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The Effect of Ring-type NF-kappa B (NF-kB) Decoy
Oligodeoxynucleotide on the Kidney for an
Experimental Unilateral Ureteral Obstruction in Mice
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Purpose: The transcription factor, NF-kB, is important in the coordinated
expressions of various pro-inflammatory and adhesion molecules. Our
hypothesis is that inhibiting the action of NF-kB using a synthetic decoy
oligodeoxynucleotide (ODN) can block the underlying inflammatory
response in glomerulonephritis.

Materials and Methods: Forty two male C57BL6 mice, weighting 25g, were
divided into four groups; in group 1, 2 mice were used as normal controls;
in group 2, a unilateral ureteral obstruction (UUO) was induced in 12 mice;
in group 3, 20 UUO mice were treated using ring-type NK-kB decoy ODN;
and in group 4, 8 UUO mice were treated using scramble type NF-kB
decoy ODN. The mice were killed 1, 3, 5 and 7 days after the NF-kB decoy
ODN injections, and the blood urea nitrogen (BUN), and expressions of
tumor necrosis factor- @ (TNF- @), interleukin- 8 (IL- 8), fibronectin, vas-
cular cell adhesion molecule (VCAM) and monocyte chemotactic protein-1
(MCP-1), as well as the histopathological findings, analyzed in each group.
Results: The serum levels of BUN, TNF-«, IL- A, fibronectin, VCAM and
MCP-1 were increased in group 2, but decreased in group 3. The histo-
pathological findings of the kidneys in group 3 were most similar to those
found in the control (group 1).

Conclusions: NF-kB decoy ODN treatment substantially inhibited the
disease, with reductions in the histological damage and the renal expres-
sions of inflammatory cytokines. (Korean J Urol 2007;48:815-825)
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A% = Q& v E Z-&3}= decoy oligodeoxynucleotide
(ODN)E AE W& FYsti 7t S AR
DNA Z%F 5917} decoyell of3ll A oz AR
e ZeRE ] A3 5 glA et oA
He o] &3 decoy?] A& A A3Ee MER A B
EFEA 2 7beAe HolFa vk

2o AL dFe RS AR FE EHlldlA 4
Aol WEA HS A4 WS $LAU AR
NF-kBe| &A1& AA17]7] $18te] NF-kBell !t decoy
ODNE A% fFofste] el AlzeifEd 5] Al &
5 st s Aol

CHAM 3 Hie
1. NF-kB decoy ODNQ| H|Zt

NF-kB9] sequence®} 72 Ring (R)-type NF-kB2} Scram-
ble type NF-kB decoy A4S 913 %17] AL ez} 2
=3

R-type NF-kB (wt) decoy ODN:

5-TCCCTTCAAGAAAACTTGAAGGGATTTCCCTCCAG
AAAACTGGAGGGAAA-3

Scramble type NF-kB (sm) decoy ODN:

5-GGTACGGCAAAAAAttgccgtacctgacttagcct AAAAAGGC
TAAGTCA-3

1714 NFkB AAQA7} Bold oz
e WE A FEo|w, NFKB 435S Selulo] A7)
A7IAEE HE A £AE vERi 3otk ODN 50
mer® Hpo] @Y (mlo] e s A g, ) ERE FE
A|Zrsto] A5ttt ODNE 95°CollA] 382 53k 45 713t
¥, 80°CellA] 25°CE & wj7hA] 3A 7 FF A A8 Ao
| T4 DNA 17 & 4 (Takara, USA)E H7}sle] 16°CollA]
16417F 53t REgAIA A7kl

AALe] ASA HItE 2glsly] S8 A5 EZA 25¢
Helol A7 7 C57BL6 mouses Ao & 319t
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A4 2% AL Gk Al 1T oh¥A A= oA
ke AY AT utel), Al 27E AHY 9B AN B
AT (20h2)), A 3T BEY 9 A4S B F Riype

NF-kB decoyE #2ldt & ovte]), Al 432 AFA o3
H & g 3 Scramble type NF-kB decoyS *2|g 7 (8}
g))o. 2 o] Agslgict. NFkB decoy?] X &l& 10 1g®l
decoyE MIRUS (MirusBio, USA) B|Z&& we|gdmog F
Asloich AR A HX $ 1, 3, 5, 78Rl EAFse]
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AR 74, vA-E A %3lo] OCT-8-Y (Sakura Fin-
etechnical Co., Tokyo, Japan)oll Al <4 WZ+slo] 4 ume] vt
Heo g Acksle] PFnF o AFAIAEY] a8
el e, 0 WE SolZkiA] oL Helels] Slstel
Propidium iodide (Sigma, St Louis, USA)Z tzd A4S 519
o} (Fig. 1).

e

4. M=t HAb

AYsEe] Ed AES AFste] 4°C, 10,000pmell A 82

Fig. 1. Fluorescent microscopic view of the transfected NF-kappa
B (NF-kB) decoy oligodeoxynucleotide (ODN) into the renal tu-
bular cells.
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Zr AARe skl @S FEAh 58 AR 5 o)
1A Ber 7 Eoke] WHEE By|9ste] €F o4 =%

5. Western blot 244

odsk 70°Col HASAR Aol WAL (PH buffer,
50mM pH 8.0 Tris, 150mM NaCl, 5SmM EDTA, 0.5% Nonidet
P-40, 100mM PMSF, 1mg/ml leupeptin, 1mg/ml aprotinin, 1M
DIT)= A7kt & =7 712 AExE 272
12,000rpmell 4] 303£7F A4lEelsto] A eA S Felsh
oot A Ak A]eF (Bio-Rad Laboratories, USA)-S A
S3lo] E3434 5 A Beckman, Peapeck, USA)Z A A ghuid
= B, AR A 50 nge Fsked SDS-Poly-
acrylamide geloll4] 3A17F F<F 100VE A7|d5S 3 &
10VellAl 12417k &<k WdE = (PVDF membrane, Milli-
pore, UK)S.2 whiAg Adslgiet. 2 & UdE =
TBS-T (10mM Tris, 150mM NaCl, 0.1% Tween 2002 5%7}
F A BHE skim milk& 147+ wljok-& gk Fof] Y Fibronectin
mouse monoclonal IgG (Abcam, Cambridge, UK), ¥MCP-1
goat polyclonal IgG (Santa Cruz Biotechnology, USA), &
VCAM rabbit polyclonal IgG (Santa Cruz Biotechnology,
USA)E 3A17F €9 ¥ TBS-TE 587 39 )73, a3
ol F}A3}E (horse-raddish peroxidase)e] ZdtE o] A+
27, g4, 9-F 1gG (IgG-HRP) (Santa Cruz Biotech-
nology, USA)Z 24| 7H59F Z$HA]7] 2L TBS-TE 108-7F 31
B 3 ECL ®A14%] (Amersham, Buckinghamshire, UK) 2
7}Asksto] F2] oulA] B4 7] (Ras 3000, Fuji, Japan)Z &
sFasigint.

6. Enzyme-linked immunosorbent assay (ELISA)

9] F%+ ELISA kits (Quantikine; R&D Systems, Minne-

USA)E AH8sto] ZAel9lch 27 TNF- 2} -1 8
= FA7F 525 96 well plateol] HA] HE-&-8-o
Y1 el el i i w0 e
= 50ml H7Fslod 2217k Aol A RESAIZA ) vhEo Al
47F F2E 3HA1E 100mlE 2 welloll
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WA sletglo 2 Fofs Aol MAzZAE A A
718 4 pmTAE At BEA7E HelE Seto] ol ol
gt 3t A7 & olek-E 3t FRTE AgslA TTAIA
t}. wlghEol 2] A3k 3% 2 d3kr4 §Hel 3027 A8t
of WA FHastE 4ol dig vbS-& Adsla SHRTE
AFslict. vl dl$lE2 95°C Dako Epitope Retrieval
Solution (0.01mol/l citrate buffer, pH 6.0)ol] 22| HHo| =1
3| A71Al L F 1087+ 30 epitope retriveal T8 AleY
slar AZollA A8l & PBSE Al & F3rth INF-ea,
Fibronectin, ICAM, VCAM, MCP-1¢{] tgk 1x} &-A|E 4°Coll
A] 16X 753t HE-3-A]7] 21, biotinlyated anti-mouse IgG (DAKO,
USA)Z 37°CollA] 158 7t WAt} Streptoavidin perox-
idase (DAKO, USA)Z 37°CollA4] 158 7+ uk-3-A]7]31, DAB
(3,3’-diaminobenzidine tetrahydrochloride)Z %448 & hema-
toxylin® 2 thz GAS slo] speen|7d o o & 1074
vl 9] 4008 §m]7 Alofel| A <t o R A EE Axe] 5
£ Alo] MiEgslo] 10% olds FHoE AAE S

ME

9. EX

Jon

1 2

FAIX2E $l18lA SPSS Release 9.0 (Statistical Package
Service Solution soft ware, SPSS Inc., Chicago, USA)& o]
5}99 3L chi-square test B! Student’s t-test 71 & A&}
™, pake] 005 HIRkl 795 SAH o ou] 9he Ao
= s

= i
1. R-type NF-kB decoy2| M= 2 OtHAM &tOl

A Z= R-type NF-kB decoy~= F+ 7He] F (loop)2} &+
el o (stem)E A= 2, 8t /e NF-kB AgtAle] & £33t
sk} (Fig. 2A). R-type NF-kB decoy®] SHHAlS 2487 §
s}o] Linear type NF-kB decoy$} SHE41-8 v 28}3)c}. Line-
ar type NF-kB decoy -t} R-type NF-kB decoy”} exonuclease
Mol 24§ st Ag Belsislt Fig 28).

2. 85 24 A0 CHS NF-kB decoy?| S}

HZA A 239 AF ZHlol] NF-kB decoys 5% 3
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A Ring type NF-kB decoy

5'-TCCCTTCAAGAAAACTTGAAGGGATTTCCCTCCAGAAAACTGGAGGGAAA-3'

l Ligation

A A

CTTGAAGGGATTTCCCTCCAG
A GAACTTCCCTAAAGGGAGGTC
A A

Scramble-type NF-kB decoy
5-GGTACGGCAAAAAATTGCCGTACCTGACTTAGCCTAAAAAGGCTAAGTCA-3'

l Ligation

A A

TTGCCGTACCTGACTATGCCT
A AACGGCATGGACTGAATCGGA  p
A A

B Exo Il

Ring Ring Linear
NF-kB NF-kB NF-kB

e —__3

L

Fig. 2. Structure and molecular stability of a Spl decoy oligode-
oxynucleotide (ODN). (A) Structure of a ring-type NF-kappa B
(NF-kB) decoy ODN, the NF-kB binding site is underlined, (B)
stability of a NF-kB decoy ODN in the presence of exonuclease
III (Exo III). Linear NF-kB ODNs were completely digested after
incubation for 24 hr in the presence of Exo III

A 40 - UUO Blood urea nitrogen

—e— UUO+NF-kB
354
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509 —o— Uuo

—e— UUO+NF-kB
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10 A
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¥ 1,3,5,79 5= ¢ AFelA dAs AFsle] 5 84
Ao s AT A, B ol vl S7eisict o
A|ik APEFEE R-type NFKB decoy & A 2|3t ellAle E5 o4
A9 o] Fazsle Ae & 7 I (Fig. 3A).

3. NF-kB decoyOil 28t TNF-a, IL-189| 8 x|
(ELISA)

[rt

AZA 9 oA AF] Zellof] NFKB decoys T
& F 1,35 78 e E A HEsle] dhA s 2
ik Helgk A& o] g-slo] TNF-«, IL-139] ELISA
= AA33lt} (Fig. 3B, 30). 23 A% & A7)

ulg} TNF-a, IL-1 9] & S7Hhs 298 4 9, &
B A Fof| v]sle] R-type NF-kB decoy s T3t AF ol A]
+ TNF-a, IL-15¢] W&o] 2ha3k 723 Q1%

4. NF-kB decoy®| 2|5} Fibronectin, VCAM, MCP-12]
4t 24 M| (Western blot)

B 15 - LUo TNF-alpha

1344 UUO+NF-kB
13 4
12
11 1
10 A
9
8_
74

1d 3d 5d 7d

Fig. 3. Analysis of the effect of ring-type NF-kappa B (NF-kB)
decoy oligodeoxynucleotide (ODN) on the function of the kid-
ney using ELISA; showing biochemical analyses of the blood
urea nitrogen (A), the serum levels of tumor necrosis factor- @
(B) and interleukin-1 3 (C) from UUO and UUO mice treated
with decoy ODN. UUO (n=12): unilateral ureteral obstruction,
UUO+NF-kB (n=20): UUO mice treated with a decoy ODN
injection. The UUO+NF-kB group was found to be significantly
statistically different to the UUO group using the chi-square test
(p<0.05).
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A NC 1d 3d &4 7d

“-ee
- -
WT NF-kB L! -

Control

SM NF-kB

1 Control
250 [ SM NF-kB
Il WT NF-kB
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C NC 1d 3d 5d 7d
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250 1 SM NF-kB
Il WT NF-kB
200
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Fibronectin, VCAM, MCP-12 Z7}3HS &g 4
2 3ha| Aol v]ske] R-type NF-kB decoyE FH3 A ll
A1 Fibronectin, VCAM, MCP-12] 2t¥o] 743t AL &

o1} T} (Fig. 4).

X

5. HEN 9F QUM SHDYHN MF| ZH

X st

4% 0B ALY ¥ 3 AE 43T S A
WA 249 s G BAATES A ET BRY 5
A om Ayt Aol dFAE JFI vEo] A3 Al
2% 915 9 A0 ARt 3R] AlAskelv) (Fig.
5). R-type decoy ODN& Foi3t A T9] AR oA = A5
AES AEAEL A5 Ho Aud A3 FEE
decoy ODN= Foi&}2] 9F2 <ol] vl Bgduizie] =
Ak wafeh fARA RS, A 2AE 7

B NC 1d 3d 5d 7d
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SM NF-kB
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T T
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Fig. 4. Ring-type NF-kappa B (NF-kB) decoy oligodeoxynucleo-
tide (ODN) effectively inhibits the expressions of fibronectin,
vascular cell adhesion molecule (VCAM) and monocyte chemo-
tactic protein-1 (MCP-1) in the kidneys treated with NF-kB decoy
ODN. Protein expressions of fibronectin (A), VCAM (B) and MCP-1
(C) were determined by Western blotting. The signal intensity was
quantified using a densitometric analysis. D: day, NC: negative
control, Control (n=2): unilateral ureteral obstruction (UUO), SM
(n=8): scrambled decoy ODN, WT (n=20): wild type decoy ODN.
The WT NF-kB group was found to be significantly statistically
different to the UUO group using the chi-square test (p <0.05).

A ¢kobA] tHEAQ ARE AAEAT (Fig. 6).
6. NF-kB decoy ODN F0{ £9| MAX X 5|5tx i

R-type decoy ODN o3 -0l A &= decoy S Foi3}A] 247
U} scramble 020l ]& A|7bo] 3842 TNE- 2] 1
Hol aslglov] 53 790 AelA 2asloleh, Ao
Mol BAE AXA ghobd] WEH AL ANk
(Fig. 7-11). IL-1 B, fibronectin, VCAM, monocyte chemotactic
protein-1 (MCP-D)ol| A = 5 7wt o] Zh4E|o] 9l9ir).
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Fig. 5. The microscopic findings of
the kidneys after UUO shows the
infiltration of inflammatory cells
and mild fibrosis, with tubular atro-
phy, compared with the negative
control (A). The renal morphology
of rats was determined using HE-
staining at 3 (B), 5 (C) and 7 days
(D) after the operation. UUO: uni-
lateral ureteral obstruction.
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A o] WA Aok Af-3he] W
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3 AAJARRI E2Fell gk A3 F91E 7HA & ODNe F
ofslgict. vl 5 E2F9] 6 o} (isoform): Al EA] Aol A €]
Agto] Az o2 Ao A YA AEF7 A}
A 4] 54 AlHof E2F9] Fol = DNA ¢4} Al Z5EA
< 53l vl fAA HE S SRR a3 o] B g
E2Foll 543} decoyS Foldroga) £4kE dabol|A] A
Aol ot A E WAslaL of 7)ol Fosl FAA
o] S AAsgi)

2| of&] HARIAEoN 28t decoy] Mtz A o] &
o] AEAE Zola AE oA A FE F = As
WA s7] 913 ole] &el2] decoy ODN2| 7Huto] A =¥] 3
ork ol & g iy HARJAEZE Ap-1, E3F, cAMP-

response element, Spl 5°] A|EE| I gl om MM g2

1d

3d

Fig. 6. Treatment with ring-type NF-kappa B
(NF-kB) decoy oligodeoxynucleotide (ODN)
suppresses interstitial inflammation and fibro-

7q sis. The renal morphology was determined
using HE-staining at 1 (A), 3 (B) and 7 (C)
days after the transfection of NF-kB decoy
ODN. Left: kidney of UUO (n=12), Right:
kidney of UUO treated with NF-kB decoy
ODN (n=20), UUO: unilateral ureteral obs-
truction.

F2H 02 AFHAE Psype] A Ao H]3) B
A qPgeieka Bas s 9ok aeu) & el A Bk
H ¢H43tE decoyS THE7| $lste] A¥ oL} PS-typeo] o}
i Retype?] decoy® 7NHslgict. AubH 0 2 decoy ODNell
3k QPEAE ARl f el o3l Adwht RallEA] gha
Aol 97tz Aok & ATE Fl Riype NFAB
decoy ODN<- exonuclease$} FBSoll tlall4 413 NF-kB
decoyell Blall FA Aol e Aoz Yetyeth

B o3 Fo]|A] decoy ODNO| 3o 7 4F312}s}= NF-kB
= welsh Skl Polshs §712h] enhancer 9]0
Agteto] o §AA] WS 2AE ARRA, AFA
Agke] R ol A AT o vheFat AT LI ol
223 49 33 9k NEkBoll 23 A 243
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Fig. 7. Ring-type NF-kappa B
(NF-kB) decoy oligodeoxynucleo-
tide (ODN) prevents the UUO-in-
duced expressions of NF-kB target
genes 7 days after a ureteral obs-
truction. The kidney sections of
NF-kB decoy ODN-treated rats were
stained by antibodies for TNF-a.
(A) Negative control (n=2), (B) kid-
ney of UUO (n=12), (C) kidney of
UUO treated with scrambled NF-kB
decoy ODN (n=8), (D) kidney of
UUO treated with NF-kB decoy
ODN (n=20). UUO: unilateral ure-
teral obstruction.

Fig. 8. Ring-type NF-kappa B
(NF-kB) decoy oligodeoxynucleo-
tide (ODN) prevents the UUO-in-
duced expressions of NF-kB target
genes 7 days after a ureteral obs-
truction. The kidney sections of NF-
kB decoy ODN-treated rats were
stained by antibodies for IL-1 5. (A)
Negative control (n=2), (B) kidney
of UUO (n=12), (C) kidney of UUO
treated with scrambled NF-kB de-
coy ODN (n=8), (D) kidney of UUO
treated with NF-kB decoy ODN
(n=20). UUO: unilateral ureteral ob-
struction, IL: interleukin.
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Fig. 9. Ring-type NF-kappa B
(NF-kB) decoy oligodeoxynucleoti-
de (ODN) prevents the UUO-in-
duced expressions of NF-kB target
genes 7 days after a ureteral obs-
truction. The kidney sections of
NF-kB decoy ODN-treated rats
were stained by antibodies for fib-
(A) Negative control
(n=2), (B) kidney of UUO (n=12),
(C) kidney of UUO treated with sc-
rambled NF-kB decoy ODN (n=8),
(D) kidney of UUO treated with
NF-kB decoy ODN (n=20). UUO:
unilateral ureteral obstruction.

ronectin.

Fig. 10. Ring-type NF-kappa B
(NF-kB) decoy oligodeoxynucleo-
tide (ODN) prevents the UUO-in-
duced expressions of NF-kB target
genes 7 days after a ureteral obs-
truction. The kidney sections of
NF-kB decoy ODN-treated rats we-
re stained by antibodies for VCAM.
(A) Negative control (n=2), (B) kid-
ney of UUO (n=12), (C) kidney of
UUO treated with scrambled NF-
kB decoy ODN (n=8), (D) kidney
of UUO treated with NF-kB decoy
ODN (n=20). UUO: unilateral ure-
teral obstruction.
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