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The Effect of Antibody and Gene Therapy for Transforming
Growth Factor-31 on Scar Formation

Jun Hyung Kim, Ki Hwan Han, Jong Duck Ahn', In Kyu Lee', Eun Joo Kim?
Mee-Yul Hwang? and Kwan Kyu Park?

Departments of Plastic Surgery, 'Internal Medicine and *Pathology, Keimyung University School of
Medicine, Daegu, Korea

Background : Transforming growth factor (TGF)-# has a large variety of biological functions,
including the modulation of inflammation and the immune system, and is presumed to play
important roles in repairing wounds and reducing scarring. The objective of this study is to
examine the effects of TGF-41 on healing wounds and reducing scarring. We have also
analysed the ability of the hemagglutinating virus of Japan (HVJ) liposome mediated anti-
sense oligodeoxynucleotides (ODNs) to specifically inhibit wound-induced expressions of
TGF-31 proteins and mRNA in the rat skin. Methods : Skin wounds were created on the
backs of 80 anesthetized rats. The first group of wounds, as the controls, was unmanipulat-
ed. The second group of wounds, as positive controls or an excessive scarring model, was
injected with TGF-31 subcutaneously. The third group of wounds was injected with anti-
TGF-1 antibody subcutaneously. The fourth group of wounds was injected with HVJ lipo-
some mediated antisense ODNs for TGF-31 subcutaneously. The wounds of all groups
were bisected and analysed histologically 5, 10, 15, 30, and 50 days after the wounds were
made. Results : All control wounds (TGF-31 or no injection) healed with scarring, whereas
the wounds treated with the antibody or antisense ODNs healed with less scar formation
compared to the control group. The wounds treated with the antibody or antisense ODNs
had fewer macrophages, less collagen and fibronectin contents than the other wounds.
Northern blotting and in situ hybridization analysis showed that wound sites treated with HVJ
liposome mediated antisense ODNs for TGF-31 exhibited decreased levels of TGF-51
mMRNA after injury. Conclusions : These findings suggest an important new approach to
controlling scarring in normal wound healing, complementing the practice of adding exoge-
nous growth factors to chronic wounds in the attempt to inhibit collagen deposition.
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e My 2% Hjo|HA(Hemagglutinating virus of
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TGF-41, CD 68, fibronectin 59 ¢l WS olH 7]
S13l o5 2zt g HE 24 A E ARt HgxFset
AL sisith T EvjE IRAAREE 4 pm FAR
A B2 A2 oo Bo|x gngas AAH
Tk viErgol 3Ae 3% atalrag Sl 3087t
Azt Wl Fatstade] digh 9 Adstal 001 M
A FF el 1087 A Hsktk TGF-B1, CD 68,
fibronectin Z}Ztell t&k 12+ A 37°C oA 3087 wHE-A]7]
13, biotinylated anti-mouse IgG (DAKO LSAB kit,
US.A)E 22 AR AREste] 37ColA 1587 JHAIZ T
Streptoavidin peroxidase (DAKO LSAB kit, US.A)ZE 37
ColA 1587 ¥-2A]7]17 DAB (3, 3 -diaminobenzidine
tetrahydrochloride) 2 A&tE 18 thy FvjE4dze
Hxdaet & getdn| g o s #Esh

TGF-£1 mRNAO| CHSH in situ hybridization

2% 3-aminopropyltriethoxysilane (Sigma, St. Louis, MO,
US.A.) 9 0.1% diethyl pyrocarbonate (DEPC) (Sigma, St.
Louis, MO, US.A)Z A3 fg &go]=e] 4 um FA=Z
ZA HAEE 2ol 60C Qe s WRste] 24 Hug
Sefol B TN 27 HHS £ EO|EE xylene®
2 gunstal AE 43R §43 F DEPC Hd T/
T2 FAEIAT 23 AW Yol 10 pg/mL FE9] proteinase
K (Boehringer Mannheim, Mannheim, Germany)E& 30-50
UL ASNT 3TCAIN 3087 WA AEA D o) T
¥ AAS F DEPC AP ZRFE AT, 04%
paraformaldehyde® 4°Col| A 2087+ ZA43I Ao A 02%
glycin £H02 A3 & 959 LILE AHslo] F7] Fo
AzAZ F8 BEAINS-S AAE] Hel BAdTtS
dojl A 2AAE A9 LA 7 37°C A 2417+ FoF ARF
AT ATl ARt AAA= TGF-B19
A A9l 30 mer oligonucleotide (Bioneer, Korea)e®l oligonu-
cleotide tailing kit (Boehringer Mannheim, Mannheim Ger-
many) & A3t digoxigening A3 AHESHATE WHE-E-H
o 243} #FF = 747 50% formamide (Sigma, St.
Louis, MO, US.A.), 4 X SSC, 5 X Denhardt €9, 5 ug/
mL salmon sperm DNA (Sigma, St. Louis, MO, US.A.)
2 ZAS% Y digoxigening ¥AT A24A= 03 ng/mL ¥
2 AREsith 22 dH 9ol 20-30 pLe] WHEEAS
st WREE 9 & ATER gl 37CAA s 7
o WHSAIAT AREHA g 2ARE AAN] A8 2 X
SSC 10 @ 37ColA 1027+ F ¥, 01 X SSC 4907
10%, 01 X SSC £940.2 A2o)4) 587} FAlselT), H5o)
kS A (05% bovine serum albumin) 2 37°C oA 308

7F A2)d & anti-digoxigenin Fab alkaline phosphatase
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(Boehringer Mannheim, Mannheim, Germany, 1:500)& A}
&ate] 37°CoM 3027 ARNHSAIZT Nitroblue tetrazoli-
um (NBT: Boehringer Mannheim, Mannheim, Germany)
9} 5-bromo-4-chloroindolyl phosphate (BCIP: Boehringer
Mannheim, Mannheim, Germany)% 220 1-8A]7F FoF
A WEEAI7) AL methyl green®® tHEEA ST 2|
2SR B3] Aol WPAHOE A walo] 0Bl
o= R

TGF-A mRNAO| it northern blot =44

RNAE #237] flatd dsidAs AMgate 24 01 g&
27 B8k, HALH(4 M guanidin thiocyanate, 05% lau-
ryl sarcosyl, 25 mM sodium citrate, 0.7% S mercap-
toethanol) 3 mLE 7}ste] 24 EH7|2 AEE w9A)7|2
A3 FE 2 M sodium acetate (pH 4.0) 03 mLE ¥
2 A3 #E 3 mLE Yol e EETh SEEEF 06
mLE A7kl 187 A &5 F IS0l 2087 wHSAI
th 12,000 rpm 2 207 AR st FH NS 2L 87
2 271 % 3 M sodium acetate (pH 52)5 1/10 #3] 7}t
o] & 4olF vhy 5% 7919 isopropyl alcohols H7kted -70
ColA a5rEe WA 12,000 rpm Q& 2087 QAR
2l3led RNAE AN 0% ¢3E&2 AZe § DEPC A
g SR o] BFAEAE o] AP

Northern transferg $J3te] %% RNAE 20-30 ug #3t
o] 5 X gel running buffer, formamide, formaldehyde?] %
B)7} 4:2:35:100] HEF 2 42 F 65C A 1587 ¥4l
713, gel loading dyeE 1/10 {3Z Hrlste] =H|skth
RNA gel2 agarosedl] DEPC #g] 745 ¥ #9 £5 x
gel running buffer 1/5 §3|, formaldehyde 22/123 H3&
H7kstel & E3sted AREslGITh W79 %2 3-4 V/emo| 5
L5 Fsiint 147195¢ RNAE DEPC Ast S/
3-43] N# 3} transfer bufferol] 40%7F @7kt AMEE ke

As)
=
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gel 712 #e} DEPC A2 SHF 1587 B ¥ 10 x
SSCell ®7F AR w7k BAEITE 2 7o AAUE ¥

[o

T AFAE 27 ¢lojA 10 x SSCE FATh RNA gel& H3
of A3A] Qo FiL FHE 2 FUTE 2 X SSCAl A4l o
INE F 4 5T ) BT ¥ F 842 F Aolank

Hybridization®] AFE% probe DNA+ Megaprimer kit
(Amersham Pharmacia, Life Science, Little Chalfont,
Bucks., UK.)%th TGF-A1 DNA 25 ngol Mega primerE
A7kate] 100°CellA 1087 Fo] MAAT F 429 15% o
A} HF2)3ke] annealing A ZAth G504 10 x buffer®} dNTP,
a-"P dCTP (Amersham Pharmacia Life Science, Little
Chalfont, Bucks,, UK.) KlenowZE #7}ste] 2+ 42 & 37C
oA 308 o]} WHSAIATE Probe DNA®] H71E#] 28 a-
P dCTPE AAs] 913k Nick-column (Amersham



7 2SI TGF- 81

Pharmacia, Life Science, Little Chalfont, Bucks, UK.)<
AREEIEE Columng 322 Al$ equilibration buffer (

mM sodium phosphate buffer, pH 6.8) 3 mLZ 33] A|%

S probe DNAE column 9] 93 equilibration buffer%
400 pL #H7bst4th I o TEN (10 mM Tris, 5 mM
EDTA, 200 mM NaCl)& 1 mL F7lsle] U 3282 E-
tubedl] Wobx] 100°CellA 1087 323 & HFFAFol A
stk doj® =& 6 X SSColl 1587 B F 7] FellA
T 80C oA 2417 F9F AT e AdwhE §9S 65Col
A HRSAIA S A § F BRAERES Wl e ¥
ExpressHyb £9& 5-10 mL 37}ste] 1417 kg7t A

mm

3 —&— Control
—m—  Gene tx
Ab

—<— Ag

5 10 15 30
Day
Fig.1 The size variation of the scar after injection of transforming
growth factor (TGF)-81 (Ag), anti TGF-41 Antibody (Ab) and
antisense oligodeoxynucleotides (gene). The size of the
scar after gene therapy is mostly reduced (20 rats per guoup: P
<0.05 compared with control group).
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BAGuRS Lolo] probed Zo]% 1X10" cpm/mL QEE
A7Vslel BEPAGHRS S o7 AL HEbAgk-
CollM 1A17F o)A 8l%ieh Ald #A4E 2 x SSC, 01% SDS
B LA 1587 8k F 02 x SSC, 01% SDSE 55C
oA 20%7F 28 SN FAEA7] (MacBAS, Kodak,
USA)E At A5 A% S7gste 4345 A=5sTh

2 1

B} F HEY Arle obF AAE A ¥ R &
TGF-p1% Foigh &g tEHot TGF- g1 W A &
= antisense ODNsS FoJ38l oA ] 7+A4sl= 202 e
‘;{'011] £3] antisense ODNs& Fo3 ol A 7p3 @o| 744
= 0% UesthFig. 1, 2). txwelA 3 w99 22
A HL2 Ao A E ST OH, 276 FolxF ol
HNE go= Aed Zapdle WS Ba) e Aoz 3
= UcHFig. 3). Y& FollAe] TGF-p1 v ds 33
g A e v F 2704 fokxzo] 349w wiol

% THE - 309A FEpdle] Bol AAEU

ol

¢

T ALE YERtH(Fig. 4). TGF-p51 Ty
13lo] Z7tE e AEES F2 AREAZ SdNYAE
=3 g gAAE FolNtkFig. 5). Fd § deY 71
TGF-f10] 53] AAdEE AZE AHERoH, o]
tha M o] G HES CD 680l thah W23} Gaol| A
T TGF-B1 gM3 £98 Axol] dagoamn geld 4 9
AcHFig. 6). oFFAE MA3kA] B thzo] A4 49 Al
FIME TGF- 41 o] JA=A] gFokot, TGF- Al O
3l 84 &2 antisense ODNs Fof $of] Au A 27} A =+

Fig. 2. The size of the scar is larger in the rat of control group (A) than that of antisense oligodeoxynucleotides (ODNs) injection group (B)
15 days after injury (trichrome stain).
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Fig. 3. The amount of collagen deposition is higher in the rat of
control group after 30 days (A) than that of 5 days (B) after injury
(trichrome stain).

Fig. 4. Transforming growth factor (TGF)- 81 is highly expressed
in the granulation tissue (A) after 5 days and less expressed in
the mature collagen (B) after 30 days of injury.

Fig. 5. Transforming growth factor (TGF)-31 is expressed in the
macrophage in the subepithelial layer after 5 days of injury with
TGF- 41 injection (A). High power view (B) of TGF-31 expressed
cells.

HLeME TGF-p1 ] wgo] F7t=|Qlek(Fig. 7). ¥
B9+ A T antisense ODNs o] Zof tfjZto] HI3|
TGF-$1 mRNA @dle] Awtzos ZAse 207 A3y
K Fig. 8). TGF-A1 mRNAe°| that in situ hybridization

Fig. 6. Immunohistochemical stain for CD68 is posotive in the
macrophages after 10 days after injury with transforming growth
factor (TGF)- A1 injection (A). High power view (B) of CD68
expressed macrophages.

2 northern blot #4790 2JeiA . mRNAS] 3o 7HAhES
eld  AAUKFig. 9, 10). °] A= F3te] TGF- 419
0 &l E= antisense ODNs& 0|88 712} X 57} ¥k
AL oL A FAANITE A AT 5 At



Fig. 7. The skin of the control rat (A) is negative for transforming
growth factor (TGF)- 31, but the regenerated skin after injury with
TGF- 1 antisense oligonucleotides (ODNs) injected rat (B)
expresses TGF-41.

Fig. 9. In situ hybridization for transforming growth factor (TGF)- 81
mRNA shows scattered positive cells of control rat (A), but nega-
tive in the antisense oligonucleotides (ODNSs) injected rat (B) 10
days after injury.

o &
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Fig. 8. Transforming growth factor (TGF)- 81 in the scar is
expressed in the control rat (A), but not in the antisense oligonu-
cleotides (ODNs) injected rat (B) 15 days after injury.

CT1 CT2 Abl Ab2 ODN1 ODN2 Agl Ag2
e RERET oS8

60
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CT1 CT2 Abl

Ab2 ODN1 ODN2 Agl Ag2

Fig.10 Northern blot analysis of transforming growth factor
(TGF)- 81 expression shows a 2.5 Kb band in control (CT), anti-
TGF- 31 antibody-injected (Ag), antisense oligonucleotides
(ODNs) injected, and TGF- 1 injected rats. Antibody and ODNs
injected rats shows lower levels of TGF-21 expression than in
the control or antigen injected rats.

Lol BE 3, 2 9ZAE 0d HFA° 2341 A
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Hol =EFo] JOHE §HE FEE e X golaA
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= 4l 98 Z#@E TGF-H1 mRNAY @3 E A2
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W TGF-A81 mRNA %7} antisense ODNs2 Foi3k 2174
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