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Abstract Vascular endothelial growth factor (VEGF)
plays important roles in the regulation of angiogenesis and
inXammation in both pathological and physiological wound
repair. Several strategies have been developed for keloid
therapy; however, a universally eVective treatment has not
been explored to date. In this study, three potential short
interfering RNA (siRNA) sequences for the VEGF gene
were cloned into expression plasmids and transfected into
keloid Wbroblasts. PGC-VEGF shRNA 2 (short hairpin
RNA 2) plasmid signiWcantly inhibited VEGF expression
determined by real-time polymerase chain reaction (PCR),
enzyme-linked immunosorbent assay (ELISA), and Wbro-
blasts growth was also signiWcantly by (methyl thiazolyl
tetrazolium) MTT assay and apoptosis detection, whereas
the control transfection showed no obviously eVects. Plas-
minogen activator inhibitor-1 (PAI-1) expression in pGC-
VEGF shRNA2 group was also obviously downregulated
when compared to the pGC-VEGF shRNA negative control
and mock group. These results suggest that modulation of

VEGF production by vector-based RNAi in keloid Wbro-
blasts may be a therapeutic potential strategy for keloid.
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Abbreviations
VEGF Vascular endothelial growth factor
SiRNA Short interfering RNA
PAI-1 Plasminogen activator inhibitor-1
RNAi RNA interference
DsRNA Double-stranded RNA
ShRNA Short hairpin RNA

Introduction

Keloids, which are pathological scars deWned as benign
cutaneous tumors extending beyond wound margins, are
distinguished by substantial deposition of collagen in the
dermis, resulting in an imbalanced production and aggrega-
tion of extracellular matrix [4, 13, 28]. It usually develops
in response to trauma of the skin, from either controlled
injuries (e.g., earlobe piercing or surgery) or pathological
events (e.g., acne, chickenpox, burn, or inXammation) [25].
But the basic mechanism involved in keloid development is
still unknown.

VEGF (Vascular endothelial growth factor), one of the
most widely studied secreted factors involved in angiogen-
esis, has been implicated as crucial to normal and patholog-
ical wound healing [11]. As an angiogenic peptide
composed a variety of isoforms, VEGF is also a vascular
permeability factor that promotes neo-vascularization and
cell growth [19, 3]. The most abundant of the Wve VEGF
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isoforms, VEGF-A, is typically utilized in biological angio-
genic studies [7, 23]. Recently, Gira et al. [8] indicated that
VEGF production is abundant in the underlying dermis of
keloids. In vitro studies have indicated that VEGF is
expressed at higher levels in keloid-derived Wbroblasts than
in normal skin Wbroblasts [28, 8, 24]. Also, VEGF stimu-
lates expression of PAI-1 which is highly expression in kel-
oid tissues and cultured Wbroblasts compared with normal
bordering skin, at both mRNA and protein levels, in a dose-
and time-dependent manner in keloid Wbroblasts. This Wnd-
ings support the concept that an altered balance of activator
and inhibitor activities in the plasminogen systerm, in par-
ticular, an overexpression of PAI-1, may partly contribute
to keloid formation and tissue Wbrosis [28]. Therefore,
VEGF likely plays a signiWcant role in keloid formation by
changing the extracellular matrix, suggesting that modulat-
ing VEGF would be as a potential drug target for keloid
reduction therapy.

RNAi is a new technique for speciWc gene inhibition.
RNAi is a post-transcriptional gene-silencing mechanism
that can be initiated by double-stranded RNA (dsRNA)
homologous in sequence to the target gene. A vector-based
approach can achieve suppression of gene expression in
mammalian cells. The expression vectors employ RNA
polymerase III promoters from either the U6 small nuclear
RNA or the H1 ribonuclease (RNase) gene to transcribe
short hairpin RNA (shRNA) [1, 13, 16, 17, 25]. Taken
together, inhibition of VEGF to interfere with keloid neo-
vascularization may be one of more important strategy in
anti-keloid formation. Therefore, to strive for a new strat-
egy which could inhibit, or at least in part, expression of
VEGF in keloid Wbroblasts, in this study, we show here for
the Wrst time to apply RNAi technology in keloid Wbro-
blasts in vitro.

Materials and methods

Keloid Wbroblasts cultures

Seven patients (two men and Wve women with age range of
13–42 years as a mean age of 26.5 years) had received no
previous treatment for keloid before surgical excision. Prior

written informed consent was obtained from the patients
and the study received the approval of the ethics board at
XiJing Hospital. The study was conducted according to The
Helsinki Declaration of 1975 (revised 1983). The epidermis
and any remaining fat was excised from the excised tissue,
which was then cut into small (1 mm3) pieces, and placed
as explants in 25 cm2 tissue culture Xasks (Corning Coster
Corpration, Cambridge). Growth medium consisted of:
Dulbecco’s ModiWed Eagle’s Medium (DMEM), L-gluta-
mine, 100 �g/ml streptomycin, 100 U/ml penicillin (all
Gibco, NY, USA), and fetal calf serum (Hyclone, USA).
Fibroblasts were grown in the moist atmosphere of a CO2

incubator (5% CO2, 95% air) at 37°C. Growth medium was
changed every 3–4 days. When keloid Wbroblasts out-
growth had become well established, the skin explants were
dislodged prior to subculture of the monolayer. The Wbro-
blasts were grown to conXuence and then to a maximum
passage of three prior to further experiments.

Generation of vascular endothelial growth factor 
short hairpin RNA expression plasmids

The following criteria were used to identify target for
siRNA from the VEGF cDNA coding sequence: (a) start
with an AA dinucleotide, (b) 21 nucleotides in length, (c)
G/C content of <50%, and (d) no sequence homology to
other coding sequences on BLAST search. Using these cri-
teria, three pairs of cDNA oligonucleotides targeting
human VEGF mRNA at diVerent locations were choosen
(Table 1) [5]. One negative control siRNA containing a
scrambled sequence with the same nucleotide composition
was also selected. Sense and antisense primer containing
the sense siRNA sequence, 9 bp loop sequence, antisense
siRNA sequence, and RNA polymerase III terminator
sequence were created with BamHI and HindIII restriction
sites on the 5� and 3� ends, respectively. These primers
were annealed and inserted into pGCsi-U6 (Genechem,
Inc., Shanghai, China) downstream of the U6 RNA poly-
merase III promoter following the manufacturer’s instruc-
tions. The resulting plasmids containing siRNA sequences
VR1, VR2, and VR3 and negative control sequence were
named pGC-VEGF shRNA1, pGC-VEGF shRNA2, pGC-
VEGF shRNA3, and pGC-VEGF shRNANC, respectively.

Table 1 Selected sequences of human VEGF siRNAs

a Location in relation to start condon
b VEGF isoforms targeted by siRNA

Name Target sequence G/C content Locationa VEGF isoformb

Human VEGF siRNA (VR1) AATCATCACGAAGTGGTGAAG 42.9 106 121,165,189

Human VEGF siRNA (VR2) AAGTGGTGAAGTTCATGGATG 42.9 116 121,165,189

Human VEGF siRNA (VR3) AACATCACCATGCAGATTATG 38.1 301 121,165,189
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Experimental protocol and transfection with the shRNA 
expression vector

Negative control keloid Wbroblasts were treated with pGC-
VEGF shRNANC using liposome GenePORTER 2 (Gene
Therapy System, Inc., San Diego, CA) (50 nM), where spe-
ciWc control keloid Wbroblasts were treated with pGC-
VEGF shRNAs (50 nM). In parallel wells, keloid Wbro-
blasts were transfected with transfection reagent alone
(Mock). According to the manufacture’s instructions, kel-
oid Wbroblasts were plated in six-well plates at
1 £ 106 cells/well, grown for 24 h, then transfected with
shRNA expression vectors. Diluted 10 �l of the Gene-
PORTER2 reagent with serum-free medium; 10 �l of
50 nM expression vector with DNA diluent, then added the
diluted DNA to the diluted GenePORTER2 reagent, and
incubated for 5–10 min to form lipid/DNA complexes(lipo-
plexes), Post 24 h transfection, cells were replaced fresh
growth media. Forty-eight hours after transient transfec-
tion, the extracellular medium was collected with removal
of cell sediment for determination of secreted VEGF pro-
tein. For transient transfection with neomycin selection, the
day after following transfection, new growth media with
neomycin 400 �g/ml was added, and the extracelluar
medium was collected after 7 days.

ELISA assay of VEGF level in culture media

Conditioned media was collected from keloid Wbroblasts
and centrifuged at 3,000 rpm and 4°C for 10 min to remove
cell debris and then stored at ¡80°C. The concentration of
VEGF in culture supernatant was measured using a com-
mercial VEGF enzyme-linked immunosorbent assay
(ELISA) kit according to the manufacturer’s instructions
(Jingmei, Shenzhen, China). ELISA plates were read using
the Sunrise Reader (Tecan Trading AG, Switzerland) and
lower-and-upper detection limits of the ELISA were 7 and
2,000 pg/ml. Data reXects the mean of samples done in trip-
licates.

Total RNA extraction and Real-Time quantitative RT-PCR

Total RNA from the keloid Wbroblasts was prepared using
Trizol® Reagent (Invitrogen) according to the manufac-
turer’s instructions. cDNA synthesis was conducted accord-
ing to the RNA PCR kit protocol (TAKARA). Reverse
transcription was performed using 5 �g of total RNA in
10 �l of the following solution: 2 �l MgCl2, 1 �l 10£ RT
buVer, 1 �l dNTP, 0.25 �l RNase inhibitor, 0.5 �l AMV
reverse transcriptase, 0.5 �l oligo dT primer and 3.75 �l
RNase free ddH2O. The reaction was incubated at 30°C for
10 min, 42°C for 50 min, 95°C for 5 min, and 4°C for
5 min. Primers for PCR were the following: VEGF forward

5�TCTTGGGTGCATTGGAGCCTC3� and VEGF reverse
5� AGCTCATCTCTCCTATGTGC3� and PAI-1 forward
5�TGCTGGTGAATGCCCTCTACT3� and PAI-1 reverse
5� CGGTCATTCCCAGGTTCTACT3�. The GAPDH for-
ward primer was 5� GCACCGTCAAGGCTGAGAAC3�

and the GAPDH reverse primer was
5�TGGTGAAGACGCCAGTGGA3�. The housekeeping
gene GAPDH was employed as a reference. Real-time PCR
was performed using the Chromo 4™ Four-Color Real-
Time System (Bio-Rad Laboratories, Inc., CA, USA) and
was carried out with SYBR Premix Ex Taq (Perfect Real
Time) kit (TAKARA) in a 25-�l volume of the following
solution: 12.5 �l SYBR Premix Ex Taq, 0.5 �l PCR for-
ward primer, 0.5 �l PCR reverse primer, 2.0 �l template,
2 �l 25 mMMgCl2, 7.5 �l ddH2O, cycle conditions for
VEGF and PAI-1 PCR were 10 min at 95°C followed by
forty cycles of at 94°C, 30 s at 60°C, and 20 s at 72°C and
GAPDH PCR 10 min at 95°C followed by twenty Wve
cycles of at 94°C, 30 s at 56°C, and 20 s at 72°C. During
each extension step, SYBR green Xuorescence was moni-
tored and provided the real-time quantitative measurements
of the Xuorescence. Quantitation was carried out using an
external standard curve. PCR results were analyzed using
Opticon Monitor Analysis 2.0 software (Bio-Rad Laborato-
ries, Inc., CA, USA).

Western blot analysis for PAI-1

The conditioned media were collected for determination of
PAI-1 protein. Equal amounts of protein sampled from con-
ditioned medium were subjected to electrophoresis on 10%
sodium dodecyl sulfate (SDS)-polyacrylamide gels and
electro blotted onto polyvinylidene diXuoride membranes
(Hybond-P, Amersham Pharmacia Biosciences). After
blocking with Tris-buVered saline (TBS)–5% skim milk,
the membranes rinsed and then incubated with primary
antibodies anti-human PAI-1 (Abcam, Inc., Cambridge,
UK) diluted 1:500 in PBS containing 0.05% Tween 20 for
overnight. Membranes were subsequently washed again as
described above, incubated with a horseradish peroxides
(HRP)-conjugated goat anti-mouse IgG (1:5,000; Pierce)
for 1 h at room temperature, and visualized with enhanced
chemiluminescence (ECL) detection. BandScan 5.0 soft-
ware was used for gray scale scan to evaluate the relative
value of protein expression.

The cell growth following transfection was evaluated
by MTT assay

Cells at a concentration of 2.0 £ 104 per well were seeded
in the 96-well plate and transfected with eVective plasmid
by using liposome GenePORTER 2. A total of 20 �M 3-
(4,5 dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide
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(MTT) solution (5 mg/mL) was added into each well and
incubated at 37°C for 4 h. The media were carefully aspi-
rated, and 200 �L of dimethyl sulfoxide (DMSO) was
added to each well and pipetted up and down to dissolve
crystals. Then, the cells continued incubating at 37°C for
5 min before being measured for absorbance (A) at 550 nm
on a Sunrise Reader (Tecan Trading AG, Switzerland).

Apoptosis detection

The in situ cell death detection kit (TUNEL, Roche Diag-
nostics GmbH, Mannheim, Germany) was used to detect
apoptosis and to quantify DNA strand breaks in keloid
Wbroblasts. The cell monolayers were grown directly in tis-
sue culture Xasks, starved for 24 h in fetal calf serum with-
out fetal calf serum and then incubated in shRNANC or
shRNA2 (50 nM) for 72 h. The Xasks were then Wxed in
buVered paraformaldehyde, permeabilised with Triton-x,
and labeled with TUNEL reaction mixture according to the
manufacture’s instruction. Samples were analysed using a
Leitz Diaplan microscope (Leica, Milan, Italy) equipped
with epiXuorescence. A negative control (obtained by incu-
bating a slide with labeled solution without terminal trans-
ferase) and a positive control (obtained by treating a slide
with Dnase I solution) were included in each assay run.

Statistical analysis

Each experiment was performed independently a minimum
of three times. Results are expressed as mean § SEM. Sta-
tistical comparisons between groups were evaluated using
ANOVA, by using a statistical software package (SPSS
10.0, Chicago, IL, USA). A value of P ( 0.05 was accepted
as signiWcant.

Results

Three shRNA-expressing plasmids (shRNA1, shRNA2,
shRNA3) were constructed using the pGCsi-U6 vector to
target human VEGF and, as a negative control, shRNANC
was also constructed. To examine the eYcacy of these plas-
mids in silencing VEGF expression, plasmids were tran-
siently transfected into keloid Wbroblasts along with the
negative control plasmid shRNANC. Total RNA was iso-
lated 48 h post transfection and the house keeping gene
GAPDH mRNA levels were measured using Real-Time
RT-PCR. ShRNA plasmids showed variable eYcacy in
decreasing VEGF mRNA, with the most eVective shRNA,
shRNA2, and decreasing VEGF mRNA by 78% (Fig. 1a).
ShRNA1, shRNA3 decreased VEGF by 28, 51%, respec-
tively, as compared to the negative control plasmid trans-

fected Wbroblasts. These results were in agreement with
previous research [5]. Because these were transient trans-
fection, a signiWcant proportion of VEGF mRNA may have
been from untransfected cells. To reduce VEGF mRNA
level by these untransfected cells, transiently transfected
keloid Wbroblasts were exposed for 7 days to selection with
neomycin, and VEGF mRNA levels were then measured.
Again, the shRNA2 was the most eVective shRNA,
decreasing VEGF mRNA level by 90% (Fig. 1b). The other
shRNAs only decreased VEGF mRNA by 31–62%.

Next, we performed an ELISA using a commercial
VEGF enzyme-linked immunosorbent assay (ELISA) kit to
quantify the amount of VEGF165 protein present in the
conditioned media. Similar to above experiment protocol,
when keloid Wbroblasts were transfected with shRNA
expression plasmids and selected with neomycin, the
VEGF165 concentration in the conditioned media was
markedly reduced (Fig. 1c, d). These results were in agree-
ment with the amount of VEGF165 mRNA present, as ana-
lyzed by real-time RT-PCR experiments. These data
indicated that VEGF expression can be strongly inhibited
both on mRNA and protein levels by vector-based RNAi.
Among these shRNA plasmids, shRNA2 was the most
eVective, which was applied in the subsequent experiments.

To test whether VEGF is involved in the regulation of
the plasminogen system in keloid Wbroblasts, we treated
keloid Wbroblasts with shRNA2 (50 nM) and assayed PAI-1
mRNA in the keloid Wbroblasts by quantitive Real-Time
RT-PCR. As shown in Fig. 2a, the PAI-1 mRNA level in
shRNA transfected keloid Wbroblasts was markedly
reduced by 48%. On the contrary, no obvious changes in
PAI-1 mRNA level were observed between the negative
control group and mock group. Next, we studied the eVect
of shRNA on PAI-1 protein expression in keloid Wbroblasts
by western blot. The results showed that treatment of keloid
Wbroblasts with shRNA2 also signiWcantly induced. This
reduction was further conWrmed by western blot (Fig. 2b,
c). Consistent with Wndings from mRNA analysis, no sig-
niWcant diVerences were observed in protein level of PAI-1
in keloid Wbroblasts treated shRNANC and transfection
reagent.

To analysis the antiproliferative and increased apoptosis
eVects of shRNA2, we transiently transfected shRNA2 into
keloid Wbroblasts. As shown in Fig. 3a, shRNA2 transfec-
ted keloid Wbroblasts began to show a decreased viability at
48 h after transfection (P < 0.05). The trend deteriorated by
72 h when the viability decreased to as low as 28.5% for
shRNA transfected keloid Wbroblasts, as compared with the
negative control (Fig. 3a). Also the apoptosis detection
showed that the keloid Wbroblasts apoptosis were increased
by shRNA2 (Fig. 3b). At 48 h, the apoptosis increased to
the absolute value of 32.3% (P < 0.05) and at 72 h, the
value further increased to 52.8% (P < 0.01). These results
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demonstrated that keloid Wbroblasts treated with shRNA2
was obviously inhibited compared with the negative control
group and mock group.

Discussion

Although a multiplicity of treatment modalities including
intralesional and topical steroids, intralesional interferon,
shave excision, silicone sheeting, pulsed dye laser, combi-
nation of intralesional steroids and excision, and, in severe
cases, radiation therapy are currently available for keloids,
there is lack of a universally eVective treatment. Previous
reports have revealed that, histologically, keloids show an
increased blood vessel density compared with normal der-
mis or normal scars [6, 18, 29]. However, the abundance of
blood vessels at the periphery of keloids may indicate that
keloid Wbroblasts induce angiogenesis at this site via pro-
duction of VEGF. There have been some studies on the
relationship between keloids and VEGF [28, 11, 8, 19].
Steinbrech et al. performed a comparative study of VEGF
production by keloid Wbroblast under hypoxic and norm-
oxic conditions using ELISA. They stated that VEGF was
increased in keloid by hypoxia relative to normoxia [24].
Wu et al. reported that VEGF was expressed at higher

levels in keloid tissues and keloid Wbroblasts compared
with associated normal skin using Western blot and North-
ern blot analyses [28]. Gira et al. performed in situ hybrid-
ization for VEGF on keloid and normal skin, which showed
strong expression of VEGF mRNA by epidermal keratino-
cytes overlying keloid compared with normal skin [8]. Le
et al. revealed that an accumulation of VEGF in capillary
lining cells and Wbroblasts located in the papillary dermis in
keloid was increased as compared with normal skin by
immunohistochemical studies of these tissue sections using
an antibody against VEGF [11].

Some studies have been demonstrated that down regula-
tion of VEGF via siRNAs or shRNAs would be a potential
strategy for several diseases by RNAi technology [12, 17,
22]. Our study shows here for the Wrst time that RNAi of
VEGF using a plasmid-based strategy can stably silence
VEGF and PAI-1 expression in keloid Wbroblasts. To test
the eYcacy of the VEGF siRNA sequence selected in this
study, we constructed several plasmid-based expression
systems in which sense and antisense strands of anti-VEGF
siRNA sequences were transcribed into hairpin structures
under the control of a U6 promoter and then processed into
functional siRNAs by double-strand-speciWc RNase called
Dicer inside the cells. Transfection eYciency, estimated by
transfecting keloid Wbroblasts with green Xuorescent

Fig. 1 EVects of VEGF shRNA on the expression of VEGF by keloid
Wbroblasts. shRNANC or shRNA1, 2, and 3 (50 nM) were introduced
into keloid Wbroblasts, respectively, at subconXuence using Gene-
PORTER. In parallel wells, Wbroblast cells were transfected with trans-
fection reagent alone (Mock). Forty-eight hours after transfection,
RNA was extracted. VEGF mRNA levels were determined by real-
time RT-PCR (a) and transfetcion with selection (b). Media was re-

placed at 24 h after transfection, and conditioned media was collected
at 48 h for measurement of VEGF (c) and transfection with selection
(d) using ELISA. Results are mean § SEM and are standardized as a
percentage of control. *P < 0.05 vs. negative control (shRNANC).
**P < 0.01 vs. negative control (shRNANC). ***P < 0.001 vs. nega-
tive control (shRNANC)
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protein plasmids (data not show), was 81%, and hence par-
alleled the reduction in expression of VEGF. Our study
showed that in transient transfection and transient transfec-
tion with selection of keloid Wbroblasts, shRNA2 down the
expression of VEGF mRNA expression dramatically by 78
and 90% in a sequence-speciWc manner, with no signiWcant
diVerence among the controls. VEGF protein secretion was
similarly inhibited by transfection of shRNAs expressing
plasmid as quantitated by ELISA. Furthermore keloid Wbro-
blasts growth treated with shRNA2 was obviously inhibited
compared with the negative control group and mock group.
These data demonstrated that the current VEGF siRNA
sequence can nearly accomplish complete inhibition of
VEGF mRNA expression.

Besides its pivotal role in angiogenesis, VEGF also con-
tributes to extracellular matrix metabolism via regulating
the expression and activity of plasminogen activators (uPA
and tPA), urokinase receptor, and PAI-1 in endothelial cells
[14, 15]. Previous studies have reported an intrinsically
high level of PAI-1 in keloid Wbroblasts and concluded that
there is a possible role of PAI-1 in the impaired collagen
degradation [26, 27, 30, 31]. In this study, both mRNA and
protein of PAI-1 in shRNA2 treated keloid Wbroblasts was
also signiWcantly reduced as determined by real-time RCR
and western bolt. This agrees with previous related studies
[11, 28]. Wu et al. and Le et al. also demonstrated that
VEGF stimulates the expression of PAI-1 at mRNA, pro-
tein, and enzyme activity levels in keloid Wbroblast. These
Wndings suggest that modulating PAI-1 may contribute to
the process of keloid formation and tissue Wbrosis via
enhancing the antiproteolytic activity of the extracellular
matrix metabolism equilibrium toward a state of an
impaired degration. Taken together, RNAi of VEGF can be
an eVective strategy for keloid.

However, before clinical application can be considered,
a number of problems need to be solved about RNAi of kel-
oid. One major problem is the selection of eVective and
highly eYcient target sites, and how to achieve a complete
inhibition using a simple method. In this study, the down-
regulation of VEGF expression was not achieved a com-
plete of gene function, which might be associated with
GenePORTER transfection eYciency in keloid Wbroblasts.
The other mechanism of this might be related to the death
of a part of keloid Wbroblasts for the toxicity of Gene-
PORTER. The third might be the speciWc siRNA sequence.
So, in this study, using previously published selection crite-
ria for siRNAs, three siRNA sequences were chosen, and
one was found to be highly eVective in knockdown of
VEGF expression. Investigators also continue to publish
additional criteria that can be used in algorithms to select
siRNA sequences and to increase the eYciency of RNAi
[18, 10]. Thus, how to improve the transfection eYciency
in keloid Wbroblasts by GenePORTER has become the
objective of our further research. Another problem is how
to eYciently and speciWcally deliver shRNA-expression
vectors to target cells. Until recently, two approaches have
been developed to introduce extra siRNA into cells, namely
transient delivery of chemically or enzymatically synthe-
sized siRNA and expression of siRNA intracellularly from
plasmid DNA [2]. Vector-based RNAi has particular
advantages, considering the likelihood of RNAse contami-
nation and the great costs associated with chemically or
enzymatically synthesized siRNA [2]. In addition, trans-
genic vector-based RNAi could allow for large scale pro-
duction and function as an alternative method of gene
silencing in vivo [1]. Most importantly, vector-based RNAi
may stably express siRNA in mammalian cells [23]. And

Fig. 2 Analysis of plasminogen activator inhibitor-1 by RNA interfer-
ence in keloid Wbroblasts. shRNANC or shRNA2 (50 nM) were intro-
duced into keloid Wbroblasts, respectively, at subconXuence using
GenePORTER. In parallel wells, Wbroblast cells were transfected with
transfection reagent alone (Mock). Forty-eight hours after transfection,
RNA was extracted to verify that the PAI-1 gene was eVectively si-
lenced. a Real time RT-PCR for PAI-1 was performed. b Conditioned
media samples were used to measure PAI-1 production. Results are
mean § SEM and are standardized as a percentage of control.
**P < 0.05 vs. negative control (shRNANC). ***P < 0.01 vs. negative
control (shRNANC)
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when delivered by lentiviral [9] or adeno-associated virus
(AAV) [24] in vivo, it was able to serve as a promising tool
for gene therapy. Our ongoing work is currently focusing
on this area. Advances in RNAi techniques may thus pro-
vide a promising strategy for gene therapeutic applications
to prevent keloids.

In conclusion, on the basis of our in vitro evidence we
can state that VEGF targeted inhibition of angiogenesis
may be an appropriate therapeutic strategy for the manage-
ment of keloid. We are presently striving to establish an
eVective method that can stably express shRNA in order to
investigate the possibility of long-term analysis of gene
function and provide foundation for further animal and
clinical experiments.
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