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Abstract 
Recombinant human vascular endothelial growth factor protein (rhVEGF) stimulates angiogenesis in animal models.  
Angiogenesis is the growth and proliferation of new blood vessels from existing vasculature. Therapeutic 
angiogenesis is a novel approach to the treatment of coronary and peripheral vascular disease not amenable to 
standard revascularization techniques. Vascular endothelial growth factors (VEGFs) are a family of angiogenic 
proteins specific for endothelial cells and essential in the process of angiogenesis. In this study, expression of VEGF 
165 was performed in E. coli. The result show a high expression level of  VEGF 165. 
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Introduction 
Angiogenesis is a complex process governed by the balance between proangiogenic factors and 
inhibitors of angiogenesis (2-5) providing more proangiogenic signals is in essence intended to 
alter that balance to favor new blood vessel growth and vascular remodeling.  A number of 
angiogenic growth factors have been identified, but the majority of preclinical and clinical data 
currently available involve the use of members of either the vascular endothelial growth factor 
(VEGF) or fibroblast growth factor (FGF) protein family.  
Vascular endothelial growth factor is a dimeric protein that is generally made up of two 
identical monomer subunits. Each monomer chain contains a site for N-linked glycosylation, 
but the glycosylation is not required for activity in vitro or in vivo. The gene encoding VEGF 
consists of eight exons and directs the expression of seven different versions of the VEGF 
monomer chain through alternative exon splicing (1) (Fig1). VEGF is an endothelial-cell 
mitogen with high affinity binding sites that are limited to endothelial-cell-specific receptors 
known as flk-1 and flt-1(6, 7). This specificity of VEGF for endothelial cells is a potential 
advantage in therapeutic angiogenesis, because endothelial cells represent the most critical 
structures on a cellular level for the formation of new vessels (8). The functions of the VEGF 
protein culminate in endothelial-cell migration, proliferation, and aggregation and, ultimately, in 
the formation of a network of arterial and venous systems. 5 However, VEGF is also called 
vascular permeability factor because it leads to capillary leakiness and tissue edema. Endothelial 
cells represent the main target cell type for VEGF action. Among the resulting VEGF isoforms, 
the 165- and 121-residue forms are the most abundantly 
expressed. Exons 6 and 7 of the gene independently encode binding sites for heparin/heparan 
sulfate; exon 6 also encodes the ability to bind extra cellular matrix. Consequently, the VEGF 
isoforms differ in their pharmacokinetics and ability to distribute out from the site of production 
or exogenous application, with VEGF121 being the most freely diffusible. The isoforms do not 
appear to differ qualitatively in their range of activities, although there may be quantitative 
differences (9-12). 
In this study, expression of the VEGF 165 was carried out in E. coli (BL21 DE3), and  pET32a 
was as expression vector.  
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Material and Methods 
Plasmid construction - The DNA of VEGF 165 was amplified by polymerase chain  
reaction from a plasmid containing the VEGF 165 DNA fragment as template. the  
PCR was performed with these primers, F_VEGF_BspHI: CGCTCATGAACTTTC  
TGCTGT CTTG and R_ pBlast(XhoI) : AATCTTCGAGGAGCTAGCTCAC. The   
PCR product, directly cloned into pET32a via NcoI and XhoI restriction sites  
(BspHI is compatible with NcoI).  
 
Expression and Purification – Bl21 DE3  was as expression host and condition of  
induction was 37ºC and 1mM IPTG. Purification was performed with batch NiTA  
protocol in nature condition. 
Detection of protein - assay of the VEGF 165 was performed with SDS PAGE and  
 ELISA. The ELISA kit that we have been used was VEGF 165 ELISA KIT (R&D  
 USA). 
 
Results and Discussion 
 The results from SDS PAGE show a high level expression of VEGF 165 (Fig 2) and the 
observed results from ELISA confirm the expression of VEGF 165 (Fig 3). 
Initial clinical results have been reported with intracoronary and intravenous recombinant 
VEGF165 protein as well as gene therapy using naked plasmid DNA encoding for VEGF165 
and VEGF-2 and an adenovirus vector encoding for VEGF121 (1). Henry et al. [44] reported 
the first trial of recombinant VEGF165 protein in 15 patients receiving 10-minute intracoronary 
infusions of 5, 17, 50, or 167 ng/kg/min in two coronary distributions. The maximum tolerated 
dose was identified as 50 ng/kg/min with a significant decrease in blood pressure at the 167 
ng/kg/min dose. Seven of fourteen patients had an improvement in myocardial perfusion 
imaging. Although there was no significant change in the summed stress score, at day 60 there 
was a significant 
improvement in the summed rest score in the high dose VEGF group at 14.7 versus 10.7 (P < 
0.05) . All seven patients with follow-up angiograms had a significant improvement in collateral 
density score. In addition, 13 of the 15 patients had a significant decrease in angina class (P = 
0.002).  
This study was only a trial for expression of VEGF 165 in E. coli and our target is expression of 
VEGF 165 without signal peptide and without any fusion partner. Then the clinical trial will 
perform from the corporation of Cardiovascular Research center and Biotechnology department 
of Pasteur institute. 
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Figure 1. Vascular endothelial growth factor 
(VEGF) splice variants. The eight exons of the 
human VEGF gene are shown schematically at 
the top of the figure. The first exon and part of 
the second encode the secretion signal 
sequence for the protein, which is removed 
during the formation of the mature growth 
factor. All forms of VEGF contain the amino 
acids 
encoded by exons 3, 4, and 5. Differential 
splicing involving exons 6 and 7 leads to the 
pr
the protein. 

oduction of the seven reported isoforms of 
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Fig 2. SDS PAGE.                                      Fig 3. Time course of induction       
 1) Before induction,  
 2) 2 hours after induction,  
 3) 4 hours after induction,  
 4) Protein marker (fermentas) 
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