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Skin fibrotic disorders are understood to develop
under the influence of various cytokines, such as trans-
forming growth factor(TGF)- 31, connective tissue growth
factor(CTGF) and vascular endothelial growth factor
(VEGF). To establish an appropriate animal model of
skin fibrosis by exogenous application of growth factors,
the author investigated the in vivo effects of growth fac-
tors by injecting recombinant TGF- 31 protein and pCMV-
Flag5-CTGF into the subcutaneous tissue of Sprague-
Dawley rats. A single application of TGF-31 protein and
CTGF DNA resulted in the formation of transient granu-
lation tissue. Immunohistochemical finding showed in-
creased expression of TGF-31 protein after injection of
pCMV-Flag5-CTGF. In situ hybridization analysis re-
vealed the expression of CTGF mRNA after injection of
TGF-41 protein. VEGF expression was not affected by
the TGF- 31 and CTGF injection. These findings suggest
TGF-51 and CTGF are deeply related with skin fibrosis
and it appears that TGF-31 may cause the induction of
CTGF expression. |

The animal model on skin fibrosis by exogenous
application of TGF- 1 protein and CTGF DNA developed
in this study may be useful for future studies on fibrotic
disorders.
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Table |. The Sequence of Primers for TGF-A1, CTGF and GAPDH

cDNA Primer

TGF- 51

CTGF

GAPDH

5 .CCTGCTGCTTTCTCCCTCAACC-3
5-CTGGCACTGCTTCCCGAATGTC-3

5-AGAACTGTGCACCGAGCGTG-3
5. CTGACCATTCAGAGACGAC-

5 -GTGGACATTGTTGCCATCAAGG-3’
5. GAGCGAGTTGTCATATTTCTCG-3'

TGF: Tnanmmmg growth factor, CTGF: Connective tissue growth

factor, GAPDH: Glyceraldehyde-3-phosphate dehydrogenase
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open reading frame(ORF)o] ¥ 3% (DNAY &) oB.2
218}7] 98l A ORF Wo)) 0= #)3+54 EcoR13} 3\1101,
PstlS o] 83l plasmidE Ahs] B A}, 242 3 kbel
2kb, 0.6kbe] Z7]9] AQIFAHAE Fslych o
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gelstc). ej A Ba)gl pSK-hCIGEE 802 PCR
WSS +3591, o] A7} 1.1kbe) CTGF (DNAE 81
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7129-S QlstaAl 519} Sequencing 0.2 CTGF
of @7IMEL] HEHE UL 5 slen, CIGE
cDNA7} 22} glo] & SEZEUE ¢ 4 USiTH(Table
1) XfE5ERdo|r CTCFE %8A7]24 C-terminal

220 Flago]ehs gl o] Base g Adasly
ol2] 3k WE S F257] 98] pSTBlue-hCTGFE EcoRl
oz Aohsla] 11kbe] ALSISHAE #1597, EoRl
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Fig. 1. Amplification of hCTGF DNA. (A) E Effect of CTGF
expression by high glucose in human smooth muscle cells. Lane

1 and 2; 5.5 mM 'ilelL{.'}'*:-L 3 and 4; 30 mM glucose. (B) Amplifi-
cation Uf' hCTGE. Lane 1; hCTGF from pSK-hCTGF, M; 100 bp

DNA ladder.
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Table 1I. DNA Sequence of hCTGF
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atgaccgecgccaglatgggeccegteegegtegecttegtggtectectegecctctgeageeggecggeegicggeeaga actgcagegggeegtgeeggtgeecggacgageegy
cgeegegctgeecggeggacgtgagectegtgetggacggetgegeactactaccgegtctgegecaa geagctgggcgagetgtgeaccgagegegaccectgegaccegeacaag
ggcctctlctgtgacttcggctccccggccaaccgcaagatcggcgtgtgcaccgccaaa ga tggtgctccctgcat{:ttcggtggtacggtgtaccgcagcggagagtccttcca gagc

agctgcaagtaccagtgeacgtgectggacggagcgataaac tgcatgecectgtgeageatggacgtteglctgeccageectgactgeeccticccgaggagggtcaagetgeeeg

ggaaatgclgegaggagtggatgtgtgacgageccaaggaccaaaccgtggttggacctgeecte ecgecttaccgactggaagacacgitiggeccagacccaactatgattagage
caactgectggtccagaccacagagtggagegectgticcaagacctgtgggatgggeate tccacccgggttaccaatgacaacgectectgeaggetagagaageagageegecetgt
gcatggtcaggecttgegaagetgacctggaagagaacattaagaagggcaaaaagtgeatecgtactcccaaaatctecaa gectatcaagtttgagetttctggetgeaccageatga
agacataccgagctaaattctgtggagtatgtaccgacggecgatgetgeaccecccacagaaccaccaccctgeegglgga gttcaagtgcecctgacggegaggtcatgaagaagaa
catgatgttcatcaagacctgtgectgecattacaactgtcccggagacaatgac atctttgaatcgctgtactacaggaagatgtacggagacatggea

hCTGF: Human connective tissue growth factor

ATG
CTGF
EcoRl EcoRl

pCMV-Flag5 Vector
Ligase

Ligate l
Transform 1

Plate '
Kanamycin
__— Selection

Liquid culture l

Competent cells
DH-5 a

LB Medium

LB Medium

Fig. 2. Qutline of pCMV-Flagh-CIGF's construction, selection,
and purification.

Akl S =48l Fig. 29} 2.
Ct. MZOIM pCMV-Flagh-CTGFQ| sl &0l
ol &8 A pCMV-Flags-CTGFE
NIH3T3 4| £2 =YAZl &, CTGFe] &3§l ofF-Z RNA
Fxol A dAAoez Rl pCMV-Flagh(negative
control)¢} pCMV-Flagh-CTGFE- 7} 7} transfectiongl A 3
o] A] RNAE #g|s}e] Northern blotg 4313 A,
pCMV-Flag5-CTGF & =] A7 Ml A CTGF7} 75}

FHEE AL FAATHFg 3)

Li pofectectami ne<-

2l. pCMV-Flag5-CTGF2| m|§ 50{ 2! aks &tol
HV]-liposome & ©|-&3%}a] pCMV-Flags-CTGFE #| 2|
3 afo] F9)8)}o] 3 Fof CTGFe] HH & o35 #9ls)

Aok ol 5 3l #F S HFE A5t cryosectiond} gl

Fig. 3. Ectopic expression of pCMV-Flags-CTGF in NIH3T3.
NIH3T3 cells were grown in the DMEM media in the presence ol
10% FBS. The cells were transfected with pCMV-Flag5(lane 1) or
by pCMV-Flag5-CTCF(lane 2) by lipofectamine. 24hr after trans-
fection, the RNAs were isolated, electrophoresed through 1%
denaturing agarose gel, transferred onto nylon membrane, and
hybridized with ¢cDNA[ @-"P]-labelled CTGF(upper panel). The

RNAs were stained with EtBr before transfer(lower panel).

thool#A) Eulg s d@oz 13 FAZ antiFlag

antibody &, 24 84| 2 anti-mouse-FITC-conjugated anti-

bodyS- o] -8t AP FA Aot FYFan]do= -
1He g1d A}, 3o m|izAo)A CTGE7} B
Se Ae gsAd.

D!

O LS0AMQl TGF-g13t CTGFY 28l el
eky o
#z|9 3Rol pCMV-Flags-CTGF} TGF-41 @<
Folgtel 1 WEetS RT-PCR uhjoz sl
TGF- 12 pCMV-Flag5-CTGFE §-o]sl 794 oll, TG
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g1 G2 S TSNS Wk 72 O $E g sy
z= qlith 22]il CTGF= pCMV-Flagh-CTGFS: o &
393} 79 Ao BT SRlE s 202 eyt on, TGE- 51
i) A8 Fo3S Agols 3dsolE FalA waEg
Ak, 7970l = YRR IUch(Fig. 4). B3 HwAH
ghakol) A} TGF-51 9 CTGF Fof o] oA 1 29| 9]
27] 454 ¥l 73 2 ASAEY H&o] BaEg
o} z2e] F20] P = UThFig. 5). Trichrome & 4 o] A]
TGF-51 2 CTGF o4t RFo| A ofdt wgdd o] 2o

1 2 3 4 5

TGF-B1

CTGF

Fig. 4. Expression of TGF- 81 and CTGF mRNA in the skin. 1;
PBS, 2; 3 days transfected with pCMV-Flags-CTGF, 3; 3 days
injected with TGF-j31 protein, 4; 7 days transfected with
pCMV-Flag5-CTGF, 5; 7 days injected with TGEF-51 protein,

TAE F7islo] B3s]7] AAsgTiFg. 7). TGE- 51
Fof &394 in situ hybridization$ & CTGF mRNA
o gHle] RAH o, 79 o) Fol = TCFY FHL
54 Bt(Fig. 7). TCGF-81 Fof % VEGFY] WHE
N S wAEA Yok CTGF Fof 3 TGE- 51
HES AR e o] BaE e 14U
2 8ol ostA FaE ek CTGF %o § VEGFY
e RN 7)o 9 A7 BEE oL diA

o] 517 kskeh(Fig. §).

1o px

pEs

u

5 56 =) 2 _:::r:r*TI"" = i o
EEEk

s B TGF-f1 #¢ ohzt TNF-g
IFN, IL2, 12 59 ) 13 cytokine:} IL4, -5, -10, -13

59) 4 28 cytokineSE M2 7] 247138 53} 4

SRR

|

14 0.8 3}ojdlc) o] & cytokine % mediator

Fig. 5. Light microscopic findings of rats inj

injection. B: Seven days after pCMVY-Flag3-CTGF injection. C: Seven days

TCE- 21 protein injection(Orignal magnification: A and B,

ted with pCMV-Flags-CTGE a S q .
ccted with | y after pCM‘v'-FIﬂgE-C IGF injection. I: Fourteen days after

<100, Cand D, ~ 200).

nd TGF- 21 protein. A: One day after pCMY- Flag>-CTGE
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Fig. 6. Masson trichrome stain shows increased cnilagen deposits at day 1 (A), day 7 (B), and day 14 (C) after pCMV-Flag5-CTGF
injection(Orignal magnification: A, % 100; B and C, < 200).

Fig. 7. Immunohistochemical findings of VEGF expression at day 1 (A) and day 14 (B) after pCMV-FlaDS CTGT injection; TGF- /1
expression at day 1 (©) and day 14 (D) after pCMV- -Flag5-CTCF njection(Orignal magnification: A and D, x 100; B and C, x 200).
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Fig. 8. In situ hybridization shows in-
creased expression of CTGF mRNA at day 3
after TGF-f1 protein injection (A). CIGF
mRNA expression is decreased at day 7 after
TGF- 31 protein injection (B) (Orignal mag-
nification: A, x 100; B, > 200).
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