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This study is to examine the relationship between
TGF-b1 expression and CTGF expression, and to evalu-
ate the effect of Sp1 blockade on the expression of TGF-
b1, CTGF and extracellular genes, clones of fibroblasts
stably transfected with Sp1 decoy ODN. R-Sp1 decoy
ODN was highly resistant to degradation by nucleases
or serum, compared to the linear or phosphorothioated-
Sp1 decoy ODN. Skin wounds were created on the back
of 36 anesthetized rats. They were divided into four
groups-the rats with normal skin, with wounded skin
without decoy, with wounded skin injected with R-Sp1
decoy, and with wounded skin injected with mismatched
R-Sp1 decoy, respectively. Skins were collected at 3rd,
5th, 7th, 14th day after wounding. Celiular RNA was ex-
tracted by RT-PCR analysis. TGF-f1 and CTGF were
deeply related with skin fibrosis during scar formation and
it appeared that TGF-p1 may cause the induction of
CTGF expression. R-Sp1 decoy ODN inhibited TGF-p1
and CTGF expression both in cultured fibroblasts and in
the skin of rats. These results indicate that targeting Sp1
with R-type decoy efficiently blocks extracellular matrix
gene expression, and suggest an important new thera-
peutic approach to control the scarring in normal wound
healing and fibrotic disorders.
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(ODN), Transforming growth factor(TGF)-31, Connective tissue
growth factor(CTGF)

711 (cytokine) 2]
Al transforming growth factor-f1(TGF-f1) Z connective
tissue growth factor(CTGF) 5-9] §&3} 4% fH o B3k
g A77t AP= T ok 01—5 Ao 3d 24 9
A58 Bl e A o B3 AFE HEFHA
AT N2 e A8 WP ANT £ A Ao AT
EE A2 o|F AolEAUEY DNA B8 23 B
¢

ol
)

= ZARIA}(transcription factor)_,] 23S =3 A3 o
A ATE AZHT Qv = FH1RY HEI) AlFEe A%
2 AW fAAM 2o 7HoF olsFa, wE HHA
2% 7149 22 <3 DNA Qo)A AARIAZES
TE AAA 2R 2H-o] v g Tk WY dE {4

Az FEog osfHi 917] wEelth

TGR1L X9 43, £3 % AZo7d ¥4 5o
#Hosa Qe AEAIeR A9 Yo T2 9
&g o’ w3 whE, Ao, IR AsE o WA
glo A dAATY HFEA L o|Fo} SRS =4s}
of PEES doru AF HHste xgdch TGE-p1
ol A%atE zYste VWS BuEase LHg o

ASAY, Gl EH L AAAE YRTOZN A F 7
4¢] B3 A5t Aoz Higo] gk’ CTGFE=
Z TCFp13 #AFHE AlolEFIeZ APHA3
£ At AEride &
d51, fR17338% SolA CTGF mRNAY g
HAdn Rugm ok
Decoy oligodeoxynucleotides(ODN)= AA}1219] DNA
A% 71 decoyoll of3l] AFE o =N AARIAZL o4
frAzte] Z2RH 28 5 gl=E 3t} Bielinska 5
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< 71 HA AE G B9 22F decoyE AHEFO
24 AARIAY] 9EE F2ARBIE ETE AMSHAT 1
& NF-kB, Ap-1, E2F, cAMP-response element 5|4 &
Abe decoyEo] A4 FEE AA A T 7]
= fARNEAZ AEHT ot

Spl AARIAZ 2H3he A EFRIEC] FAIAE oFF
4 dHA QA AT 2 23 HRE 2Ygske ANE
7oz 27 TGF-p1 Edel Bddhe Bavt A’

uat B Ao BAHL oo} B AAg uHiEgoR
AR, BE A4 9 1 9] He Axerdy Az
DA3 #yo] = TGE-p1 2 CTGF a7t L& o
8 AmB, £7, o] & TGF-p1 ¥ CTGF] Fd e HAR]
2191 Splo] ojg A AHga=XE sk, AR, o] Spl A
ARIZLY] ZHg-g JAE7] HEte] A EE FEQ ring
(R)-types] decoyE A|ZsjA A ¥ L AAE AHE
= Aolth. o]H3 A7e 27 dfg 2 vEFA WA

2 99 A2e A7 P ANT Aoz AzdT

0 =z % wy

7}. Sp1 Decoy ODNQ| Rzt

R-Spl#} mismatched-Sp1(M-Spl) decoy A|&-& 93t 4
71MQe RSpl decoy: 5-GGGGCGAGCTTTTGCTCGCC
CCGCCCCGATCTTTTGATCGGGGC-3'M-Spldecoy:
5-GGtaCGAGCTTTTGCTCGTACCGTACCGATCTTTTGA
TCGGtaC-3 o7]A Spl HAIA7} Eolzo g A=
7G-S LE 2 FEo|H, Spl 2 FHE oA

2 QNG 24T e $Eolth ODNE 95T
A 3% 59 22 713 F, 80TA 25T 3417 Bt A

A3] 2lgony T4 DNA dZ28 2 (TaKaRa, CA, USA)E
Arhalo] 16TIA 1647 52t w414 Asisick
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kol uwjokdld o Dulbecco’s modified essential
medium (DMEM; Gibco BRL, N.Y, US.A) #jA <l 10%
$-e 218 A (fetal bovine serum, FBS; JRH, KS, US.A)&
€W 100 units/ mL¢] enicillin(Gibo BRL, N.Y, US.A)3}
100 mg/ mL&] Streptomycin(Gibco BRL, N.Y, US.A)&
Yo % 37T, 5% COelA v dstant

Ch. MZ LH2 Sp1 decoyl| s{AHEENRAN
(transfection)

A5 EMEE Lipofectamine Plus Reagent(Invitrogen,
CA, USA)Y 3%E7} DNA : AAS 1:308 AHE-3ld
i Ag ZEA AT AXE 37T, 5% COx0lA 347t
o Wikt T Al B2 s AP AT

2. Luciferase &4

TGF-p1 T2 2E el ojnd | T2 e WEe 7
ZE Table 13 Zo} d2A=g79 A7l & 10 ng/mLo]
97 TGF-B1(Sigma, St. Louis, USA)S #elatgt).
CTGFE pCMV #Eo] (DNAZ Z2Yste] sarngz
QAA AFEEIE T 24A)17F B9 vloFS & 1 X Reporter
lysis buffer(Promega, Madison, W1, US.A)Z HNEZE &
A7l & luciferase AL FA}SIATH

Ot. Reverse Transcription-Polymerase Chain
Reaction(RT-PCR)

RNA-Bee(TEL-TEST, TX, US.A)E AME-3}4 total RNA
Z FZ3% ¥ RNA 05 g% 1 mM dNTP, 10 ng/uL oligo
(dT)15 (Promega, Madison, WI, US.A.), 20 units RNasin
(Promega, Madison, WI, US.A)), 1)1 50 units M-MLV
reverse transcriptase(Promega, Madison, W1, USA)E ¥
&35} RT bufferoj A cDNA 4& 37CoA 1A)7F H¢t
3 Hct 1uLe] (DNAE F3o 2 025mM dNIP, 5
pM primer set, 1.25 units Taq DNA polymerase (TaKaRa,
CA, US.A)S %38l Taq polymerase buffero A 52

Table 1. Sequence of Primers for Human TGF-$1, CTGF, and GAPDH

Target Sequence Size (bp)
Sense 5-GCCCTGGACACCAACTATTGC-3

TGF-$1 335
Antisense 5-GCTGCACTTGCAGGAGCGCAC-3
Sense 5-TTCCAGAGCAGCTGCAAGTACCA-¥

CTGF 329
Antisense 5 -TTGTCATTGGTAACCCGGGTGGA-3'
Sense 5-CGTCTTCACCACCATGGAGA-3'

GAPDH 300
Antisense 5-CGGCCATCACGCCACAGTTT-3'
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Table Il. Sequence of Primers for Rat TGF-p1, CTGF, and GAPDH

Target Sequence size (bp)

Sense 5-CCTGCTGCTTTCTCCCTCAACC-3
TGF-p1 598

Antisense 5-CTGGCACTGCTTCCCGAATGTC-3
Sense 5-AGAACTGTGCACGGAGCGTG-3

CTGF 540
Antisense 5-CTGACCATTCAGAGACGAC-%
Sense 5-GTGGACATTGTTGCCATCAAGG-¥

GAPDH 351
Antisense 5-GAGGGAGTTGTCATATTTCTCG-3

WH3-& 25 cycle FHEATE o]k Fo] FEH (DNAE
1% agarose gelolA] Z7]% &3] LAS-3000 image an-
alyzer(Fujifilm, Tokyo, Japan)Z we] Bl7]E& =743}
GAPDHY| w9} 8712 BAslo] A &algirt. PCR §H]
Ab&3 Z47+9] primers Table 1o 7143 vhe} zcoh
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3} M-Spl decoyE A3 &, 2181 A 472 95
& AAFL R-Spl decoyE AT Fog LFo] AYs}
Atk Spl decoye] A& 10 ug2] decoyE lipofectamin
(Invitrogen, CA, US.A)E A&l A B9)d| Ijs) 3+
Atstith AFEEL 3,5 7, 149 Ao 2 3 vl & =4
stel WpzAe ARG

Al ZEE0|Y 2E

3 22L& 4% paraformaldehyde® 143} 3 AG
degz @43 F gy JF9) seld Tejage A
AA 4 me] BHERE o] FEgHEN Ao AAIATH

OF. HAXE|SISIN M

et I @ ARZAS 4 FAHAZ AepA g
B3 A1 F ey FHFFE AHEAA A Az
o|F 95CZE vlg] Hl¥Y2 Dako Epitope Retrieval Solu-
tion(0.01 mol/L citrate buffer, pH 6.0)0] 408 7} w84
2 F Aol 208 2 FLAZAT. 3% FsEd §Aof
2087t A& 8kaL 0.01 M PBSol| A} 108 71 42319tk TGF-
B1(Cell sciences, MA, US.A)3 CTGF(Abcam, MA,
US.A)el thgh 12t FAE 242t 37Tl A 3083F ¥H-8-A17]
1L, biotinylated anti-mouse IgG(LSAB kit, DAKO, U.S.A)
2 37TCAA 1587 ¥H&-A] A th. Streptoavidin peroxidase

(LSAB kit, DAKO, USA)2 37°Co] A 1587t ¥H-g-A17] 1,
DAB(3,3'-diaminobenzidine tetrahydrochloride) 2 &4 5}
o, Mayer's hematoxylin® 2 thzg4-& 3 3 3F8t¢n|
o B3

7} BHEl MRTMENHM TGF-B12F CTGF &S 2
W gFE AFEA R T3 TGEple] w57} S718
£ tiz7¥ vusted CTGFY mRNA %] F7ste
2 Q18U THFig 1). 181 TGE-1e) FT7} 2713
£ TGF-B19] mRNA 4% F7lsle AL 918tk
| A7E AAGA A § ¥ o #21317] 3 TGF-p1
Z2RH HEE A3t luciferase 48 #3314 h
TGF-pl& A2stae o A7 242802 TGFH19] A
A7V F7bshe A ER18HMTHFg. 2). 9714 CTGFe
TGE-p19] &&e] & dFES F2 Gk 2437 A

2
-
A
2
T

o]

x| TGE-B1& CTGF] ®8-& £7}A7) A% CTGFE TGF-
pro & FF= FA v AL YT F Ak

L}, TGF-B1, otZ |9 &siofl CHE Sp1 Decoy?| =3

AE oA decoyd] MHAES s A HFY
decoyR o} FH I A A = PSSpl decoyR T} R-
Spl decoys} S1 &4H2-3) & 4 (nuclease), exonuclease 111,
Abe 84 9 FBSHA A o HYsthe RAg ER1sA T
(data not shown). 83 ¢lo] BHE = TGF-H1, A
& Fx® TGF-p1, 28)3 TGFB1d] o8] A7t 22
TGF-p19] @& ztzto] i8] Spl decoy7} o1€ 7 A7}
A ZAFSATHFig 34). HAL AL 2he o
Spl decoyE A#3Hd 1/2 A =& TGEP19] dq o] ZA
3 S AT 13 A o8 fF=d TGEp1

19 Bd Felle TS 4 ST A flo] FEH=
otud I, @3 o =4 otwd 1, 2g) 1 TGE-p19




42

o8] Fx8 ofwd 19 W&ol Spl decoy?} EH7} U=
A zAbsF3ichHFig. 3B). B4 glo] e A o8 f=
g olmA Io] W& Spl decoyel <JsjA <zt 7434

TGF-p1 (ng/ml)
5

10 20

TGF-p1 >
CTGF
GAPDH

200
160
120
80
40

Fold increase

200
160
120
80
40

Fold increase

TGF-$1 (ng/ml)

Fig. 1. Both TGF-f1 and CTGF mRNA are increased after
treatment of TGF-B1 protein. (Above) mRNA expression of
TGF-p1 and CTGEF. (Center) Signal intensity of TGF-f1 was
quantified by densitometric analysis. (Below) Signal intensity
of CTGF was quantified by densitometric analysis. The values
were presented as mean = SEM of triplicate experiments.
Statistical significance was determined as *p<0.01 compared
to Serum, p<0.05 compared to Serum. Abbreviations: C,
control; S, Serum; 5, TGF-p1 5ng/ml; 10, TGF-p1 10 ng/ml;
and 20, TGF-f1 20 ng/ml.
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Oo]:

2t D50|M TGFB12t CTGFQ walof| thst Sp1
Decoy?l &t

FEAEL Y3 Spl decoy’t FHRE HLHIEA

SR g
FITCE AM&-3te] #133{ch FICTS] o] thf-8 9 A
FoA Eld ZAoE Hol FH o AE Y2 IAHg
dol & ¥ A FUstTHFig 4). AR FFAM
TGE-p13} CTGFe] &l Spl decoys] E#E ZAMIA
t}. A 13 (control)d} ¥ F-S w] A 25t (wound)3} A 3
F(wound + mSpl)e| A= TGE-p19] w8 ke Z7}alg
1 Al 47t (wound +Spl)dlM e 3Y7 584 mRNAS

}.,

By go] Hadte AL EleArk(Fig 5A). CIGF &
H A A 27 A SUHHE S EH 29 Spl decoy
& %28k 397 54U A mRNASY] & o] HAidte
A& FRlstArHFig. 5B). WAz FgAS T
TGF$1 2 CTGF @3 doXr & &ze] #EHS
ThFig. 6A, B). Spl decoyd] &3}i= 5A7IA T A=
Aoz BT 1 o]F o= Spl decoy EH7}F Q=
Ao g Ko} Spl decoyZ} 7} A oA 3@ Aoz

AzHa.

200
E3
150 |
é 100 |
50 |
)
control  TGF-BL  pCMV pCMV-
CTGF

Fig. 2. TGF-1 upregulates TGF-1 mRNA expression, but not
CTGF expression in luciferase assay. Statistical significance was
determined as *p<0.01 compared to TGF-f1.

13

a3

NOSEHITY  Noscrum-mSpl  ND serm 51 intreated  TGF-iS1 TGF-GE +mSpl TOF-81+501

Fig. 3. TGF-f1 and Collagen gene ex-
pression in luciferase assay after treat-
ment of Sp1 decoy ODN. (Above) TGF-p1
gene expression in luciferase assay after
treatment of Spl decoy ODN. (Below)
CTGF gene expression in luciferase assay

No e Serutn SienméemSpl Serm-+Sp1

3
3
.
a
2
1
o

Noserun  No senum+m5pl  No serunsSol unreated TEF-83 TAF-(§1+m5a] T6F-R1+5p1

after treatment of Spl decoy ODN. The
values were presented as mean + SEM of
triplicate  experiments.  Abbreviations:
mSpl, Mismateched Spl-Decoy; Spl,
Ring Sp1-Decoy; RLA, Relative luciferase
activity.

Ao serum Serum Sermemspl Srum SRl
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Fig. 4. FITC-labeled Spl decoy ODN was transfected to
the skin of rat. Cells were transfected with FITC-labeled
Spl ODN combined with Lifofect AMINE Plus and then ex-
amined by fluorescence microscopy(x 200).
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Fig. 5. The expression of TGF-f1 and CTGF mRNA in the skin of rats. (Left) mRNA expression of TGF-p1. (Right) mRNA expression
of CTGF. Signal intensity of CTGF was quantified by densitometric analysis. The values were presented as mean = SEM of triplicate
experiments. Statistical significance was determined as *p <0.01 compared to wound.

Fig. 6. Immunohistochemical stain for TGF-31, CTGF
after 3 days of injury (X 200). (Above, left) Immunohisto-
chemical stain for Control. (Above, right) Immunohisto-
chemical stain for TGF-p1 after R-Spl decoy injection.
(Below, left) Immunohistochemical stain for Control.
(Below, right) Immunohistochemical stain for CTGF after
R-Spl decoy injection.
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gt ol AEFIES 42 AAE ob &3] ¥HA
A gt} B AFe|AE 58] TGF-pla} CTGF zhe o
RarEoAe] 45 #d4 2 Spl MRIANZES 5
FE BAE AT olH @ A8 AdWshe 2L ol
E 4Ezre] 2d 24 9 98 S #F 57} lolof
Toteg Afste 24 F2 HEIY HAE AT AR
£ ABA AEe] 7 F 7] HEolith

Arpdare] 28
&A7171 A A

decoy®] AHE-& e WA é‘f&—é— 1741 ‘OW N E2&
NBETEA 7FeAS B3 gty AE Morishita 5
LAY AEHd E4E LT F AARIA E2Fel o
3 A% F9E 7tAE ODNE F3l). vl S E2FY 6
o} (isoform)-2 A EAZNM ] qeo] HE T E FL=E

G AT AEF7) AFAAY ol 54 Al E2F
o] Fol& DNA 434 AZEEE T3 tsd 734
AN 2" 0|22 2 Morishita 5-& E2F

o 548 decoyE FIFO TR &AL @A HE
Zad g ERHHYE PAI oq7]d Boshe KA
o 2dg dAstdn”

B AT E Sple AL g 1o o] Spl AAR
Ae oy FHnd 2L AYE 2498 Faho AR
AZto A AEY7)-A 2H&

g
A2 S 5 dfeAy e

4 ‘i‘—i?éig %‘Zﬂo}tﬁ °l& %de}ﬁl thek 23
DNA AHAl B39 74§ F3 zdddy
Spl HAkQlAte] x the A& TGF-p1e &
o2 #Ho] Ho YA REUe Aot F TCGF-p19
AAL A =g Z2REY GOt R - Splol
Agstoz N /\]z}ﬂc}‘_ AL gugith. TGE-ple Al ¥
217173%‘*3011 FdsE AR a2 okud, 4/Ha%a
Y % FESAY, IF AETg7d ddEsE
T AY, £ PAR 22 Al 294713
‘&‘ﬂi%l?: sasqAAe] THE FTNFLEN A X
7149 AL S/ mekA dRske adg TGH-
1o} Zgol Splo] #HE 4 Slue AL 4A 52 5

B QTN HEZY BAE A3k AAMIAR SplE

ZaA77] Y93kl decoy WHE Al
&34 © olf7t Ak %, Spl A ¥ = TGFpist 1

FE&A ] ZaREd EAFT webA Spl decoy ODN
o] 918 Spl AAPEslE TGE-p1e] &S Asty, 212

Jds) HRPE 2d974 9 Aoz Ao ok

st g e)aetsx] Vol 33, No. 1, 2006

Sple A5-A4 HHAXY 24 B Frshe FEo] e
202 FZErh o] #HAd oA Ap-1& TFF NF-kB,
E2F 59 o2 HAtzd dE Az Ray, %
o]59 & HudT Fo] BLY Aow YAt
AT TGE-BLo o8 A7Hr=® TGF-ple] wd
Spl decoyES Agstrict 1 BE ¢Fo] Wi} jle
o2 RHo} Sple] ohd T thE FAXRIAZL BEHE A
2 353 & 5 ok

2 oAz AARIAEA &F decoyd] /WL A o]
o A848 ol AE Wl A F3E F sle RS
WA 317] 943 2] Fee] decoy ODNE| 7fo] A=H|
I Qltk ol A% o AARIAEEZE NF-KB super-
family, Ap-1, E3F, cAMP-response element, Spl 5-©] A|
=93 Joen, 1 F FRHOE AFAE PStypeo]
durAl Ao s A FFsivkn RuHn ok’
e B AFdMe B o A stE decoyE TSI
95t AP o)y} PS-typeo] obd R-typed] decoyE 7H'E
9k 9urd o2 decoy ODNol| thah gHgA& AR
shakel os Poht BagA kn Aol st
AZ3 B AFE 53 RSpl decoy ODNE exonu-
clease®} FBSol thall A PS-Spl decoyell HI3] HA ohg A
o] & AeZ YEgT

2 A7 A#4E goke] BE yrEy gl TGF-
p1& CTGFe) 2dE Fstdth =8 TGF-p1 % CTGF
55 AARIAR Splo] 98l 1 wde] 2AHYow, R-
type?] decoy Fofol ¢Js] Sple} 2-Eo] AAHIUG &
AFol A AME-E R-typed] decoyw 7]Eo] Hig ThE
F39 decoyRth A <HHGo] e Aol AU
wre}A] Splofl thet R-type decoyd] #-&3 37 = H&
HAARIAER Y 45 BAV FEEtE FF 24 A+
3 2 BE 4 AAE A% AZE A5 e AT
T g Aeg AAen

A #

o 2 rlo FPI

V.3 B

HFEHA Ao HEerde Faw) P Aol
' Aoz 43R TGFp1 2 CIGF 437re] wdo| of
37 Ag3he=r] golrauzl o, ofF TGF-p1 ¥
CTGF9| w&ef HARIARI Splo] oA AFsh=AE B
1 Sple] AEAAE H5te] AEA AAE R-type decoy
o] 295 AHBYTH
AHEAE AFl A TGE-p1& CTGFS] Hd-& S7HA
Hom, W2 CIGFE TGF-p19] 3o o
Ah:} a8l Sple TGF-pl ¥ CTGF9 @& =439y
th E A7 A AHEE Rtyped] decoys 7|89 Bu H
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E §39 decoyRt} #4 FAo] Ae Ae] &<l

o1, R-type Spl decoyw TGF-f1 ¥ CIGFe] &g

A& 4k wekA R-type Spl decoys Al E 272

A HAE Y8 £ NEETFI E A0 AAsH &

Spl ¥ t& #AARIAEHY 45 #AY} oS e

W 23 Afs 2 9E 34 HAE A NEE A8
o o

AN & YL Ao AZu,

ok ot mlo A0
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