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Tz 9 2y
1. HIMXIE MX 22 & i

Wistar BA A AAA g AXE b Zo] ¥
7 elFEtA®?150-200 gram®) Wistar WA 9
AZE HE F A9EE REsdn, A9Es 24
A% b 180, 150, 75 uym A7) 3 E2& A
(Sigma, MO, USA)& o]&3td 2AAE £t
At AAFEAE Type IV collagenase (Sigma,
MO, USA)ZE A3 g, AEE 10% FBS, 100
mg/dL glucose, 5 g/mL bovine insulin ¥ 100 U/
mL penicillin, 100 pg/mL streptomycing /3t
DMEM (GibcoBRL, MD, USA)el| uj%ate] w4l=]

desmin 2@ vimentin®l %A, cytokeratino] S44<
immunocytochemistry 2 18Rk £ AP &
4-59 Al widg AEE AFESATL

2. TGF- 812 antisense RNA C|X|2l

Anisense RNA A4S Z231= E39] DNA se-
quenceE ¢ WFgow = 3'-5'0F promoter?)
cloning¥t .24 o]Fo]At.  HA
¢cDNAY £ A open reading frameo] FQE A
& ofu}, 5 untranslated region &2 start codon
£ antisense®] X§A)7|E Aol EHE Fole I
o)t} 3 antisense RNAZF RNA processing,
£3) splicingS A3l &FE A7) 93, exon
intron®] AZAY sequence, T2 exon HHo ZHI
intron sequence® ¥ FAF)E= o] Ui’ B A

o A= 5 untranslated region® start codon, cod-

downstreamell

ing sequence YHE LI E antisensed: TIAS
-39 (Fig. 1), B4 4323 cDNAE template®
PCR& 3] A¥" DNA HHE ¥s4vh Anti-

sense?] forward primerell:¥ Kpnl, reverse primer
o= Xbal restriction sequence® 2} primer 5’ end
o B&Asla, start codong FAleRZ  -16200A4
+1689] 330 bp sequence® PCRZ %3k & 77
gdEgog E#3t9tt (Table 1). Sense fragment?]
forward primerd]= Xbal, reverse primeroll:= Kpnl
restriction sequenceZ Z} primer 5’ endel F&s}
o e BHo R DNAE AU (Table 1).

3. Recombinant Adenoviral vector A&t

CMV promoterg 7z pShuttle vector (Clon-
tech, CA, USA) multicloning site?] Xbal-Kpnl %
AE Fed F oA ES antisense®t sense
fragment® cloning 3ttt (Fig. 2). o|2A 3} )|
23+ pShuttle-sense®t pShuttle-antisense® PI-
Scel?} I-Ceul AFEAZ  double digestiond}
antisense?} sense fragment® 717 AL A1, 9]
& pAdeno-X vector (Clontech, CA, USA)S %
23l restriction sitel cloning3dl® pAd-CMV-
TGFsense ¥ pAd-CMV-TGFASE wE99 (Fig.
2). pAdeno-Xi= replication®]l Z§ E714F El
geneo] AAE Algle|nz EldiA MAHE EAE
T3 & 4 9= AY, & adenovirus 5 trans-
formed HEK 293 32 A XM T replication & 4
glth webr] e @A R pAd-CMV-TGFsense &
< pAd-CMV-TGFAS%E Lipofectamine 2000 (Invi-
trogen, CA, USA)& ©°]&3}e] HEK 293 *|Z°]
transfection A171 & AEZE 7-104 wiF3Ach 80~
90% AxZe| ME7} virusol infection=| A& =, AX
£ 15 mL tubeell Fo} U4 EE stz PBS ¥
< §F dE-dlEs AAEL 33 whEsto MEE &34
A rAdTGFA1S £& rAdTGF B 1AS virusg ##
sttt ol&@A d2 virusE vhA] HEK 293 Al
transfection AlA %& FE3HUY 4-53) SHF &

Table 1. Primers Used for Cloning Antisense and Sense TGF- 8 Fragments

Primers

Sequences

Location (Genbank)

TGF- 8 antisense

TGF- 8 sense

F 5 -CGGGGTACCCCGCCTGCTGCTTTCTCCCTCAA-3’
R 5'-TGCTCTAGAGCATTTGGACAGGATCTGGCCAC-3’
F 5'-TGCTCTAGAGCACCTGCTGCTTTCTCCCTCAA-3’
R 5-CGGGGTACCCCGTTTGGACAGGATCTGGCCAC-3

251-210
561-580 (NM_021578)
251-270
561-580 (NM_021578)

Underlined : attached restriction sequences, F: forward, R reverse
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=

accgcctcee

61 ccccagectg
121 ctccctegga
181 agagcgctca
241 caccgcgact
301 ttecttggga
361 cctttgeceg
421 ctcggggcetg
481 cgggaggcca
541 gaagcgcatce
601 gagccagggg
661 cacccgcgac
721 ctacgccaaa
781 aaccaaagac
841 agtgccagaa
901 tgtggagcaa
961 taaccggctg
1021 tgtccggcag
1081 ctcttgtgac
1141 tcgaggtgac
1201 ccccctggaa
1261 ctactgctte
1321 gaaggacctg
1381 ggggccctge
1441 caaccaacac
1501 actgcccate
1561 cgtgcgctec

gcaaagactt
cttcttgagt
cctgectggea
tctcecgatttt
cctgectgett
gaccccacce
gggttegege
cggctgectge
gccgcegggac
gaagccatcc
gaggtaccgce
cgggtggcag
gaagtcaccc
atcacacaca
ccececattge
cacgtagaac
ctgaccccca
tggctgaacc
agcaaagata
ctgggcacca
agggctcaac
agctccacag
ggttggaagt
ccctacattt
aacccgggtg
gtctactacg
tgcaagtgca

caccccaaag
cceecgeate
atagcttcct
tatcccggtg
teteectecaa
caccccacaa
tctecgaagt
cgettetget
tctccaccetg
gtggccagat
cgggcccgcet
gcgagagegce
gcgtgctaat
gtatatatat
tgtccegtge
tctaccagaa
ctgatacgcc
aaggagacgg
atgtactcca
tccatgacat
acctgcacag
agaagaactg
ggatccacga
ggagcctgga
cttcecgeatc
tgggtcgcaa
gctga

ctggggcgca
ccaggaccct
atttaagaac
gcatactgag
cctcaaatta
gccctgcagyg
tecgtgggge
cccactececeg
caagaccatc
cctgtccaaa
gcecgaggceyg
tgacccggag
ggtggaccge
gttcttcaat
agagctgecgce
atatagcaac
tgagtggctyg
aatacagggc
cgtggaaatc
gaaccgaccc
ctccaggcac
ctgtgtacgg
gcccaagggce
cacacagtac
accgtgctgce
gcccaaggtg

ccccttgeac
ctetectetyg
accccacttt
acactctggt
ttcaggacta
ggcggggect
gecgectceec
tggcttetag
gacatggagc
ctaaggctcg
gtgctcgett
ccecgagcccg
aacaacgcaa
acgtcagaca
ctgcagagat
aattcctggce
tcttttgacg
tttcgettca
aatgggatca
ttcectgetcc
cggagagccc
cagctgtaca
taccatgcca
agcaaggtcc
gtgccgcagg
gagcagttgt

gccaccctec
ggaggccgat
tgggtcccag
gtcagagcgt
tcacctacct
ccgecateccca
ccatgcegce
tgctgacgece
tggtgaaacyg
ccagtcccce
tgtacaacag
aggcggacta
tctatgacaa
ttcgggaage
tcaagtcaac
gttaccttgg
tcactggagt
gtgctcactg
gtcccaaacg
tcatggccac
tggataccaa
ttgactttag
acttctgtct
ttgcccteta
ctttggagcc
ccaacatgat

Fig. 1. Sequence of rat TGF- 81 gene (Genbank Accession no. NM_021578).
Bold type : cloned sequence (251-580). Underlined : start codon.

a) pShuttle
1-Ceul Xbal Kpni Pl-Scel
| | . |
L ’ PCMV IE MCS BGH polyA T J
b) pAdeno-X
I=Ceul PI-Scel
I |
L ITR r Ad5 genome AE1 E3 , ITR ’
¢) pAd-CMV-TGFAS
1-Ceul Xbal Kpnl PI-Scel
| | | |
l PCMV IE TGF-a antisense l T BGH polyA J

[

Ad5 genome AE1 E3

]

Fig. 2. Construction of recombinant adenoviral vector. PCMV IE: cytomegalovirus immediate early
promoter, MCS : multicloning site, BGH polyA : bovine growth hormone polyadenylation sig-
nal, ITR @ inverted terminal repeats, Ad5: adenovirus typeb, AEl E3:deleted E1 and E3

region.

virus& Adeno-X virus purification kit (Clontech,
CA, USA)E olg3slo HAS 2 NMWL50,000 Cen-
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Virus titer (pfu/mL)&= &3} 3+o] Plaque assay &
ste] AAREAT:6 well plated] HEK293 A 3E= 70
9% confluence AER WFF F A%How 34 %
virus particle il 05% agarose/DMEMelA] 14
o] Aw weksld virus plaqueE (Fig. 3) & +
= ¢ o] plague 4 plaque forming unit (pfu/
mL)& Askeach

4. Multipicity of Infection (MOI) &Y &#

12 well plates] #4] ©v]2b2]& HMEE plating 3t
i, ey rAdlacZE  multiplicity of infection
(MOI, pfu/cell) 1, 5, 10, 25, 50, 100, 2009] o=
transduction &tk 4817+ § 2 -galactosidase Al
A2 o] MOIOl & lacZ genee| L& A%
g7k, 104 5 MOIelA] thi-itel Ao
transduction®] Yolvps, EF HE viabilityel = %
go] gl 7HE Hgd A#E 29t (Fig. 4). Nah-
man NS Sof eapul Q1zh vl MFEeA =
B -galactosidase activity7b MOI 1004 100%¢°1
w23 transduction 797HA A% Frhdcha &
t}. A -galactosidase 94 thd o] Fch:
Chamber slide® %2 12 well platedl] wl4=§ Al
2 w9 3 rAdlacZE infectionA] 751 48A17F F-
AEE PBSE 33 AAHE g 2% paraformalde-
hyde/0.2% glutaraldehyde/100 mM pH 7.3 PB5=
155 %ot nAAATE 1 mg/mL X-gal, 3 mM fer-
ricyanide, 1.3 mM MgCls, 100 mM pH7.3 PBS 4
Ro] X-gal (5-bromo-4-chloro-3-indoyl-D galac-
toside, Roche, IN, USA) &do= 37°Cell A 2413k

tu R

Fig. 3. A plague formed by adenovirus vectors.

A4 ohg AvjAon PEsA
5. HAXIZ MZE Y &F

6 well plated] #2218 AEE 10% FBS, 100
mg/dL glucose, 100 U/mL penicillin, 100 ug/ml
streptomycing  #% DMEM (GibcoBRL, MD,
USA)Sl A 100% confluent & wi7b=] wlFabich
1 TS 05% FBS HjAolA 2427 &<t ujj ket &
450 mg/dLe| i1 wieel o= g o, rAdTGF
B1S E& rAdTGFA1AS viruss <ol @A
AAF MOIQ Foz vitxg Alxe] Bk 244
7+ & ujedel s wm@ska o] F 48AI7tvict ujgFelE
gk g2Ee virusE ¥4 &3 100 mg/dL
glicose & 450 mg/dL glucose7} Z35o] AUE
jeFolof A 7+ ubio R wigs ahrh rAdTGF B
1S &2 rAdTGFB1AS®E A e 644 5= &
7t wellol Trizol 89 (Invitrogen, CA, USA) 1
mL& o] AES sl AF s

6. Reverse transcription-polymerase
chain reaction (RT- PCR)

Trizol $-9) (Invitrogen, CA, USA)e] &gl Al
¥ chloroform2® RNAEZ ¥]3}il, isopropanol,
75% ethanoli ®A @ 4] #3 b Tris-EDTA £
oo £3 wstsrh 1 g RNAE DNasel 2= Llscs
A7 & 200 U MMLV reverse transcriptase, 217}
0.5 mM2 dNTP (dATP, dCTP, dGTP, dTTP) s
100 ng random hexanucleotide primer7}t gl l3
o golo|A 37°CE 1417} reverse transcription &

Fig. 4. Rat mesangial cells infected with Adeovi-
rus with LacZ gene.
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Table 2. Primers Used in PCR

Primers Sequences (expected size) Location (Genbank)
TGF- 8 F:5-GGATACCAACTACTGCTTCAG-3’ 1252-1272

R:5-ACGATCATGTTGGACAACTGC-3" (312 bp) 1543-1563 (NM_021578)
GAPDH F:5-TGTTCCAGTATGACTCTACCC-3' 930-1000

R:5 -TCATGAGCCCTTCCACGATG-3' (390 bp) 1350-1369 (AF 106860)
Fibronectin 5 -CACTGGAAACACTTACAAAGTG-3' 513-534

5'-CAGACACAAACACTCCAACATA-3" (208 bp) 699-720 (X 15906)
Collagen 1 5 -TGTATGCTTGATCTGTATCTGC-3’ 141-162

5 -AGCAAAGTTTCCTCCAAGACC-3' (310 bp) 430-450 (Z 78279)
Collagen III 5'-CCAAGGCTGCAAGATGGATG-3’ 1141-1160

5 -TGGCCTGATCCATGTAGGCA-3" (302 bp) 1423-1442 (A] 005395)
PDGF-B 5'-CGTAATCGCCGAGTGCAAGA-3’ 33-52

5-GGTCACTGTGGCCTTCTTGA-3" (238 bp)

251-270 (L 40991)

o] cDNAE AA4g g, 65°CoA 108 s< 714
ste] MMLVE 23843} stk 44 ¢9 ¢cDNAE
67.5 uM dNTP, 2U Taq polymerase, GAPDH &-&
TGF- 81, collagen type I, collagen type III, fibro-
nectin, PDGF-B primer (Table 2)7} Z3¥ d-&
gl i1 Perkin Elmer 9600 7]A% PCR& 3}
Ay, TGF- A1 primers antisense ¥ sense frag-
mentete] TES 93lo] cloning® gene vlFZo] 9
ASE2 &99rt Antisense ¥ sense mRNA2 A
A& 7] #1341 primer dluE cloned fragment
Yell, &2 s} pShuttled HA3EE tRQ1EA
t}. PCR #71& denaturation& 94°CollA] 20%&, an-
nealing2 57°ColA 30%, primer extension< 72°C
oA 20%o]™, 30 cycleE A3l t}t Agarose gel
Al A7]9%58 g F DNA bandZ densitometer=
ZAste] FEE dopiirh ZF £F FE+ GAPDH
FER HBAsACh

d 1t

WA 2 ME2 TGF-81/GAPDH ¥%H[+= 100
mg/dL glicose WA} vlng o 450 mg/dL glhu-
cose HWlFdoA & o Egtot BAEA o= gl
Qv (FF L EEHA 088+008 vs. 0.9970.14, p=
0.24) 1efv} rAdTGF B1AS virus® TGF- S lan-
tisense gene< transduction ¥ WAL S A E A
= B 7 2ot 99 lA TGF-A81 mRNA o] 2
250 AL (0.75+£0.05 vs Z+ i p<0.05, Fig. 5),
ol#gt W3}z TGF- A1 sense genes transduction

g rAdTGFA1S oAy Holx gstth (0.96=+
0.08) (Fig. 5). Fibronectin, collagen type 1 %
PDGF-B 59 t1& d#3l 4% TGF-581% &4
3 Ax3E B9 (Fig. 5). 28 collagen Il 7t
Tl BAHeRE feog Aol7b gtk (Fig. 5).
olglg A= L £7Peg PCRE 33 wiald
gelstch z+ 9] H]®W¥ unpaired t-testZ 3}

et

m

o0

=1
I

kK

&

thg A5A D #AstE BEFE @A7A 7}
ZF & Y=ol 9= Aol TGF-A10H, 53] ¥
WA A%E modeld Al 71E AT AFst wel o
TGF-81% 4%, T 437, dd7/dAAE, w
AR R HE, FZTAE, ZIAE 55 X¥EE BE
AEANA &B|7F HH, £H7F @ F latency asso-
ciated peptide’t BolA o =x Bt ¥,
ol #4gste ez A% 25 KDa %9 disul-
fide linked dimeric protein©.& &A3tc}, TGF-481
2 T, B gat2 NK MAEY &2 94, IFN-«,
TNF-«a, IL-1, IL-2, IL-39] A4 <A, endothe-
lin-13} plasminogen activator inhibitor®] A4 2
A9 58S I 715s /M2 gdew, 1
713 Z gdA vl F9 st AREE fEdE
Ao}, o83t H43t 4% fibronectin, collagen,
proteoglycan #& Al¥% 7|4 AR % integring]
A4 ZZ7}, matrix degrading protease?| A4 <

AL B3l olfoldttn d#lAd YH?, Yamamoto

o
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Fig. 5. PCR analysis of mRNA expression
of fibrogenic cytokines in ral mes
angial cells. NG : normal glucose,
HG : high glucose, S :recombinant
adenoviral vectors with sense TGF-
A1 gene, AS: recombinant adeno-
viral vectors with antisense TGEF-
£1 gene. The results shown are
ratios of each molecule/GAPDH
absorbance in  arbitrary  units
(mean *SD, n=4). ‘p<0.05 compared

with HG, 'p<0.05 compared with

NG, "'p<005 compared with HG &

s
Q8 o ZetA Jerdg mastdoht i
M A, 29 1710%*-1%1 TGF-A1¢|
mRNA #ale] el vehhz Aoz deld vk

BogEe Ao e A 2 aSAE 2 )
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AAg AEE nEEe] Go e wMgde] Youn
9 WE TGF-3419 Aol F73-g #zd +
QAN ol## Apde] 7|xste] TGF-81% 1A
oz wgaRze 1Pg Atz = o
Azt ol . FAE antisense oligodeoxynu-
clotide® o] &3AY ™ TGF- 184" £& pro-
teoglycan©. 24 TGF-A1 A4-€ Ae+= decorin
Vg olgshiz ¥ ¥& 1 d2 5 & Utk TGF-
B1E 9AlstE £ g2 whozs B AFA A
=8 Az o] TGF-A1 antisense RNAS o] &3}
T oUHe Aze 2 o A% Fg Hopo
A obd wE"E 477t gtk Antisense RNAE
stz = 279 RNAS AR Z<Ql (comple-
mentary) RNAE dZ+=rh Watson-Crick o] &of
o5t ARAA H7] WEE 712l DNA-DNA,
DNA-RNA, RNA-RNA® MZ A% + = vl
antisense RNAY® H3E3l= 39 RNAJ A3t
AA g#E vehdrt )23 antisense RNAS] 2
2 pre-mRNA9] splicing 94 & mRNA 9
AxAz o)F AN ribosome AF Aghol] ¢
& oA {ranslation Y So) o) aHE el
We Aow s vk B dARdgME, 1e=e)
Foll wldAE HXEE wjdEHA TGF-81 anti-
sense A& adenovirus vectorZ ©]-&3le] F¢
sti, 1 A3Z AAE TGF-A1 antisense RNA7Z}
TGF-81 2 A3t @A E o8 BAE oy
g g YA g BEEuz ok A 2
A7 TGF-B1 antisense& 7F2!  adenovirus
vector= WA R MEZo|M TGF-F1 mRNA 238
< udA FaAA L,
PDGF-B¢t e the A3 Edr ojadez 7+
27 A #EE F vk 28y 2 APedlA
LFxe oA oz g EdEo Jame 2
2 W3] Futex sk oo UF olf= iy
A o nxxel P wigd 77t wal z}o)s}
v A obdrt AztE, old Wy AL % Ay
2 gHEojol & oz Ero

2 A E FHA dg £HeZ adenovirus
vectorg AM&3t9 dHl MOI 194 5 Az #H&
Fogx dud] a&Hoe FHRAI} Ao Agd
< BF & 5 AL Adenovirus vector: 4Hglel

23 BHE geneol @ Frro] Wbt Wel whg

i

¥ collagen, fibronectin,

S fdsla, AE GYAUR geneo] AYHA ol
717 @de] A g2 transductions s nF
27t ga7EE T B UM Aol gl o] AR
o]t} 1)} AA7A adenovirus vector THo] 2l
AR transduction ® 4 %03, viral coding re-
giong AF AAstH AR EARE sdsie 9
AN BT g He T, B AT
AHg-3t71 &2 gk

foksHl, B Aol adneovirus vectorgE ©]
23l9] TGF-p1 antisense FHAE wgd wAA
Ao HEgozN TGF-AF1E WE3 o 4
3 238 JAEIN L, ol Ades FF FE 4
3 o g2 478 Sild #4FE, ddsH
Aoltt,

2 % Jo oo
- Olﬂ
oo Mo K

= Abstract =

Attenuation of the Expression of
Fibrogenic Molecules by Transforming
Growth Factor- 81 Antisense in
Cultured Rat Mesangial Cells

Gyu Tae Shin, M.D. and Heungsoo Kim, M.D.

Department of Nephrology, Ajou University
School of Medicine, Suwon, Korea.

Background : The diabetic milieu augments the
expression of transforming growth factor-A81 (TGF-
B1) in mesangial cells, which, in turn, stimulates
the accumulation of extracellular matrix in glomeruli.
Accordingly, mesangial cells have been shown to
produce increased amount of TGF- 81 when exposed
to high glucose concentrations in vitro.

Methods : In the present study, we examined the
effects of antisense TGF-A41 gene transfer on the
expressions of several cytokines implicated in Kidney
fibrosis. The DNA fragment containing bases -162
to +168 of rat TGF-£1 sequence was isolated by
reverse transcription-polymerase chain reaction (RT-
PCR) from rat kidney tissue. This PCR product was
ligated in the xbal-Kpnl restriction sites of a shuttle
vector in forward and reverse orientations and rep-
lication defective recombinant adenoviral vectors con-
taining either the sense or antisense TGF-81 genes
under the control of a cytomegalovirus promoter -
rAdTGF B1S and rAdTGF A 1AS, respectively -
were generated. Rat mesangial cells infected with
recombinant adenoviruses were grown in normal
(NG, 100 mg/dL) or high glucose (HG, 450 mg/dL)
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media for six days, and mRNA expressions of the
monolayers were evaluated by RT-PCR.
Results : An  adenoviral vector containing the
antisense TGF-A1 gene significantly downregulated
the gene expressions of TGF-41, collagen, fibro-
nectin and PDGF-B in cultured rat mesangial cells.
Conclusion : The expression of fibrogenic mole-
cules were significantly attenuated by adenoviral
vectors with antisense TGF-£1, and such results
should be confirmed in the future study of animal
models of diabetic nephropathy or chronic kidney
diseases. (Korean J Nephrol 2003;22(4):349-357)

Key Words : Adenoviral vector, TGF-81 anti-
sense, Mesangial cells

g1gd

1) Border WA, Noble NA, Ketteler M:TGF-8 :a
cytokine mediator of glomerulosclerosis and a
target for therapeutic intervention. Kidney Int 47
(Suppl 49):559-561, 1995
Hoffman BB, Sharma K, Zhu Y, Ziyadeh FN:
Transcriptional activation of  transforming
growth-A1 in mesangial cell culture by high
glucose concentration. Kidney Int 54:1107-1116,
1998
Clarkson MR, Murphy M, Gupta S, Lambe T,
Mackenzie HS, Godson C, Martin F, Brady HR:
High glucose-altered gene expression in mesan-
gial cells. Actin-regulatory protein gene expres-
sion is triggered by oxidative stress and cyto-
skeletal disassembly. jJ Biol Chem 2779707
9712, 2002
4) Kim SI, Han DC, Lee HB:Lovastatin inhibits
transforming growth factor-betal expression in
diabetic ratglomeruli and cultured rat mesangial
cells. J Am Soc Nephrol 11:80-87, 2000
Ishimura E, Sterzel RB, Budde K, Kashgarian
M : Formation of extracellular matrix by cultured
rat mesangial cells. Am J Pathol 134:843-855,
1989
Mohaupt MG, Fischer T, Schwobel J, Sterzel
RB, Schulze-Lohoff E: Activation of purinergic
P2Y2 receptors inhibits inducible NO synthase in
cultured rat mesangial cells. Am J Physiol 275(1
Pt 2):F103-110, 1998
7) Harper PA, Robinson JM, Hoover RL, Wright
TC, Karnovsky M]J: Improved methods for cul-
turing rat glomerular cells. Kidney Int 26:875-
880, 1984
8) Wu W, Welsh MJ, Kaufman PB, Zhang HH:

2

=

3

g

5

<

6

=

9

=

10

=

11)

12

~

13)

14

=

15

z

16

=

17

—

18)

_356_

Gene under expression in cultured cells and ani-
mals. In:Methods in Gene Biotechnology. NY
CRC Press, 1997

Munir MI, Rossiter BJF, Caskey T :Antisense
RNA production in mammalian fibroblasts and
transgenic mice. In: Antisense RNA and DNA
edited by Murray JAH. NY Wiley-Liss, Inc.
1992

Nahman NS Jr, Clark KR, Sferra T], Urban KE,
Troike AE, Kronenberger J, Sedmak DD : Suc-
cessful DNA transfer in cultured human mes-
angial cells using replication deficient recombi-
nant adenovirus. J Investig Med 46:204-209,
1998

Yamamoto T, Noble, Miller DE, Border WA :
Sustained expression of TGF-A1 underlies de-
velopment of progressive kidney fibrosis. Kidney
Int 45:916-927, 1994

Border WA, Noble NA : Transforming growth
factor £ in tissue fibrosis. N Engl J Med 331:
1286-1292, 1994

Yamamoto T, Nakamura T, Noble NA, Rouslahti
E, Border WA :Expression of transforming
growth factor A1 is elevated in human and ex-
perimental diabetic nephropathy. Proc Nat! Acad
Sci USA 90:1814-1818, 1993

Yamamoto T, Noble NA, Cohen AH, Nast CC,
Hishida A, Gold LI, Border WA :Expression of
transforming growth factor £ isoforms in hu-
man glomerular diseases. Kidney Int 49:461-469,
1996

Iwano M, Kubo A, Nishino T, Sato H, Nishioka
H, Akai Y, Kurioka H, Fujii Y, Kanauchi M,
Shiki H, Dohi K:Quantification of glomerular
TGF-£1 mRNA in patients with diabetes melli-
tus. Kidney Int 49:1120-1126, 1996

Akagi Y, Isaka Y, Arai M, Kaneko T, Takenaka
M, Moriyama T, Kaneda Y, Ando A, Orita Y,
Kamada T, Ueda N, Imai E:Inhibition of TGF-
B1 expression by antisense oligonucleotides sup-
pressed extracellular matrix accumulation in ex-
perimental glomerulonephritis. Kidney Int 50:
148-155, 1996

Isaka Y, Tsujie M, Ando Y, Nakamura H, Kane-
da Y, Imai E, Hori M : Transforming growth fac-
tor-beta 1 antisense oligodeoxynucleotides block
interstitial fibrosis in unilateral ureteral obstruc-
tion. Kidney Int 58:1885-1892, 2000

Han DC, Hoffman BB, Hong SW, Guo J, Zi-
yadeh FN:Therapy with antisense TGF-betal
oligodeoxynucleotides reduces Kkidney weight and
matrix mRNAs in diabetic mice. Am J Physiol



— A -

19

=

20

=

21)

22)

Renal Physiol 278 F628-634, 2000

Border WA, Okuda S, Languino LR, Sporn MB,
Ruosiahti E: Suppression of experimental glo-
merulonephritis by antiserum against transform-
ing growth factor- 81. Nature 346:371-374, 1990
Border WA, Noble NA, Yamamoto T, Harper JR,
Yamaguchi Y, Pierschbacher MD, Ruoslahti E:
Natural inhibitor of TGF-81 protects against
scarring in experimental kidney disease. Nature
360:361-364, 1992

Fakhrai H, Dorigo O, Shawler DL, Lin H, Mer-
cola D, Black KL, Royston I, Sobol RE: Eradi-
cation of established intracranial rat gliomas by
transforming growth factor B antisense gene
therapy. Proc Natl Acad Sci USA 93:2909-2914,
1996

Helene C, Toulme ]J: Specific regulation of gene
expression by antisense, sense and antigene nu-

254 AR A FENAM Transforming Growth Factor- 81 AntisenseZ o] £¢ A-F38 &d9 A —

cleic acids. Biochim Biophys Acta 1049:99-125,
1990

23) Munroe SH: Antisense RNA inhibits splicing of

pre-mRNA in vitro. EMBO J 7:2523-2532, 1988

24} Ch'ng JL, Mulligan RC, Schimmel P, Holmes

25

26

=~

=

EW : Antisense RNA complementary to 3’ coding
and noncoding sequences of creatine kinase is a
potent inhibitor of translation in vivo. Proc Nat!
Acad Sci USA 86:10006-10010, 1989

Favre D, Ferry N, Moullier P : Critical aspects of
viral vectors for gene transfer into the kidney. J
Am Soc Nephrol 11(Suppl 16):5149-1553, 2000
Kochanek S, Clemens PR, Mitani K, Chen HH,
Chan S, Caskey CT:A new adenoviral vector:
Replacement of all viral coding sequences with
28 kb of DNA independently expressing both
full-length dystrophin and A -galactosidase. Proc
Natl Acad Sci USA 93:5731-5736, 1996

- 357 -



