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Abstract: Soluble form of vascular endothelial growth factor (VEGF) receptor (sFlt-1) has been considered a key
target in anti angiogenesis strategies. In this study, sFlt-1 was amplified and cloned. For recombinant production
of sFlt-1 protein, Chinese hamster ovary cell line (CHO) was used. The liposome–mediated transfection with sFlt-1
gene, were detected in sFlt-1 positive cells as early as 24 hours post-transfection. The production of sFlt-1 protein
was confirmed using SDS-PAGE and immune blotting results. In present investigation, the recombinant protein of
sFlt-1 had expressed with correct folding. The system is economically applicable for large production of sFlt protein
and can be used as further therapeutic approaches in targeting the growth of solid tumor tissue.
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Introduction
Angiogenesis is a vital process for growth and
development of new blood vessel from preexisting vessels, which normally occurs in
embryo development, during wound healing
and in response to ovulation [1]. During recent
years, angiogenesis gained more scientific
attention, because researchers showed that
the growth and metastasis of most solid tumor
types (beyond 1-2 mm) are dependent on the
net balance of angiogenesis promoters and
inhibitors [2-4]. The key molecule for tumor
angiogenesis is vascular endothelial growth
factor (VEGF), which have been up-regulated in
such a way to reduce the prognosis of diseases
progression [2, 5]. VEGF usually exerts its biological effects on endothelial cells by binding to
its cell surface receptors. Receptors identified
to bind VEGF include Flt-1 (also known as VEGF
receptor-1, i.e VEGFR-1) and Flk-1 (also known
as kinase domain receptor (KDR) or VEGER-2).
Both Flt-1 and Flk-1 belong to the class III receptor–type tyrosine kinase (RTK) receptor family
[4, 6]. The Flt-1 which identified in 1993 has a
powerful anti angiogenesis function. The binding affinity of VEGF to sFlt-1 is 7-10 times higher

than Flk-1 receptor [4, 7, 8]. The sFlt-1 is a protein or peptide that is produced by a variety of
tissues [4, 9]. These proteins can bind and
reduce free circulating levels of the proangiogenic factors like VEGF and PlGF (placental
growth factor) [9]. Several studies showed that
the adenovirus or plasmid–mediated gene
could transfer systemic gene delivery to tumor
mass [10-12]. Although in most of experimental
set up, the concern of serious toxicity, lack of
glycosylation, and in correct folding of protein
was not fully resolved. In this study, we aim to
produce sFlt-1 protein using Chinese hamster
ovary cell line (CHO). The sFlt-1 gene was amplified and cloned in a way to contain signal–peptides sequence in the starting of sFlt gene. The
successful transfection of CHO cell line has
been accomplished with–containing liposome.
To our knowledge this is the first report of
expression and production of sFlt protein in
CHO cell line.
Material and methods
Cell culture
Human umbilical vein endothelial like cell line
(HUVEC; obtained from Pasture Institute, Teh-
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final extension steps were
held for 5 min. The sequence was retrieved from
GenBank (Accession No;
001159920). The amplified products were visualized using 1% agarose gel.
The PCR Product purified
from 1% agarose by GF1-gel
DNA Recovery Kit (Vivantis,
Cat No: GF-GP-050) and reamplify by primers (sFlt-F
5’-AAG CTT ATG GTC AGC
TAC TGG GAC ACC G-3’; sFltR1 5’-GGA TCC TAT GCA
CTG AGG TGT TAA CAG ATT
TG-3’; sFlt-R2 5’-GGA TCC
TTA TAT GCA CTG AGG TGT
TAA CAG ATT TG-3’) containing HindIII and BamHI
restriction enzymes sites.
The PCR condition was: 35
cycles of 1 min at 94°C, 1
min at 63°C and 1 min at
72°C. The first denaturation (2 min) and final
extension steps were held
Figure 1. After the sub cloning of extracted band of 1000 bp into pEGFP-N1
for 10 min. The PCR–prodshuttle vector, digestion of PCR products with BamHI and HindIII restriction enucts (1 kb) were gel purified
zymes, results into two bonds of 4700 bp & 1000 bp on 0.8% agarose gel,
from 1% agarose by GF1-gel
respectively.
DNA Recovery Kit (Vivantis,
Cat No: GF-GP-050). The
ran, Iran) were cultured in Dulbecco’s modified
product was first ligated (in PTZ57R vector) and
transformed using recombinant E. Coli XL1
Eagle’s medium [DMEM/F-12 (1:1)] suppleBlue competent cells.
mented with 10% fetal Bovine serum plus
Penicillin (100 unit/ml) and streptomycin (100
Cloning of sFlt-1
µg/ml) and incubated at 5% CO2 at 37°C with
90% humidity. The sub-cultures of these cells
Strains of recombinant E. Coli XL1 Blue line
were used for RNA-Extraction.
containing PTZ57R were inoculated into LB
The sFlt-1 gene amplification and cloning
The total RNA was isolated using RNeasy Mini
kit according to manufactures instruction (Cat
no; 74104: QIAGEN, Hilden, Germany). The isolated RNA (1/µl) was subjected to one–step
RT-PCR kit (QIAGEN). The forward primer (5’ATG GTC AGC TAC TGG GAC ACC G-3’) and the
reverse primer (5’-TAT GCA CTG AGG TGT TAA
CAG ATT TG-3’) were designed to amplify the
coding sequence from 286 to 1268 bp of sFlt-1
regions with 327aa. The PCR condition was: 35
cycles of 1 min at 94°C, 1 min at 57°C and 1
min at 72°C. The first denaturation 2 min and
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Agar culture plates (LB medium, 100 µg/mL
Ampicillin, 0.1 mM IPTG, 40 µg/mL X-gal). With
appearance of blue and white colonies on culture plate, the white colonies were selected
and sub–culture into LB liquid medium (5 ml)
with overnight shaking (200 rpm) at 37°C.
PTZ57R plasmid was extracted from recombinant E. Coli XL1 Blue using plasmid mini-preparation kit. Then, the plasmid (7 µl) were digested with dual restriction endonucleases enzymes (1 µl BamHI + 1 µl HindIII + 3 µl buffer, 8 µl
water) at 37°C for 1 hours. The digested product was seen on 0.8% agarose gel. The desired
bands of 1 kb were extracted and recovered
using gel extraction kit.
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segment to commercial company (Cinagene; Tehran,
Iran).
Transfecting the pEGFPN1 containing sFLt-1 gene
fragment into CHO cell
lines
Chinese hamster ovary cell
line (CHO; obtained from
Pasture Institute, Tehran,
Iran), were cultured in Dulbecco’s modified Eagle’s
medium [DMEM/F-12 (1:1)]
supplemented with 10% fetal Bovine serum plus Penicillin (100 unit/ml) and streptomycin (100 µg/ml). They were incubated at 37°C
with 90% humidity under
5% CO2, then cells were
passaged with 0.25% trypsin-EDTA and counted. They
were further diluted and
inoculated into 24-well culFigure 2. The transfected cells with pEGFP-N1/sFlt-1 plasmid emit a green–
light florescence observed under inverted microscope.
ture plates containing OptiMEM (1X) (Gibco; lot No
1161191) at a concentraSub cloning of sFlt-1 gene into pEGFP-N1
tion of 4 x 104 per plate [24]. One micro litter of
recombinant pEGFP-N1 plasmid and 2 µl of
The pEGFP-N1 shuttle vector were digested
lipofectamine 2000 (Invitrogen; Lot No 11668with restriction endonucleases enzymes BamHI
027) was diluted separately in 50 µl of Optiand HindIII at 37°C for 1 hours. The digested
MEM media and kept at room temperature for
products were analyzed by 0.8% agarose gel.
5 minutes. Then equal volume of diluted plasThe desired band of 4.7 Kb were extracted and
mid (50 µl) and lipofectamine 2000 (50 μl)
recovered using plasmid gel extraction kit.
were mixed together and remained at room
Thereafter, the PCR product (9 µl), pEGFP-N1 (3
temperature for 30 minutes. Hundred micro litµl), T4 DNA ligase (1 µl), 5Xbuffer (6 µl) and
ter of this solution inoculated in each wells of
Water (11 µl) were added into microfuge tube.
24 well culture plate containing CHO cell lines.
The reaction mixture was overnight incubated
After 48 hours, the culture plate were investiat 37°C. The ligation products were mixed with
gated under inverted Florescent–microscopy.
XL1 Blue competent cells and inoculated into
The transfected cells with pEGFP-N1 plasmid
LB agar culture medium containing Kanamycin
emit a green–light florescence.
(50 µg/ml). Thereafter, the selected colonies
were sub cultures into LB liquid media containProtein analysis by SDS-PAGE and immunobing Kanamycin (50 µg/ml). The correct recomloting
binant plasmid pEGFP-N1 identified by using
plasmid mini-preparation kit. The isolated
Cell lysate and purified protein were visualized
recombinant plasmid was confirmed using PCR
using SDS-PAGE electrophoresis. The primary
and restriction analysis [13].
antibody (anti-VEGF receptor 1 antibody, Promega; ab32152) with 1:1000 and secondary
Sequencing of inserted gene segment
antibody (anti-Rabbit Ig(G)AP conjugate, Promega; 5373B) with 1:7.500 dilutions were used
Sequencing of inserted gene segment in recomfor staining [10]. It is important to note that in
binant plasmid was performed by sending the
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the sub-cloning of sFLT-1 gene in the pEGFP-N1
shuttle vector, the expression of hybrid protein
was occurred. In another words, the expression
of EGFP marked the SFLT-1 expression. The
observed molecular weight was 64 KD by SDSPAGE electrophoresis.
Results
Amplification and identification of sFlt-1 gene
A specific PCR–product with about 981 bp was
obtained on 1% agarose gel electrophoresis
after one step RT-PCR, from RNA of HUVEC cell
lines. The obtained PCR product was 1 kb.
Further cloning and digestion of pTZ57R/ sFlt-1
plasmid using BamHI and HindIII restriction
enzymes, showed two bonds of approximately
3000 bp and 1000 bp. The first segment was
equal to pTZ57R plasmid and the later one was
equal to the size of sFlt-1. Sub cloning of
extracted band of 1000 bp into pEGFP-N1
shuttle vector and digestion of PCR products
results into two bonds of 4700 bp & 1000 bp
on 0.8% agarose gel, respectively (Figure 1)
Sequencing of extracted bond (1000 bp)
showed complete consistent of inserted segment with the size and sequence of nucleotide
acid of sFlt-1 protein (Gene bank; NP_001153392.1).
Detection of sFlt-1 gene in CHO cell lines
As shown in Figure 2, the transfected cells with
pEGFP-N1/sFlt-1 plasmid emit a green–light florescence. The segment could successfully replicate in CHO cell lines. Additionally, due to
presences of signal peptide codon in beginning
of sFlt-1 segment, the increased production of
sFlt-1 protein were observed using SDS-PAGE
(64 KD).
Expression of sFlt-1 protein by western blotting
The western blot analysis using a Rabbit monoclonal antibody assayed the expression of sFlt1. It proved that sFlt-1 could be expressed at
high level of protein in CHO cell lines.
Discussion
Vascular endothelial growth factors and their
receptors are the key regulators for angiogenesis [9]. In humans, the VEGF family consists of
five members VEGF-A, -B, -C, -D and placenta

776

growth factor (PIGF) [14]. VEGF exerts it’s the
biological activities by three tyrosine kinases
receptor i.e., VEGFR1 VEGFR2, VEGFR3 [4, 14].
Among these, VEGFR1 is proposed to be negatively regulates angiogenesis [14, 15]. Recently,
compelling evidences showed a soluble form of
VEGF receptor (sFlt-1) reduces the effect of
VEGF by trapping VEGF with high affinity [14,
15]. Goldman et al [16] was among the first who
showed restricted growth of transfected tumor
cells in sFlt-1–expressing plasmid. In similar
observation, remote injection of an adenovirus
vector carrying sFlt-1 gene could suppress the
growth of human tumor xenografts [17, 18].
Even in in-vivo experiments, the development
of peritoneal metastases was suppressed by
sFlt-1 injection [19]. Although, in most of previous study the expression and production of
sFlt-1 was performed using bacterial or vector
system [10, 12, 20]. Here, we establish a stable
cell line (Cho) that could express secretable
sFlt-1, as demonstrated by RT-PCR and cell
growth assay. Many laboratories used Escherichia coli (E. coli) for sFlt-1 expression and production [10, 12]. As a consequence, the effectiveness of VEGFR1 & 2 in anti-angiogenesis
was less than 40% [10]. Generally, it is known
that E. Coli, can express up to 50 percent of the
total cellular protein, but the rapidity of protein
expression may often results in unfolded/misfolded proteins production, especially for heterologous proteins that require longer times and/
or molecular chaperones to fold correctly [21].
To improve protein expression, few researchers
proposed viral vectors e.g., Hasumi et al
cotransduced HMG-1 human ovarian cancer
cells with AAV vectors carrying sFlt-1 cDNA [22].
They showed an enhanced expression of sFlt-1
resulted in diminished endothelial cell–proliferating activity and suppression of angiogenesis
[22]. Furthermore, Sako et al showed effective
transduction of peritoneal mesothelial cells
(PMCs) with the adenovirus vector both in-vitro
and in-vivo experiments [19]. Although viral
vectors have other limitations such as restriction in size of incorporated payload, generation
of potent immunity and/or poor batch to batch
reproducibility [23]. Fortunately, by using stable
cell line, we could successfully decrease these
challenges. The use of CHO cell line for recombinant protein expression in the biotechnology
industry has been already documented [24]. In
fact, presence of glycosylation region and disulphide bonds in CHO cell lines could somehow
Int J Clin Exp Med 2013;6(9):773-778
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guarantee the correct folding in protein [21].
Additionally, in present investigations, the primer was designed in such way that first three
domain of sFlt gene (I, II, III) from N-terminal
sides included in the sequence [9]. These
domains were small molecules of 981 bp, and
327 amino acids, respectively. Previous domain
deletion studies have shown that the second Ig
domain of Flt is both necessary and sufficient
for high–affinity VEGF binding [26, 27].
Generally, sFlt-1 gene identified as an endogenous mRNA species that codes for six IG-like
extracellular domains of Flt-1 which lacks the
seventh extracellular domain and the intracellular region [ ]. Ferrara and his team [28] have
identified that the second Ig-like extracellular
domain of Flt-1 as a key region for VEGF binding. Kuo and his coworkers showed that the
when first three extracellular domains of murine
sFlt-1 transferred as an “Fc fused gene”, they
have potent antiangiogenic and antitumor
activities [4, 29]. The human sFlt-1 molecule
constructed in the present study contained the
extracellular domains I-III from N-terminal of
the Flt receptor [9, 10]. This model proposed to
increased the anti-angiogenic efficacy when
administered as a recombinant protein [9, 10,
13]. We try to improve the recombinant protein
production by including the signal peptides
sequences (Swiss-port Accession no |P17948|1-26 “MVSYWDTGVLLCALLSCLLLTGSSSG”)
in the starting point of sFlt-1 gene. Very recently, the improved efficiency of recombinant biotherapeutic antibody by signal peptides was
suggested by kober et al [30]. He used different
signal peptides and demonstrated the natural
signal peptides like human albumin and human
azurocidin as the most appropriate one to generate a cell line with high production rate.
Similarly, by using SDS-PAGE, we observed
higher concentration of sFlt-1 protein in cellculture supernatant than cells itself. Therefore,
our result was in accordance to previous report
[24]. Furthermore, we achieved transfection of
CHO cell line using liposome. Generally, polyethylenimine (PEI), calcium phosphate (Capi),
and liposome are the main transfection vehicles [24, 31, 32]. Both calcium phosphate and
liposome-mediated transfection are known to
be cell cycle–dependent [33]. In our study, following liposome–mediated transfection with
sFlt-1 gene, sFlt-1 positive cells were detected
as early as 20 hours post-transfection (Figure
2). Our observation showed the optimal transfection condition were found to be a cell densi777

ty of 4 x 106 cells/500 µl medium with a DNA:
liposome ration of 1 µl/2 µl and a final DNA
concentration in the culture medium of 0.5 µg/
ml. In conclusions, CHO cell lines can be used
for expression and production of sFlt-1 gene.
Presence of glycosylation region and disulphide
bonds in these cells, result in correct protein
folding. Additionally, as sFlt-1 is one of the proteins that the human body does not need its
regular production, we propose to produce
large scale of sFlt-1 protein under proper invitro experimental set up and use them in
appropriate time.
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