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Effect of Relaxin Expressing Adenovirus for Rat Skin Flap
Viability
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Purpose: Of various effects of relaxin, we assumed that
anti-fibrotic effects, neovascularization effects and vaso-
dilatation effects of relaxin might enhance the survival rate
of skin flap. In the current study, we used adenovirus
expressing relaxin genes to examine whether these genes
could enhance the survival rate of a skin flap.

Methods: A total of 30 Sprangue-Dawley rats were
divided into three groups: RLX group (10; relaxin virus
injected group), CTR group (10; no gene coded virus
injection group), and PBS group (10; PBS injected group).
Each group was intradermally injected with the virus ('IO7
PFU) and PBS 48 hours before and immediately before the
flap elevation. A distally based flap 3 x 9 cm in size was
elevated on the dorsal aspect of each rat. Following this, a
flap was placed in the original location and then sutured
using a #4-0 Nylon. A surviving area of the flap was
measured and then compared on postoperative days 3, 7
and 10. Using a laser Doppler, the amount of blood flow
was measured. On postoperative day 10, tissues were
harvested for histologic examination and the number of
blood vessels was counted.

Results: There was a significant increase in the area of
the flap survival in the RLX group on postoperative days 3
and 7. The Doppler measurement also showed significantly
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increased blood flow immediately after the operation and
on postoperative days 7 and 10. The number of blood
vessels was significantly greater in the RLX group in the
tissue harvested on postoperative day 10. The VEGF
concentration was significantly higher in the RLX group
than others in the tissues harvested on postoperative day
10.

Conclusion: Following an analysis of the effects of
relaxin-secreting adenovirus on the survival of a flap, the
surviving area of the flap and the blood flow also increased.
A histopathology also showed an increase in the number of
blood vessels and the concentration of VEGF.

Key Words: Relaxin, Adenovirus, Gene therapy, Angiogenesis,
Flap
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7} MY=EE 2 Relaxin &eish= Ot .HIO|2{AL]
Z=H|
=71 Sprague-Dawley rats (weighing 300~400 g) 301}
5 o= sHoich o]&52 1004 Al o2 e
g, A| 17 (109}2])S Relaxin @& old|iznfo|2 A FEoit
(RLX 2)o]t, & 232 (10v}2))- Relaxing 2Hals}x] oFe

ot t=rfolgf Foft (CTL o2 sHom, A 3++ (10
u}2])2 phosphate buffered saline (PBS)?HS Fo3t 44

o (PBS #H) L2 33t o5& T 2ollA 212} vlat
S’.E7]_ zx4 = _‘:17].01]/\-] /\]__H'_o]_o:]q_

Relaxing W3s}= ofg|iblo| A= AAL AT
2ol 7] &) AlAbetlE W o= A Akslo] Aol AR
st% ) (Fig. 1) APEES] 5ol 3x9mo| #a|ZL 7
AFR s fo] v tAlskaL, v s 4843
Aol A 15+ (RLX 1)1} A 234 (CTR Aol 2kzF 1% 107
PFU2] Relaxing 2&a}i= o] imnfo] A (dl-LacZ-RLX)

N7 ; AE3
-i CMV| LacZ pAH X // I S E4 .§ di-acz
I
cmv| LacZ IpAH |X// Ad genome CMVII!pA E4 ‘;I dl-lacZ-RLX

Fig. 1. Schematic representations of the adenoviral vectors.
The dl-lacZ has the whole E1 region deleted and expresses
the reporter gene lacZ (3-galactosidase protein) under the
control of the constitutive cytomegalovirus (CMV) promoter
inserted into the El region. The replication-incompetent
relaxin-expressing adenovirus, dl-lacZ-RLX, carries a relaxin
gene driven by the CMV promoter that was inserted into
the E3 region. A E3 denotes the deletion of E3 gene. ITR=
inverted terminal repeat; W=packaging signal; pA=polyA
sequence; IX=protein IX; and RLX=relaxin.
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Fig. 2. The design of flap and location of virus injection.
The flap was designed on the back of rat sized 3 x 9 cm.
Virus injection was performed on 12 sites in the flap.

g

o} Relaxing T@A3HA| = otd|lentol2i A (dl-LacZ)E
PBS 1.2 mLo|| 3]41510] 0.1 mLA meAAF 29 Uj 1230
A3t 7H4S Fi1 BY5=<] (intradermal injection) 3}
T PBS JFolls $%2] PBSE 22 WHo R Fofsidint

(Fig. 2).
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Fig. 3. Comparison of survival area. The survival area of flap in RLX group is larger than other groups in the course of

time.

o| =5 2508} Fe+#n]7 (Olympus, Japan) &= H2-s}o]
T o R dt WA Zgo] Haro] QoA HET F
(smooth muscle layer)o] §li= 212 HAIETO R Frsio]
I ASE IFEE sk 271 Seto| =4 8,
242k 046 mm'e] WA ol Hajo] mAj@u) A4
£ 24stgl’ VEGF Wojzzsistey &ejolm
MetaMorph® (Universal Image Corp.) ©]u|#] £4] =&
I Fall VEGF Uasge vhyegFa o s HAsqlr.
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3UA Gt HAIE ofmA|ofA A 13- (RLX
o, AT O] AE HAE A wjg HAE 67%, Al 27
(CIL A& 51%, A 33 (PBS )& 45% 2 relaxing 25}
= oftllicHield A5 AAFE AFT vlw AE HHo] 4
Aoz FoslA Y Ao R el (p value: RLX vs.
CTR p=0.024, RLX vs. PBS p=0.020, CTR vs. PBS p=0423).
G 7] Sl AE WAS A 120] 60% 4] 22]
47%, A 3320] % A ARFoIN FAHOE G5t
Al wie] HE Aol F7sk3 (p value : RLX vs. CIR
p=0.026, RLX vs. PBS p=0.027, CTR vs. PBS p=0201). 42
10297 0ll= Tle] A& WA o] A 1o A= 52%, Al
20| 46%, Al 3ol A= 39% = Al 1 AFelA =4
UER7 )= st SAA SR o7t Aol & HolAle
ket (p value: RLX vs. CTIR p=0.113, RLX vs. PBS p=
0056, CTR vs. PBS p=0.287) (Fig. 3, 4).

Lt mE ER =X

Laser Dopplerg o]83t 85 574 2y}, mjgho] {195
NNE = A%, & F 791040 Al 15 (RLX )
oA A 25 (CTIR )2k A 3¢ (PBS ) ET; FA X &2

0.8 i

oPBS

0.7 + Bcontrol
Brelaxin

POD3 POD7

POD10

Fig. 4. The survival rate of flap. The survival rate of flap
in RLX group is significantly larger than other groups on
postoperative day 3 and 7 (*: Significant difference, p < 0.05).

FofstA 7t S7HE A0 Btk (p value: =% 2
p=0042, 424 T 79 p=0.028, =% & 10 p=0.0073). =2+
o] Aol & 79 AL 10U Aol Al 13- (RLX
DolA A 22 9l 37 Hrp FAFCR [ofstA dRTt
S7He Aoz YeT (p value: & 79 p=0032, &
= 10 p=0.0065), (Fig. 5).
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b =% L 22t i i

% 5 1020A)) AT Aol 4 7 T Pkl
Mg Alof mlargt Aat, A 13 RLX 7)o A 0.46 mm’
o] w4 Bt 7607 (£168), A 2 (CIR Bolals Bt
6.337} (£1.32), A 33 (PBS )ollAl= B+t 6,117 (£1.94)
2 relaxing Walsl= oft|icHfo]H AS X A3k AlF o)
A 2] g7t = e @3 A2 vlate A A
1t A 2, 3t 72 #foli= FAA = fofdt An= et
Ytk (p value: RLX vs. CTR p=0.0026, RLX vs. PBS p=
0.0056, CIR vs. PBS p=0.6504) (Fig. 6, 7).

E



522

rj

70 %

60

40

* —~+Relain
~E-Contral
—pps

30

20

Preop. Imm. POD 3 PoD7 POD 10

Vol. 37, No. 5, 2010

" *k

40
35 *

30

25 —+Relaain
~&=Control
20 —pEs

15

10

Preop. Imm. poD3 poD7 POD 10

Fig. 5. The result of blood flow measuring. In proximal part of the flap, the blood flow of RLX group was significantly
increased at immediate postoperation and on postoperative day 7 and 10. In distal part of the flap, blood flow of RLX group
was significantly increased than other groups on postoperative day 7 and 10 (*: Significant difference, p <0.05; **: p < 0.01).

2. VEGF HAZX|SioIEM Znt

G 1004 AT 24S VEGE Helzs)
3lo] MetaMorph® o[u]z] £4] g0 & %7
A}, Al 13tol A VEGFS] ddgfo] SA A o2 FofsHA|
Z7F=o] ALt (p value: RLX vs. CIR p < 0.001, RLX vs.
PBS p=0.001, CTR vs. PBS p=0.126) (Fig. 8, 9).
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Fig. 6. The microscopic image for counting blood vessels
in flap (H&E stain, x 100). In RLX group, more blood
vessels in the tissue were noted than other groups (arrow:
blood vessel).
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Fig. 7. The comparison of vessel count. The mean blood
vessel count of RLX group was 7.60 (+1.68) by area, 6.33 (+
1.32) of CTR group, 6.11 (+1.94) of PBS group. RLX group
showed more blood vessels than other groups (*: Significant
difference, p <0.05).
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Fig. 8. Microscopic image of VEGF immunohistochemistry
(% 200). The expression of VEGF was increased in RLX
group (arrow: brown area, the site of VEGF expression).
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Fig. 9. The quantitative analysis of VEGF expression. The
expression of VEGF in RLX group was significantly increased
(*: Significant difference, p < 0.05).
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