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The Effect of Ribbon-Type Antisense Oligodeoxynucleofides for
Transforming Growth Factor-531 in Unilateral Ureteral Obstruction

Sang Mi Han, Eun Joo Kim, Hyo Soon Jeoung, Byung Yuk Lee, Sang Sook Lee
Kwan Kyu Park and Hyun Chul Kim'

Departments of Pathology and *Kidney Institute, Keimyung University School of Medicine, Daegu,

In unilateral ureteral obstruction (UUO), the obstructed kidney is characterized
by interstitial fibrosis and an increase in transforming growth factor (TGF)- 51. Interstitial expres-
sion of TGF-£1 is important in tublointerstitial fibrosis. The objectives of this study is to make
new ribbon-type antisense oligodeoxynucleotides (ODN) for TGF- 41 which are resistant to
exonuclease and to examine the effects of TGF- 51 on reducing tubulointerstitial fibrosis of
the kidney. Methods : We introduced a new ribbon-type antisense ODN for TGF- 51 in rats
using the UUO model to block interstitial fibrosis by tail vein injection. A combination of one
antisense sequences for TGF- 51 was adopted to construct a large antisense molecule with
a loop and stem. Artificial viral envelope (AVE)-type hemagglutinating virus of Japan (HVJ)-
liposomes were used as a vector system for the delivery of antisense ODN. Resullts :
levels of TGF- 81 mRNA was decreased more in the cultured mesangial cells treated with
ribbon-type antisense ODN than in that of a linear-type antisense ODN for TGF- 51. TGF- 51
mRNA was increased markedly in the interstitium of untreated obstructed kidneys. Northern
analysis revealed that the levels of TGF- 51 mRNA were decreased in the obstructed kidneys
treated with antisense ODN. The fibrosis of the obstructed kidneys treated with ribbon-type
antisense ODN was dramatically less than that of the untreated group. Conclusions :
results demonstrate that the introduction of new ribbon-type antisense ODN for TGF- A1 may
be a potential therapeutic maneuver for preventing interstitial fibrosis.
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frate] ek DA WAL

2ol TGF-p10] o8 x4 % AXfM AfstE =
uel o] & Apgsle] AGsE W
Sl A7) o]FoR L k. E3] antisense oligodeoxynu-
cleotides (ODN)E Fosto 24 FH TGF-F19 TAL o
AEAY, decorin®|\} =84 chimeric TGF-51 849 72
o] TGF-p13 48 A Jde EZS Foshe 7HAQ 1
ol AlE ok’ ol WHE T AL FE FUS A
Sote] o] %2719 FHe| A & 2 A A3
913t antisense AA| AHgo]l &3t Qlgol JTHATM
Antisense ODN %ol TGF-51 mRNASH ZA3Hso 24
TGF-A1 @ A4S JAstY AE97|AY A2g IA st
= AL gmEi 2B = TGF-B19 )8 antisense ODN-&
ok §34 A 57F TGF-B1 mRNA9] H&& AA|gte] 4l
o] AfrstE AN AR Azgitt v As7HA AL
w0 & antisense ODN& 1 A37F AU gk A2 of
ReH, At Az BYX), ks ade] gk BbA,
AEW TS Aol ¢ H5old NEd digt €4 5 2 7}
A EARE kT kM o]y d BAHE Hge stem-loop
F%9] 2129 antisense ODNo] H By EQTh2P

2 AFdMe A Afste WAsE] flste] TGF-51
mRNA S U2 sfod I W oA 37t 9 I3 e
&l hal M AQl 213 antisense ODN2 A 2kak5]
o]ZA¢] 7]&¢] UAF antisense ODNO| W 3le] BL &FHA
JAAE go} K7 fJ3te] vl oFel A ZHEA 2] 95t
TGF-fA1 mRNAS Bd A &35 AWy, WA &

& A4 FE EdS AHddle] A9 AfEe fied F
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2|28 TGF-531 antisense ODN A2 I8 A F9| MEH

TGF-$1 antisense ODNeol| thgh A R MAL A
TGF-81 9714494 thal] DNAsis 213 (Hitach Software,
CA, USA)S AH-3819 Moon 573 -2 WHOZ 1719 &
A H$5 7Zh= antisense ODNS AT 1 G71MES
ke 2tk 5-TGTGTGTGATGTCTTTGGTTTTGTCAT
AGATTGCGTTGTTGCGGTC-3 (TGF-81 site: 755-800).
& ey 23 12 IS Y8 5 BEE s
BamHI #2]Z #7M)A 58 mer [5-(p)GATCACGTTGTG
TGTGATGTCTTTGGTTTTGTCATAGATTGCGTTGTT
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GCGGTCACGT-3]9] TGF-81 antisense ODN& H}o]9Y
AN Bionics, Seoul, Korea) ZHH ¢ A&tste] AME-sl4ith
58 mer?] TGF-41 antisense ODNE &E3tato] 95°C oA 3%
S B THeE § ALolA] AAS] AE]3 T4 DNA 484
£ A7kete] 16CollA 16A17F dESAIZ T dA 0 S5
15% denaturing polyacrylamice gelol|A H7]%9E3l] &£
antisense ODN¢] 99 &Rl & Ao AHE-3}3ich

MARRA| ZHEMI S| HiYF 2 TGF-81 antisense ODN &
MM EHZHA (transfection)

Sprague-Dawely ™M A]Z pentobarbital 50 mg/kg® P} A
T M5l A AR G5 AFS Aol A%
skt A3 295 AHste] Kreisberg 503 22 ¥
2 A ZHEAA2E 223, Happer 579 Wl o}
g} A Eo] YA & 05% FCS (fetal calf serum,
HyClone, Logan, US.A.)7} 37}E RPMI164081A](Life Tech-
nologies, MD, US.A.)¢ll 4817+ ¥ A7 5 Opti-MEM  Hj
Faloz 238 AHEATE 5X10° cells/mLe HMT FEE g
Z 3 6 well BjF &7)d] Z7] TGF-$1 antisense ODN&
Lipofectamine plus (Life Technologies, MD, US.A.) 9 &%
ato] ANHGHIANFATE SAITE Wi Fol 17% FBS (fetal
bovine serum, HyClone, Logan, US.A.)E ¥33t RPMI
16408 A 2 Wl 6417 Ml § AEE 533 RNAE
welslsieh 37°C 8 5% olatsteka w7l A wl Fatsl
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mRNA2| 22| L AMA|-Zata A HIS(Reverse tran-

scription-Polymerase chain reaction: RT-PCR)

NG AE 2AA A 2] HA RNAE RNAzolB
TEL-TEST, Friendwood, US.A)E AMS3le] F&3610 &
333 A (Beckman, Peapack, US.A.)Z RNAS =9 AA|
" %S 79k 228 RNAS F3O2 1st Strand cDNA
synthesis Kit (Boehringer Mannheim corp., IN, US.A)E
o]&&t] oligo dT primed 1st strand DNAE A& &
A= cDNAE F3O 2 MgChe %7} 15 mM, dNTP 05
mM, 25 U/uL9] Tag polymerase®] PCR &= z}t7] 25
pMe] TGF-j13} house keeping gene®l GAPDHE PCRWuH
£7](Perkin-Elmer Cetus, CT, U.S.A. oA Z=Z39t}
GAPDHY] primer= WA 9] fAA| A et} oH, 5-GTG
GACATTGTTGCCATCAACG-3, 5-GAGGGAGTTGTC
ATATTTCTCG-3 5 AR&ste] 351 bpe] AHE& AAL,
TGF-819] primere 5-CCTGCTGCTTTCTCCCTCAACC-
3, 5-CTGGCACTGCTTCCCGAATGTC-3 & AME-3k] 598
bpe] AHEE AUtk PCR Al B 25+ 94ColA 287 ¥
AAIZL T 94°C oA 30%, 60°C oA 18, 68°ColA 287+ vk

—



AFle 2702 253 Fasly, 68°CollA 787 wHAIAH
oA HojA ZE AEL 2% agarose geldl|A H7]19GE5}]
gl

o= My & Hl0|2{A(Hemagglutinating virus of
Japan: HVJ) 2|=z 047 antisense ODN | &t

Qi AYT 34 vholeize] Wkt eI 915 £4H A

H F9 FA g, polypeptono] 1:1,0000.% 3]4]
FAHelA A 01 mL& HES F 355CollA] 347 wjkat
9 wjoFE Hlo]|@ A 3000 rpmOE 1057 4CollA YA
¥ JEEE AEROE $A 15000 rpm
4027F 4°CollA s 3 NS AAT § bal-
anced salt solut: A71sle] 4C oA S WA g
H, el A = HRHAIAAM 3,000 rpm o= 1047F
A EE skt *é%‘% Fato] 540 nmell A FFEE $43
N\E}'.

HVJ 2]¥$%2 egg york phosphatidylcholine (ePC: Sigma
Chemical, MO, US.A.), dioleoly phosphatidylethanolamine
(DOPE: AvantiPolar Lipid, AL, US.A.), egg yolk sphin-
gomylin (eSph: Sigma), bovin brain phosphatidylserine
(bPS: Sigma) 9} Z¥|2HE(Sigma) S 16.7:16.7:16.7:10:50

o Mr & it =

o
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o HIEE 10 mgHAl EFate Ao 7kAE AP e 871
ol Yol ZRREFOE Ho|3, SN FLA F A

35t

Ado] E3H F2 &1 10 pgel 2#% TGF-$1 anti-
sense ODN2 #H7}aled 30%7F EE50] 4o] F31, 37°ClA 30
Z7 W gs 83 WHESISITE 1§ 045 pum EH ded &
BSSE 05 mL #7kste] thA] 02 ym ZHE Ak ZAH
Hlo]g 2E AME A 0198 JO AejMow BEAAZ L,
25000 A¥H $F @919 ESAsE vl AE Az
ODN &9t&o #H7ksted d5olA 1027 wA AT &
A4EE7] &719 30% AYE, Q3 ODN, Hpo|g|Ag
o] £AE Y& F 4T, 25000 rpmlE 2A17F 234 94
glote] P Ed S5 ZALHA XA ARSI

AR
=
al
T]Sj]-

by

el S=
200 g Wel9) §4) Sprague-Dawely MAME A3 tiidoz
gk B&A 23 H = pentobarbital 50 mg/kgS A+

I3 Oz BEF B o T*}O}Oﬂ uHA7) Y, NESl FHE
L3S AR F2 F 7heUE ey —I—r% R
AT RS offd 7‘%7‘] SFA] AU, LS 10 ug
3 TGF-$1 antisense ODNo| X3 500 ul. HVJ
EES HHE AUFAEY e

A
10, 15, 20, 25, 30, 40, 50940 AP vz 2+t 3ule,

TGF-31 mRNA Z840i| Ll Northem blot £4

-70Col HASGE 218 HAEN(4 M guanidin thio-
cyanate, 05% lauryl sarcosyl, 25 mM sodium citrate, 0.7%
B-mercaptoethanol) & 718 & 24 E47]|2 AEE 33
A712 FA3A AT AA RNAE Chomezynski 593 722
e s FEstaith

Northern blotS 9I3te] A2kH RNAE 20 ug sl 1%
agarose-formaldehyde gelo]lA A7|dE3 & Jd=2 =
(Hybond-N+: Amersham, Boston, US.A.) 22 Hdsl1 80
CTAAA 2417 WA &kich F33}(hybridization) o] A3k
TGF-519F GAPDH cDNA probet te3 72 primer®
PCR3}%1Z, probe labeling< nonradioactive labeling .=
random primer§g ©]&3} digoxigenin-high prime labeling
kit (Boehringer-Mannheim, Mannheim, Germany)Z AFH-3}
Atk AHE-EE primers: GAPDH: 5-GTGGACATTGTTG
CCATCAACG-3, 5-GAGGGAGTTGTCATATTTCTCG
-3, TGF-B1: 5-CCTGCTGCTTTCTCCCTCAACC-3, 5~
CTGGCACTGCTTCCCGAATGTC-3,

PrehybridizationS 50°C oA 1% BSA, 7% SDS ¥ 1 mM
EDTAE ¥§3} 05 M NaHPO: 9= (pH 7.0) S ©]&3to
2A17F Aldsl4 Y, F33tE digoxigenin-11-dUTPZE labelling
YA 50CollA R 52t skl Hybridiza-
tion & 50°ColA 05% BSA, 5% SDS ¥ 1 mM EDTAE
Z33 40 mM NaHPO: 98-S Al&ale] 1027k 23] AlE

H probeE

3191, 1% SDS 2 1 mM EDTAE 233 40 mM NaHPO:
Mo A 43] AH SIS AFE 2l Kodak XAR-5 25
% ay _'L vAS 241:}5} }\]7]. Eg‘ E}\] 6:]/\]-0].
&sisin|d HAL

A gzgols &3 & A% AAXRAS 10% =
A x2dEe) 745 AY 4FLE €5 & AT A
AX e Zulg AA%8 O 2 ym ¥EHES vHEo] HE
S A3
HA xA| 35 M

TGF-A19] W WAL dokns] sls) BHEEH AL A
Solel AR P Alslch sk 2ok 18
AZAL 2 ym FAZ A2 PHAZ ADE Sefolto] ¥
PEep B Al A48 3% skt
G A 3087 A5l hely sskakel tie v



2= Hfet FHA AR

o5 AL 001 M A EelA 1087 AlH A
TGF-419] t3 13} A9 TGF-A1 (DAKO, Carpinteria,
US.A)E 37°C oA 3087 BF-A)7]) 2, biotinylated anti-mouse
IgG (DAKO, Carpinteria, US.A.)E 23} A2 ARE-3}o] 37
CollA 1587 vRS-A) AT}, Streptoavidin peroxidase (DAKO,
Carpinteria, US.A.) & 37CdA] 1587 vkS-A]7]7 DAB (3,
3 -diaminobenzidine tetrahydrochloride) 2 23l th &jntE
AYo R gxgaet & Aetdn| o g A

£ 24
A By BEOAR EANAT AR 4 25 09 A

o]+ Duncan's multiple range testE ©]-£3}9o™, p ko]
0.05 vl uf EAstH o 7 folsitty Aetsich

M

f

TGF-31 mRNA0| CHSH 2|28
Mz}

TGF-41 antisense ODN2|

Exonuclease®] A4S ¥5}7] $3] 5U3 stem-loop T3
9] TGF-41 antisense ODNS BamHIC Z g3 & 44 7
A5 AHESle] ZlEyoR A3 th(Fig. 1). Exonucleased]

Fig. 1. Ribbon-type transforming growth factor (TGF)- 51 anti-
sense oligodeoxynucleotides (ODN). TGF- 51 molecules is phos-
phorylated at the 5 end and harbors complementary sequences
at both the 5 and 3 ends with single-stranded sequence of
GATC at the 5 extreme end. Ribbon-type antisense ODN con-
tains two loops with two antisense sequences and a stem region.
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et S BRlsh] flste Adsy] A9 UAE ODNF
223 TGF-81 antisense ODN< Z}7] exonuclease IIIZ 3]
23 T HE/FEEXE0TE FE39] 15% denaturing poly-

acrylamide gelolX 1814ty 2|23 TGF-A1 antisense
ODN< exonuclease o] <¢FA3l7] wj&o] IAE TGF-41
antisense ODNo]| H]&}e] 3] A7f=Ach ¥HH U218 ODN
£ 9H43] exonuclease 119l 2J3) 8) =)tk

MAFER| ZHRIMZ0IA TGF-31 mRNA &8 9N 51}

TGF-81 antisense ODNe©| ¢]3F TGF-51 mRNA¢9 @3
A 55 ERler] e, wE AAREA Rz &
3 TGF-41 antisense ODN (1 ug)3 AZ317] A 58 merd
Y718 TGF- A1 antisense ODN (1 pg)< Z}7] lipofectamin
plus®} E9t3te] SAPAEIASH & vl kM XA RNAE 8]
3l TGF- 1] th&t RT-PCRS A#alint 218238 TGF-41
antisense ODNO.Z g% vjM Eo A= TGF-A1 mRNA
o] Wo] A9 gIgitk %3 Y23 TGF-B1 antisense ODN
o7 A" A EANME TGF-81 mRNAQ oL ffZ3o
Hlste] @A) AaEgoY, BEES A wdAEed A9
dreorh o Wolth(Fig, 2). I8y lipofectamin plus §19]
TGF-$1 antisense ODNYHS: v OkAl| o] SAPAGT AN AS
74¢. TGF-B1 mRNAS] W& s 3 Ag2dA 2 &
o] glo] HE= UK Fig. 2).

TGF-31 mRNA & M =1t &2 2|8 Northem
blot 2A]

B4 2 BS AN WA

AAFEE fede v FY9Z A
223 TGF-B1 antisense
03

£ AREate] Al iR i
ODN«] BHE AT US4 282 AT WA R
8 TGF-f1 antisense ODN= 7 7@”—‘.‘01] FARE Ad it
o3 A T ofd HAE A @2 dxTE ¥ 78 A

TGF-51 —

GAPDH —

Fig. 2. Inhibition of transforming growth factor (TGF)- 51 mRNA
expression by antisense oligodeoxynucleotides (ODN). Mesan-
gial cells are serum-starved for 48 hr and subsequently exposed
to RPMI1640 containing 17% FBS. RNA is isolated from the cells
and subjected to RT-PCR. Lane 1, linear type TGF- 1 antisense
ODN plus lipofectamin plus; Lane 2, ribbon-type TGF- 51 antisense
ODN plus lipofectamin plus; Lane 3, linear type TGF- 51 anti-
sense ODN; Lane 4, ribbon-type TGF- 51 antisense ODN; Lane
5, control (without antisense ODN).
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& A WA F5 Ao EHE RNAE #2l8t] TGF-41
mRNAS] 2 kS Yol 7] 93] Northern blot 45 Al
3ttt

SPHEA7IE o83t MES k& AFslete], A Al
TGF-$1 mRNAQ| W oz WA & )27y iy
antisense ODN FoJ3£9] TGF-81 mRNA9 ¥ Axs &
A3tsitk(Fig. 3). &M A3 £ § 3%, 549, 74
oA 7z}, 4.2, 6929 4.3 9] LEete] 25 HYOoY, i
3 TGF-p1 antisense ODN T A= 157, 155 18|
08819 =715 Btk 283 TGF-$1 antisense ODN %
& )z Hake] TGF-81 mRNAS & Ao 9]
3 frejgh akelE Bl

AW AR A% @A A A9 27 oiE 49
* A9 72t vlwste] BEAE Tael FF

Control s
Antisense
8
Il control
[ Antisense

Expression of mRNA for TGF-betal
(relative of normal kidney)
o

1

Days after surgery

|

Fig. 3. Northern blot of transforming growth factor- 51 mRNA in
obstructed kidneys from rats treated with ribbon-type transform-
ing growth factor (TGF)- 41 antisense oligodeoxynucleotides or
untreated disease control rats. 1, Three days after ureteral obstruc-
tion; 2, Five days after ureteral obstruction; 3, Seven days after
ureteral obstruction.
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Hitisiglom FAR9 7L AeiA B7EA gkebA]7] Alketsl
(Fig. 4, 5). °]F A 7HZ9] ASHE A& tEA Al
=% 95 9 M) Afshrt #EENeH, 2569 o]F 4l%e]
st A=7t o Aokl tkFig. 6).

g8 TGF-B1 antisense ODNS T3l Ao =
270l A7 159A7EAE A719 X '/ zfolE Bolx|
ko™, 259 % 2u) ek HItisi A 2L FA 7} gkobA] 7] A
2514 tHFig. 4. 5). thZ7l Hls) )23 TGF- 51 antisense
ODN FojFoAs 259 o|F Afsht Al HEH A
(Fig. 6).

Relative size of kidney
w

1 5 10 15 25 30 40
Days after surgery

Fig. 4. The size variation of the kidenys after ureteral obstruction
treated with ribbon-type transforming growth factor- 31 antisense
oligodeoxynucleotides is reduced compared to the untreated dis-
ease control rats.

1
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®

Fig. 5. Photographs of the kidneys 5 days after ureteral obstruction
treated with ribbon-type transforming growth factor- 51 antisense
oligodeoxynucleotides (A) showed normal looking compared to
the untreated disease control rats (B) having thinning parenchyme
and hydronephrotic chanage.
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TGF-41 DIEIS Ooff| &N BEES U8 HAZAsEL
=0
(=]

TGF-g19] @ B e g zolA BF 4 & 545751 H
A AZoA oFslA Hkg-3le] 25
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AME BF e kst tHFig. 7). 18y 2¥3 TGF-
A1 antisense ODN Foi+ EFolA TGF-p19] wdo] 25Y
oldolE A LHHA WY, o] F Ay FLolA faA
HFHATH(Fig. 7).

Fig. 6. Photomicrographs of the kidneys 25 days after ureteral obstruction treated with ribbon-type transforming growth factor (TGF)- 51
antisense oligodeoxynucleotides (ODN) and untreated disease control rats. (A) Normal looking tubulointerstitium in rat with ribbon-type
TGF- 51 antisense ODN, but tubulointerstitial infiltration of inflammatory cells and fibrosis with tubular atrophy in rat with untreated disease

control (B).

Fig. 7. Immunohistochemical stain for transforming growth factor (TGF)- 51 protein shows negative reaction at 25 days after ureteral obstruc-
tion in rat with treated with ribbon-type TGF- 1 antisense oligodeoxynucleotides (A) but strong positive reaction in rat with untreated dis-
ease control (B).
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TGF- 8+ o|33& Ago] 93t 25 kDa9 o|gx] whd =R
A AREE FEske dEdY A|EFRICE dA 9lom,
A57] Jej2 FHlEo AE 2T Axe e AAEHA
7} wb:}ﬂu}“g TGF-8+ TGF-p81, B2, 83, 54,

ol o] T, o5 FAKE AESHY 28-S Zhenh?
1 FollA TGF-B1& &4 2AdAM d5 s 549 &
st diAA| oA RulEo] slo|HBYE Fepll, 29
2N 22 AR E 7|AT e A4S hoh ZZH okA|

o S TAAANA 7ARANE JATOEN AE - F
AE FEdll Afake fasiny’ wAe) TGF-818 Foidt
A A 2R AR T B dAg AhskE R
AZEeE AAlA axprr dAsH, Aek ofdd gl [l 239
AGeh BT B ARG e Edo A AHAbe] H)3)
o] TGF-A19] mRNAS} T do] wo] Frlslyl slo|HZ
dels) =2 0 Fe)ke] Aol Sk, 5 ol AlrAl
9] 7o} 7o) AFap) s AoR dEA okt
Al st Aol £ w8 B W3 o3
oet =AY sty B thE WA Ule] 3t AA]
AdeMel= gl AlAbrAle] FejshAel Hslhts Ak
THZA Y Afstet gAY A& 5o g B
ATNNE 2% H 5% T 3UARE Aud 718%7 9 g
A3 37 dAEEY AES AT F AdeH Y4 O%
Z7sle AgS Btk TGF-51 mRNA 23S 537 7H3

U o] Fishe ATe HioH, djudd glojxde
TE F SUATE o] e ElH, 7Y o) F Al
AzA A st TdEE A S AT Alkad
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Afsle] fFEelAel TGF-819 WS Ash] A% B2
A7t A 3 ek 53] TGF-B1 mRNA o3t antisense
ODN< o443t Ho] thE x| AMEHET S&4ogy &
g4 dt’ TGF-A19 thaled HVJ 2]E )7 antisense
ODN& AFEAINY i A3 FE] A%l FAYE o, TGF-
81 mRNA F57} antisense ODN-& T3l Aol A & %3]
el 93 Az P45 s o] Tk Antisense
ODNZ &&= 54 FHA9 4HAQA mRNAS Zg3He
E4] RNaseH®| 4% A8l guF H9A 9 AgFes
A A7E QA O] WY FoE A9 LEs Alsm,
St G AF o] vlaA §olste I FEAY Y
oM I &gol i Aol Y5HT Ak’ webA anti-
sense ODN Fol= Q@AW= o8] Z#E TGF-$1 mRNA
o] WS JAAZ RS Z Holth Antisense ODNO| Fol&
in vitro @ in vivo AYNA MeAHO R TGF-81 FAA 2
s g AAE oAty dEiA ok Iy anti-

sense ODN2| ZAz7} A
St EAIE 20 Qlth RS BA R
o tigk B4, Axd T
et g4 otk ol FAA
o A A}&-3 stem-loop 732 2]E& antisense ODN A| X
W =93 eHgAel glof wl$- 9423 Ao g AHA Uk’ g
E3 antisense ODNT loop T35 gASto 2 T3 E2}
|2 exonuclease IIIo] thal] wj-$- ot A oW, stem F+X=
ols)] gall o] ol wet d3 Sl exonucleasedl] tiaiA =
obg Aol mek 2|83 antisense ODN E&sl= £ 3
Aol sl ME o 7919 2 e A7IME S THE F L
o, o M 57 FHA ] 3t antisense ODNE 7H5-5}Th
T3k YA antisense ODNO| H]gte] Q20| H]50] 2] A
Aol et AL 2] Lo B F ZEE antisense ODN &
ZALgo2E g3 ot} &3 antisense ODN- phospho-
rothioate®} methylphosphonate® ¥ 30 24 RNaseHel| T
& & o Pl 28 34T 4 kP

B Ao % TGF-AB19] thek 2129 antisense ODNS A
21et7] A8l stem-loop TZRE AT F e GVINES
DNAsis Z2I#& AMg-ato] Zhol Algtaiaels Hrke &
2709 HIMEE ATk T e BF 914 stem-loop
T2E 7+ 288 TGF-41 antisense ODNF 4248 TGF-
B1 antisense ODNE Z}7] AAREA] 7HAA o kgt
A7l - TGF-81 mRNA 28 oA &3 9lo} 2£¥ TGF-
B1 antisense ODN7} A5 &FAo|0EFS It wgh
exonuclease 1o teix T U=}8 TGF-F1 antisense ODN
Bt} 21238 TGF-A1 antisense ODNo] - ¢t F oSS
selatsl

T A5 oA FHAE BAMER ksl WHS
o)-$- thekslu” tEAOE Wol AMEEE
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