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Abstract Objective To construct a new recombinant adenovirus containing KDR promoter -HSV -tk suicide

gene, using a new pAdeasy system, and evaluate its specific killing effect on the vascular endothelial cells. Methods
By using pAdeasy system, recombinant adenoviral plasmid containing KDR or CMV promoter-controlled HSV-tk
gene渊AdKDR-tk and AdCMV-tk冤 was constructed. After packaging and amplification in 293 cells, the virus was
used to infect KDR-expressed human umbilical venous endothelial cells 渊HUVEC冤 and KDR-unexpressed human
hepatoblastoma cell line 渊HepG2冤. After administration of ganciclovir 渊GCV冤, the survival rate of gene-transfected

HUVEC and HepG2 was evaluated by using MTT method.Results The pAdeasy System produced a high titer of
the recombinant adenovirus渊1伊1010pfu/ml冤. Under infection index of 100, with increasing GCV concentration from
0 up to 50ug/ml, the survival rate of AdKDR-tk-transfected HUVEC and HepG2 decreased from 100% to渊28.94依
5.67冤% and渊75.45依2.91冤% at proper order, respectively渊 <0.01冤, while the survival rate of AdCMV-tk-transfected
HUVEC and HepG2 declined from 100% to渊17.56依2.48冤% and渊23.15依5.72冤%, respectively渊 >0.05冤.Conclusion
Adenovirus-mediated transfection of KDR promoter-HSV-tk gene could yield specific killing effect on vascular en鄄
dothelial cells with treatment of GCV in vitro.
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. Herpes simplex virus-thymidine kinase 渊HSV-tk冤

t is well known that angiogenesis is required for tu鄄

[3,4]

mor growth, progression and metastasis, and tumor

suicide gene, as it was used before, can effectively dam鄄
. But the

vascularisation correlated directly with the prognosis of

age the neoplasm vascular endothelial cells

cancer patients . One of the most effective methods to

killing effect of currently used HSV-tk system is non-

prevent tumor metastasis is to block tumor angiogenesis

specific due to employment of cytomegalovirus渊CMV冤

[1,2]

[5]

as its promoter. KDR 渊kinase domain insert containing
receptor冤is one kind of two receptors of vascular en鄄
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dothelial growth factor 渊VEGF冤, which is expressed at
high level in the neoplasm vascular endothelial cells, but
low level in the normal[6].
In the present study, we construct a new recombi鄄
nant adenovirus which containing KDR promoter -
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homologically recombined with pAdeasy in BJ5183 AD-1 bacteria after linealized, named AdKDR-tk and
Main materials
The restriction enzymes,T4 DNA ligase were pur鄄
chased from TaKaRa Co. Japan and NEC Co,USA.
Culture medium DMEM,OptiMEM,Lipofectamine2000
and fetal bovine serum were purchased from Gibco,
USA. GCV was purchased from Roche, USA.
Vectors, strains and cell lines
Adenoviral shuttle vector pAdTrack -CMV and
pAdtrack were gifts from Dr. Bert Vogelstein 渊Johns
Hopkins University, USA冤. E.coli strain BJ5183-AD1, containing adenoviral backbone vector pAdeasy -1,

AdCMV-tk. The recombinant clones were obtained af鄄
ter the kanamycin selection.
Package and amplification of recombinant aden鄄
ovirus vectors AdKDR-tk and AdCMV-tk

After that, 293 cell line was transfected by the re鄄
combinant adenoviral plasmid after they were amplified
in germ DH5琢 before being extracted and purified.
The infective adenoviruses were packaged and amplified
in 293 cells, and then purified by CsCl density gradient
purification.

was presented from Dr. Yin Wei渊Sun Yat-sen univer鄄

Determination of adenovirus titer[7]
Virus liquid in different concentration by diluting

obtained from Dr. Yin Zhengfeng 渊the second medical

was dropped into each hole. The titer of virus was

sity, China冤.The plasmid pBluescript 域 KDR -tk was
university of PLA, China冤. The human embryonic kid鄄
ney cell line 293 cells, the human umbilical venous en鄄
dothelial cells 渊HUVEC冤 which expressing KDR, and

the heaptoblastoma cell line HepG2 which not express鄄
ing KDR were kept in our lab.
Identification of pBluescript域KDR-tk
The recombinant of plasmid was transformed into
DH5琢Positive clone was identified by enzyme di鄄
gestion, and its sequence was measured in Invitrogen,
USA.
Construction of shuttle vectors pAdKDR -tk and
pAdCMV-tk
The KDR promoter and TK cDNA fragment di鄄
gested by Xho玉and Sal玉from pBluescript域KDR-tk
was inserted into the multiple cloning sites of pAdtrack

quantified by a plaque formation assay using 293 cells
and expressed as plaque formation units (pfu). Green
fluorescent protein (GFP), as an indictor marker, was
observed under immunofluoresence microscopy. The
titer of virus渊pfu/ml冤=(GFP positive cells 伊 virus di鄄
lution multiple)/0.4ml.
Cell culture
Monolayer cultures of HUVEC and HepG2 cells
were grown in DMEM medium supplemented with
10% fetal bovine serum at 37毅C in 5% CO2.
GCV test in vitro
HUVEC or HepG2 Cells were cultured in 96-well
plates渊2伊103/well冤, infected at a MOI 渊Multiplicity Of
Infection冤of 0, 1, 10, 100, 1000 with AdCMV-TK or
AdKDR-TK separately in the next day. After 16 hours

to generate the shuttle plasmid pAdKDR-TK. Similar鄄

of infection, different concentrations of GCV 渊0, 1, 10
and 50滋g/ml冤 were respectively added into the medi鄄

Hind芋 from pBluescript 域KDR-tk was inserted into

um to incubate for 5 days, but none of GCV was added

ate the shuttle plasmid pAdCMV-TK.

was added to each well to a final concentration of 200

Homologous recombination and purification of

densities (OD) were measured at the wavelength of 490

ly, the TK cDNA fragment digested by Xho 玉 and

the multiple cloning sites of pAdtrack-CMV to gener鄄

shuttle vectors pAdKDR-tk and pAdCMV-tk

Then,the shuttle vectors pAdKDR -tk and pAd鄄

CMV-tk were digested with Pme 玉 hand they were

into the medium to incubate in control group. MTT
滋g/ml. DMSO 150滋l was added 4 hours later. Optical
nm. Each group set three repeated wells and each ex鄄
periment was performed for three times.
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two fragments (4.5kb and 37kb) coincided with antici鄄
pated its size( Fig. 2).
Production of recombinant adenovirus and deter鄄
2.96kb
2.2kb
1.85kb

2.3kb
2.0kb

mination of its titer

GFP expression was visible at 24th h after transfec鄄
tion in 20%耀30% of the cells, representing the fraction
of the population that was transfected. In cells trans鄄

1

2

fected with linearized pAdEasy-GFP, however, this ex鄄

3

Fig. 1 Enzyme digestive map of pBluescript域KS-KDR-tk
Lane1:DNA markers (姿DNA/Hind芋)
Lane3:pBluescript域KS-KDR-tk/ (Xho玉/Sal域)
37kb
4.5kb

4.3kb

with GFP fluorescence but invisible by phase contrast
microscopy. Either of titer of the virus liquid was 1 伊
1010pfu/ml.( Fig. 3)

Lane2:pBluescript域KS-KDR-tk/(Xho玉/Hind睾)

23.1kb

pression never faded and comet -like foci, visualized

Killing effect of GCV in vitro
HepG2 and HUVEC, infected by recombinant ade鄄
novirus pAdKDR-tk at various MOI, had different sen鄄
sitivity to the GCV, while MOI =100 was the most
sensitive. At this time, density of GCV increased from 0

1

2

3

4

5

Fig.2 Enzyme digestive map of pAdKDR-tk and pAdCMV-tk
Lane1:DNAmarkers(姿DNA/Hind芋)
Lane2,3:pAdCMV-tk/Pac玉
Lane4,5:pAdKDR-tk/Pac玉

to 50滋g/ml, and the survival rates of infected HUVEC
and the HepG2 were descended to (28.9依45.67)%and
(75.45依2.91)% from 100%, respectively. The difference
was obvious significance in statistics.( <0.01, Fig. 4)
HepG2 and HUVEC, infected by the different MOI

Statistical analysis

of pAdCMV-tk, had similar sensitivity to the GCV. As

SPSS V.10.0 software was performed for statistical
analysis. Quantitative data were expressed as mean 依

vival rate all presented to a obviously descending trend.

standard deviation (SD). Results were evaluated by
One -way analysis of variance (ANOVA). The statis鄄
tilevel of significance was set at <0.05.

the MOI and the GCV density increased, the cell sur鄄
When MOI was 100, concentration of GCV increased
from 0 to 50滋g/ ml, the HUVEC and the HepG2 cell
survival rates changed into (17.56依2.48) % and (23.15依
5.72) % respectively. (Fig. 4, >0.05)
Under infection index of 100, with increasing GCV
concentration from 0 up to 50滋g/ml, the survival rate

Identification of pBluescript域KDR-tk

Plasmids were digested by Xho玉and Sal玉, Hind 芋

and Xho 玉 , the each showing two fragments , 2.2 kb
and 2.96 kb; 1.85 kb and 2.96 kb, respectively. Their

size and sequence correlated with the provided data. (
Fig. 1)

of AdKDR -tk -transfected HUVEC and HepG2 de鄄
creased from 100% to(28.94依5.67)% and(75.45依2.91)%
at proper order, respectively ( <0.01), while the sur鄄
vival rate of AdCMV -tk -transfected HUVEC and
HepG2 declined from 100% to

(17.56 依2.48)% and

(23.15依5.72)%, respectively ( >0.05, Fig. 4).

Identification of recombinant adenovirus vectors
AdKDR-tk and AdCMV-tk

Recombinant adenoviral vectors pAdKDR -tk and
pAdCMV-tk were digested by Pac陨, the either showing

Angiogenesis plays a key role for tumor growth,
progression and metastasis, so antiangiogenesis or de鄄
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Fig. 3 GFP expression in AdKDR-tk infected 293 cells (伊100)

Fig.4 Survival rate of cells transfected by AdKDR-tk or AdCMV-tk after GCV administration
struction of tumor neovessels is an effective strategy to
. Endothelial cells in tumors

transgene expression in the targeted tissue is very impor鄄
tant [10]. The tumor vasculature offers an ideal target for

have abnormalities in gene expression. Rapid vascular

anti-cancer gene therapy which has the advantages both

regrowth reflects the ongoing drive for angiogenesis that

of good accessibility to systemically delivered therapy

promote vascular abnormalities and thereby create thera鄄

and comparative homogeneity across solid tumor types.

prevent tumor growth

[8]

peutic targets .
[9]

Whereas most antiangiogenic agents prevent new

KDR/flk-1 is one of the two receptors (named flk-

blood vessel formation, vascular targeting agents destroy

1 and flt-1 respectively) for vascular endothelial growth
factor, a potent angiogenic peptide [11,12], and its expres鄄

pre-existing blood vessels of solid tumors. Similarly, the

sion is restricted to endothelial cells

systemic delivery of viral vectors can lead to non specif鄄

wider pattern of expression among endothelial cell pop鄄

ic uptake by various different tissues and results into sys鄄

ulations than does flt -1. In addition, only KDR has

temic toxicity because of transgene expression. Hence,

been shown to autophosphorylate in the presence of

. It has a
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VEGF

. Thus, the presence of KDR is absolutely re鄄

HepG2 which not expressing KDR with recombinant

quired for the development of endothelial cells from

adenovirus AdKDR - tk or AdCMV -tk, followed by

[13]

hemangioblastic precursors. In 1995, Patterson C

[14]

first鄄

treatment

of

GCV.

The

results

showed

that

ly cloned and characterized the promoter of the human

adenovirus -mediated transfection of KDR promoter -

KDR gene. They found that it directed high level pro鄄

HSV -tk gene could yield a specific killing effect on

moter activity in endothelial cells but not in other type

vascular endothelial cells, and it would may be a

cells. So, the KDR promoter is considered to be en鄄

promising approach for cancer anti -angiogenesis

dothelial cell-specific and to uncover methods for tar鄄
geting gene delivery specifically to endothelial cells [15].

therapy.

Jaggar RT

designed promoter sequences from the en鄄

[16]

dothelial-specific KDR/VEGF receptor, and it indicates
that KDR has been shown to be upregulated on tumor
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