposomes.
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1. FL&IC ZIEWHLNIVICRT ZENHETH S (Fig. 1).
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Fig. 1. The Decoy Oligonucleotide Approach to Block the
Function of Transcription Factor NF«xB
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TAARXKDHBIREIEEHLT 27201213,
NFxB 7 O ZfEfifdNEES 27U NY —
AT LOBRFENBETH S, TITHABMTIE, £9
NFxB {§ 1L & R0E & DBIRK AU IX 7 LA T
ROKRNENEERE, NFkBTF a1 OF v 1) 7IiIZDOW0
TR TS EEBIT, DNLbNA B L /= NFkB
T a1 OMERZEZEF vV TITK S invivo
=TT 2T AT LD M OPIRIERN R, =
5121F, siRNA AQEHIZ DWW Tk 3.

2. NFxB &RIE

LB D NFkB 13, SHEORLL5 > NIE
(p50, p52, p65 (RelA), RelB, c-Rel) n5725
homo- X I hetero-dimer THL SN 5. Z D KED
43713 p50/p65 D homo-dimer TH VD, @4, IkB &
XN B HES > N7 B &5 UG RRE Tl
FUEICHFEIEL TWD, LY IO 1B family 13,
IkBa, IxkBB, 1xkBy, Bel3 nHIGNTHBD, Ih
504 N7 EIE NFkB IZ# & L, NFkB D&%
T 7 FIVEBVRT I EI2L D NFkB O BT
ZHE, X3, NFBfEGMALZENRT I EITX
D NFkB OF J L FOZEBEESINOH G ZHEFL
TW3 WNFkB Id, U ARZH$E (lipopolysaccha-
ride: LPS), ¥ b >, {EMEMEE, BRI E
2 DIORKFIC K DIERILE YA b1 2,
ERTFEHEORIEREESY >NV EEAZRET 5.
NFxB OIEE LKL, 4 DICkMEIND.9 &b
— % f) 7% Canonical pathway |Z, TNF-o, IL-6,
LPS %12 & % IxB kinase 8 @& L IC 5] & i <
IxB O serine #H D U 2 IRIKIC K BRSO ZAL,
lysine BE DI EFF M2/ T IkB 7REICL D,
NFkB O N O BT, EBEHEENFHEIND.
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IZ & % IxB kinase o DIEF LI LD IkB DU R
{b%& # T NFxkB I3 {E b T 1%, 1kB kinase JE{K
FHY75 Atypical pathway 13, hypoxia, EEE{L/KZE
KO UV BT K O &L & 7172 Try kinase $°
casein kinase-11 12 & % IxkB OEMH{LIZ &L D NFkB
MIEEE I NS, Hf2IZ, 1B kinase K77 Atypi-
cal pathway 1%, &Iz 77T KD IkB kinase {& 1k
{2 # T NFxB 23E LS N 5.
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YA A, #EST, TENAE, RIE R
BICHET 20T TH2.59 —F, oD 2N
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%. IxkB R & L2 AL, IxB i &£ 7=
I3 IkB #7812 & O NFxB iG AL 2 M9 2 HikEn
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Table 1. Inhibition of NFkB Activation by Various Com-
pounds

Target Mechanism Drugs References

IxkB | Inhibition of IxkB | Aspirin, salicylic 11, 12, 13,
kinase acid, Metotrexate, | 14, 18, 19
Piceatannol, efc.

Inhibition of Pro- | Cyclosporin A, 15, 16
teasome FK506, etfc.

Upregulatory of Glucocorticoids, 17
1xB etc.

Increase of IxB IxB coded 20, 21

adenovirus efc.

NFxB | Inhibition of
NFxB binding

NFxB decoy 22

TH KD BHBEEIC L HEERRNERANGERE S
N5 ENASNTNS, IS OBEFEDOKS T
AWM Z, SE4E IkB kinase fHESK & U TAHISK X
NZEHBH 20, TOREHICEL TISHBOM
RS, 1819 —75 ) IkB 78 IC K % NFkB i
MALIHIEIE, TV A2 Wiz kB i 58 5
MEFT 5NN, TAINANERT Y —HHDOREN
T AT D i It o f g SR AT E & 7 %, 2020

IT4E, NFxB HIKZ 1) & U7z NFxB 1§ (b
HlEE U C NFkB =1 DT S N/=. NFkB 57
J11%, 9-10 #7572 5 NFkB Bkl v &2 &
DA DNAAVIXZ LAF RTHD, 1EH
SN/ NFkB /S NFkB 571 &G L, 7/ Lk
@ NFxB M NDfEGZHOHET 52 &1
& U NFkB O#EIEHEZ EH L X)VIZKET. 2 Lz
23> T, NFkB 5 O % 27z NF«B i& b il
13, NFxB BIRZIEN &9 5 72 OIE LR IR K
Y NFxB IE L HIH N JEECTH D, F/,
NFxB 8BS MK F IR IR O B W HIE T H 5.
FBEICONETIE, BB R T E2F %A 5
ZHETHEZFSTI1DE hADOEENEmS 1,
NFkB 5314 &7 bE— 1R R G RIGHEIE S U THIR
BFRENED 5N TND,

T A ELSNC, Y 2N B OFE B %
55#ELTY > Ft > X DNA ® siRNA 72 ED
BIRIESE G & DR FREMGNENH S, L
MUTEM S, NFkB ZREM & U7z IE R B BRI
KT HBEENDIHEE X 5 &, NFxB HIEDFE
BN X 2 MR REAEFF N\ D BNR S I N D,
I 512, siRNAIZBIL TiE, Mrl O % HE 4 5

M2 53 5 Toll like receptor (TLR) family O
TH siRNA OELHIIEKFRYIC — 4G RNA % 583%
9% TLR3 X%, siRNA O FIKGFIIC RT3
TLR7 KR8 12k D IFN FEAEFF T 2 Z &N
I, 2429 PIE D R BB A O AIE 573
FEEDBETH S,

4. NFkBTAADY—5T 4L AT L

FUVIXZLAF REZEELE L TEKITHEAT
ZBRITIE, EANRAENEREZEZZE L /- DDS D&%
FINETH S, KNBEREZGFEMT 5 & Zi2id4 Y
IXTVAF REEBRIOBKRI NS &S THE E
LTHRADZENHRETH S, T Thhbnn
NETICEMLTE Y 2NV EIESE SO DDS B
FICBT 2B A NEROZRICHEDE, 0 41y T
XU LFF ROEEBRD RN DBATIT DN TH
B Efro 7.

AU TR LAF RIZY 7 ANERIRNE 5%, 1
FRODESNIHETEEEDICIAfFTLTX YV L
7 =YKV EEZTDHIEDIRINGZ. T ZD
OrREENL, U R DI E Wiz in vitro EERO
FERNS FHEIND XD BHIF BN i F LA D
A=A NIEHETEX VL7 —YIZk5b5
fif % 2V B REMEDVRIB I N D, T I TRIZ, /i
DB W TELHREHMOT -T2 L TE
YR EmNB 277282 A, AUTIXZ LA F
RIZRERIE A i B 1T W TR IR S 1 %
ZEMHENER DD

TAHAVIXZ LA F RO NFkBF a1 (4
TEK13000) 1%, RUT7=A>oMEE2HET S
W, 7ZAHETH LSRN EOEMKFEICKD
HIANOB D AAIHIRINTND EEZ SN TN
5. Fiz, mPAEL5RIE, XL T7—Hickbhn
il e OSRERIR 2381 K 0 L 2 532N IR T 2
EEZ5N5. EFEIZ naked NFxkB 5 O 1 % ik
WG LzEZn, Eenicmbnsilekl, Bk
NODOHEFET 30 (% of dose/g tissue) TdH B —F,
DI NOERBIIFTEALERD NN/ L
72M> TNFkBTF a1 ZEELELTHATSIC
\%, NFxB 5 11 ORNERERHE 22 & U R HHA
EIIEANM LN NFkB T 1 28 A X85 in
Vivo ¥ =T A4 VT ATADRENBHETH D
(Table 2).

Desmet 513, naked NFxkB & 11 Z K ENFE
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Table 2. Non-carrier or Carrier Mediated NFxB Transfer

Non-carrier mediated transfer Target tissues or cells Administration route References
Naked NFxB decoy solution Lung Intratracheal instillation 29
Bowel Intrarectal administration 30
Stent Artery Local administration 31
Gel sheet Aorta Local administration 32,33
Ultrasound-Microbubble Artery Local administration 34
Carrier mediated transfer Target tissues or cells Administration route References
HVIJ liposomes Lung Intravenous administration 35
Liver Intraportal administration 37
Bowel Intrarectal administration 38
Kidney Local administration 39
Artery Local administration 40
Cationic liposomes Lung Intranasal administration 41
Kidney Local administration 42
Mannosylated cationic liposome Macrophages, Dendritic cells, Kupffer cells Intravenous administration 28
Fucosylated cationic liposomes Kupffer cells Intravenous administration 59

£ 5 L OVA {fth{t NFkB il s b 2 & %
EMSA JEICKDERL TWE .2 £/, De Vry 5
1%, naked NFxkB 7 O iFik & < 7 A DE G \EHE
BETHZEICIVBROWHNTEZEHEL T
W5 30 RBSIE, DIBEZESPRLAE D /N )L — 29
FICHWSMEWERR I T—7I)V (XF2F) I
naked NFkB 7 1A 2 d—7 1 > 7 L, UH¥FOK
BIRICIFEA L2E 2 A, &N ML 5 166 2
MHIL, NIV — EEIC K D KEIIR D M5 A
HHFITEZEREL TND D ZE51F, 750O—
I PR B IR BE (L E D 6 2 H 1912, hydroxypropyl
cellulose & polyethylene glycol & U 72 S Rk S /=
AU~ —3— bIZ naked NFkB & a1 2 /3813 &
ABINC T T F T T v S QBRI FAL RS D £
HZEITRoxr0T7y =TSO A Mo VR
A K OB AREEL TR R RS e L LT
W5, 323 x7- WEFRERALUZHEELT,
RAZANT )N OBERBFICEIOFEET S oy
ki % FI|H L naked NFxB % Bk D 48 3E BB AL 12 %
AU I8 B2 MR R 035 © N7 B B 30T 5
n5.
—F, FYUTZERAWEREELT, RESIE,

& @l & Y R — LA Hemagglutinating Virus of

Japan (HVJ) U R —AIZ NFkB 5 a1 &£ A
U, BEIRANER 51 X0 it O RIEIHIZN RN TS N
EHEL TS, D HVI URY — A, #IRNE
5%, W, M, KOEENOEMEIED SN
N, Z DM DOlEEE N DRI D S N/Rn EN S LL
AIOWE LR —HTHHDTH 5.3 —%, HV]
Ry — L OMIRNEEGIT K 5 2808, 37 BN
BHIZ KB HRME,® 2 — LK D ERAD
it 512 K % TNF-a FFEREET 1 S 1 >
KO FREG], O hma— L EHAWZEE
RUERIZ K 2 e B IS PN B B OV A A\ O Ry ¢ 5
WK DBIMAFET R h— 21072 E DRG4%
BROTRICKDEEREZREI T HMEDRIN
TWwa, F£/=, hFF > 1%HIEE GL67 & NFkB 7
O EERD SFEE B 512 K 5 i T O J85E Hi»
K % 2-Dioleoyl-3-trimethylammonium-propane &
cholesterol K V725 1 FF > %1 Ry — L & NFkB
T I EERDOEEA D /i 512 K 2 B i FEE
WG ERH? OMENZBIT 5N 5. Lk, NFkBF
I1 Z2HWERREREEZFET T S20I121F,
naked NFxkB 5 31 OFjie s, X, HFF 1%,
HVJ URY — A EDOMAEDOEICEK DI IAA#H
BEhEIN TN S,
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5. BR¥  BEREEXSKOMILERNY -7 T 1
T RT LDERAFE
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72.%9 Man-C4-Chol |3, [EEMEUNT > REHL,
URY — LAREICIEEM &V > R Z& FERFITERT
L0, MEBELRY Y ) —ABHiNPAETHS. X
7z, NFkB 541 DIEF R TH HMIE N DBIT{E
it 72 H Y1 pH &2 M E ' dioleoylphosphatidyle-
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REE9%, 2/ —ABMAFFHEYRY — L4
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75 A X N DNA BB F A )R — A
DEEERDENBER CERTHREEZHET 2HE
BRI, KFREOEBRNET SN D, 515 £

ITHELN-ERE RIS, NFKkB5 311 & Man U
R —LEmME—  +=1.0: 23 THELZEZ
%, Man U Ry — A /NFkB 5 I 1 & KDk
TRIIM 6lnm EFXPICF /R TEIN TS Z
EDMERTERE O ) —AL vy =R
LZUREEERENY 7 O7 7y —2 %2 HWT Man U
™Y — I /NFxB 5 31 EEROMALE D A H % 3
fili U7 %G5, XtHED NFxkB 5= 7 Bl hF4 >
U RY —LEEERDOGE XD ERITEWHFLED

ABNRD SNz, £z, BREEOT>FITKD
BRI D AADNHEESN, >/ —AL &7
=N UMEEL Y RY A F—2 ADREB I N
7‘:‘ 54,55)

RIZT, T ANDENRNGEE G- D& s ~ DHERE
ZHG L&A, [2P] NFkB 57 I 1 B D
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NOERENED 5NZDITH L, 0 Man U Ry — L/
[*?P] NFxB 5 d1 &KL, 5% 5 5 THIEA
#7180 (% of dose/g tissue or ml) DOEEMNED 5N
7= (Fig.2).2® £/, Man U R — A/ [32P]
NFxB 7 O 1 &K % # IR N % 5-1% O i 2 254w
HEPICHBEL 22 A, X2/ —AL BT Y —%%H
B9 % FEIA & N R,  Kupffer ff B 23 2 507 1E
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7. ® Pk, Man URY —ALMN NFkBFI1 D%
EZEREE RN DR S AN SR VAE S Gl AP AN S
ZENHLNERS T,

6. NFxB 714 OMIIZEROY -5 T 1572
AT LICED KRR A DO

IR bR VHERERERIIBVWTE, o0
77—, BHR#IAE, Kupffer MRS, SuyE 2
fZ & B SIEMEY A N A A 2 EANFREZ &
ITZENMENTWS, LPS FRMEFRES Y

12 L, Man URY —LA/NFkB 5 a1 EE5K%E
HIRNZEGELEZEZ A, MEFOTA NI
(TNFo, IFNy, IL18) OHBZMEIZNEINZED 5
7= (Fig. 3).2® —J, NFxB 5 -1 ¥, NFkB
FaAA/HZ 7 b—ZXEMY R — L (Gal YR
V—5L) EEK, hFF YR —-LERIKT
12, BEBAHERIED SN2, £,
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Fig. 2. Blood Concentration and Tissue Accumulation of [*2P] Naked NFxB Decoy (QO), and Man-liposome/ [32P] NFxB Decoy

Complex (@) after Intravenous Injection into Mice

[32P] NFkB decoy was complexed with mannosylated liposomes or cationic liposomes at a charge ratio of 2.3 : 1.0 (+ : —). Radioactivity was determined in
blood, liver, lung, spleen, kidney, heart, muscle and urine after 1, 5, 10, 30 and 60 min. Each value represents the mean+S.D. (n=3).
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Serum concentration of TNFo: (ng/mi) Fig. 4. Inhibitory eﬁect. o.f Man-llposomfz/ NFkB Decoy
Complex on NFxkB Activation in the Nuclei
©) One min after intravenous administration of LPS, Man-liposome/
NFxB decoy complex (30 ug/mouse) (@) or 5% dextrose (O) was in-
LPS travenously injected into mice. Liver was excised at 0.5, 1, 3, 6, 12 h and
nuclear protein was extracted. Each value represents the mean+S.D. (n=
Lps + Maniposome 3). Significant difference ***p<0.001, **p<{0.01. [Reprinted from Ref. 22)
complexes * with permission from Elsevier] .
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Fig. 3. Inhibitory Effect on the Production of TNFa by
NFxB Decoy Complexed with Several Kinds of Liposomes
(A), NFxB Decoy or Random Decoy Complexed with Man-
liposome (B), Inhibitory Effect of Man-liposome/NFxB
Decoy on IL-18 (C) and IFNy (D)

Serum concentration of TNFq, IL-18 and IFNy were determined by
ELISA. One min after intravenous administration of LPS, NFxB decoy or
random decoy complexed with several kind of liposomes were intravenously
injected into mice. Blood was collected from the vena cava at 1 h (TNFw), 3
h (IL-1B, IFNy) . Each value represents the mean=+S.D. (n=3). Significant
difference ***p<0.001 v.s. (LPS), #p<{0.01 v.s. (LPS+ Cationic liposome
complexes), 'p<<0.05 v.s. (LPS+ Gal-liposome complexes), *p<0.05 v.s.
(LPS+Man-liposome/random decoy complex). [Reprinted from Ref. 22)
with permission from Elsevier] .
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Mife O R Z o A7 05 RAjllEic & 2 £~
WAKD, 73— ZEMKD Kupffer i~ %)=
SEDAENTVWLZ EZBGNILE. Liedio
T, 7A—AL &7 ¥ -0 X 2FHIBO A BN
Kupffer i fEIREZEDEN B HERTH D I &
M INJ=. % T NFkB 5 a1 ® Kupfer il

BIRPEZEZEHWIC, 7a—2EMhFA4 U R
V—2L (Fuc URY —24) ZF8 U7z, Fuc URY —
I/ [?PINFxB 7 1 EEKIZ, #BIRNEGH%, 5
77 CTHEIE KT 80 (% of dose/g tissue or ml) &1V
EWERENRD 6N, £, TOHERIIT R
ZU L7 T T4 ROFTLEIC K 20 Z /s 2 320
7.3 2512, Fuc URY — L/ [P*PIEEH NFkB 5
J1 EEROEIRN T 5-1% O -l N 7341 2 34 L 7=
&EZA, Man URY —LEEHRDOGE (FIEEE
Mifa FFEERME=2.6) [T~ Fuc UKy —L#E
G (FIEREME/HREEME=4.5) OHEGDH
D) 2 fEE WIERE ML N DB D A B DFEZR S N
7259 3512, LPS MR ETIVIC Fuc U R
YV —I/NFkB 7 a1 B aHREHIRNKEG Ll
A, BERMIEN NFeB {§ s, 91 A
SREEAE], MR BRI R NERO s,
INSOHA, FBIRNEEG SNz Fuc U RY —
s /NFxB 7 31 # 5 K D & W Kupffer #fi i ~ D H
DA KB RIFNRZEZREZTLHDTH 5.

7. &HYIC

FTEYFOELWERIZHEN, EEODTHE
MEASMNT/RD EEBIT, KT, EBESRMSE N
7o BERE AR T FE B AN 2 D < ERA MR R IR Y
FInTnwsg, LirLans, BEREERRZHNE
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BEGERENLITIE, BB OMR &2 RN AN D
BRNY =T 514 2 AT LAOHBENLETH
%. 4lEl, NFxB 7 31 I1ZB L THEMHEYHIfLAD
MRRIRN Y —7 5 1 2T 2 AT LM XD PIRIER
BrmE Lz, bhbnRFE LY =TT 27
AT AL, BENMEAEERICED SEAERERIL
EHBELTNWDED, RUTZA2ELTOYHE
LM Z BT 27 > F 1 > X DNA £ siRNA
% A BEBERBANOGHBAETH D EE X
55, mitbhibiud, H727 h—ZEfMVU R
YV — L% 7z siRNA OFREERE~ND S —47
TAITXKBERT /v I T TR EHREL
77, 60 A EFAAT L 7= NFkB 5= 01 O 538 24 4l i~
OMILEIR Y —7 T 1 > 7 2 AT LK O 5
TREEMEERB OB &85 2 L2 MR 2.
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