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Figure 1: Comparison of two samples containing 
recombinantly expressed VEGF-A in both assay 
types.  

 

The New RELIATech VEGF-A RELIDA 

A perfect tool for the measurement of biologically active 

VEGF-A in your samples 

 
In the last few years research has implicated VEGF-A in the progression of many different tumor-

types. It has also been established as a marker with diagnostic value for other diseases characterized 

by vascular disorders and enhanced angiogenesis. In this respect it is important that the new 

RELIATech VEGF-A RELIDA (receptor ligand detection assay) offers a simple and accurate 

method for the quantitation of biologically active VEGF-A in many different sample types. 

We compared the RELIDA to a prevalent VEGF-A ELISA sold by a competitor. Both assays have 

a different set-up, which is very important for the interpretation of the results obtained. While the 

competitors VEGF-A ELISA is based on antibodies for capturing and detection of sample VEGF-

A,  the RELIDA is receptor-based. The plates are pre-coated with the extracellular domains of a 

native, high-affinity VEGF-A receptor. Receptor-bound sample VEGF-A is subsequently detected 

by a polyclonal VEGF-A antibody.  

In figure 1 the measurement of two different samples containing recombinantly expressed VEGF-A 

is compared. Both assays detect the same 

amount of adenovirus-derived recombinant 

human VEGF165 (Adv rhVEGF165) in the 

first sample, which would be expected as 

both assays have been developed for the 

detection of rhVEGF165. The RELIDA also  

detects insectcell-expressed recombinant 

murine VEGF164 (Ins rmVEGF164) in the 

second sample. The receptor used for 

capturing of VEGF-A in the RELIDA 

recognises both human and murine forms, 

which are highly related. In contrast, the 

antibody-pair utilised in the VEGF-A 

ELISA discriminates well between human and murine VEGF-A. Therefore, no murine VEGF-A 

can be detected in the second sample with this assay. 
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Figure 2: Comparative measurement of two 
follicular fluid samples in both assay types. 

Figure 2 shows the comparative measurement of two different follicular fluids in both assay-types. 

The striking difference that we observed during our experiments was that the antibody-based 

VEGF-A ELISA detected 3- to 4-fold 

higher VEGF-A levels in all samples than 

the receptor-based RELIDA. This  

discrepancy can be explained by the fact 

that both samples contained significant 

amounts of soluble VEGF-A receptor-1 

(sVEGFR-1) as determined by means of 

the RELIATech sVEGFR-1 ELISA (DA-

064). The values were 0.9 ng/ml for 

sample 1 and 0.5 ng/ml for sample 2. The 

sVEGFR-1 can bind to sample-VEGF-A, 

leaving only 20% to 30 % of the total 

VEGF-A amount within a sample free and uncomplexed. Only this free part of VEGF-A is able to 

bind to the receptors coated onto the RELIDA plate. All sVEGFR-1 bound, or in any other form 

complexed VEGF-A, will not bind to the receptor molecules used in our RELIDA. Otherwise, the 

antibodies utilised in the VEGF-A ELISA can not discriminate between free and sVEGFR-1-bound 

VEGF-A. Therefore, the ELISA determines the total amount of VEGF-A within a sample. 

 

VEGF-A is implicated in several pathological conditions that are provoked by enhanced 

angiogenesis or enhanced vascular permeability, e.g., tumour-growth, psoriasis, rheumatoid arthritis 

or diabetic retinopathies. Therefore, ELISA assays are valuable tools for research and diagnostic. 

While both assays used in this comparison can reliably detect and quantify VEGF-A in human 

samples, the major advantage of the RELIDA is that it enables the measurement of free and 

biologically active forms of VEGF-A, based on its novel design with native, high-affinity VEGF-A 

receptors as capture molecules. All other complexed or degraded and thus biologically inactive 

forms of VEGF-A will not be detected. Another advantage of our RELIDA is that it can also be 

used for the measurement of murine samples. 

In combination with RELIATech sVEGFR-1 ELISA it is also possible to determine the ratio of 

VEGF-A to its naturally occuring antagonist sVEGFR-1 in serum samples. This ratio is important 

for the relapse free survival after surgical tumor excision and associated with a good or poor 

prognosis for cancer progression (Toi et al., Int. J. Cancer 2002; in press). 
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I. RELIDA: A new, receptor-based ELISA for the measurement of 

bioactive ligands! 

 

So far, the most commercially available ELISAs are based on mono- or polyclonal antibodies for 

capturing the desired “target protein”. Our RELIDA (Receptor-Ligand-Detection-Assay) is a novel 

kind of ELISA based not on an antibody but on a soluble receptor for binding of the “target 

protein”.  

 

This system has several important advantages: (i) the recombinant soluble receptors normally have 

a similar high affinity for the ligand than the endogenous cell surface transmembrane receptors, (ii) 

in contrast to an antibody which bind to a certain epitop regardless of the integrity of the protein, 

only ligands able to bind to the receptor are detectable in this assay system and (iii) if there exist 

more than one ligand for a certain receptor and having the appropriate antibodies all ligands binding 

to the used soluble receptor can be measured. So, using sVEGFR-1 as capture receptor you would 

be able to measure the amount of bioactive VEGF-A and -B as well as PlGF.  

 

In this respect we are pleased to announce that we were able to develop the first immunoassay for 

the detection of bioactive VEGF-A (Cat.-No. DA-066). It is important that the new RELIDA will 

offer a simple and accurate method for the quantitation of biologically active VEGF-A in many 

different sample types [see Part II]. In addition, we also offer a classical ELISA for the detection of 

the soluble form of VEGFR-1 (Cat.-No. DA-064) which represents a naturally occuring antagonist 

of VEGF-A. This assay allows the detection of the total amount of sVEGFR-1 (free and complexed 

with ligand). Both products have been developed using state-of-the-art methods for sandwich-

ELISA developments and have been validated under various conditions and are quantitatively 

calibrated to verified recombinant molecular standards.  

 
The determination of both, bioactive VEGF-A as well as its naturally occuring antagonist sVEGFR-

1 might be important for the following reason: The characterization of angiogenic activity such as 

embryonic development, placental vascularization, cancer and wound healing is measured by 

comparing the ratio of angiogenic stimulators (e.g. FGF-1, FGF-2, VEGF-A, Ang-1) to angiogenic 

inhibitors (e.g. sVEGFR-1, angiostatin, endostatin, thrombospondin). Several independently 

published data of both normal and pathogenic subjects have confirmed endogenous levels of 

VEGF-A and bFGF in pg/ml to ng/ml ranges as measured by commercially available sandwich 

ELISA kits. These factors have been thought to work unopposed to cause blood vessel formation. 

The finding that sVEGFR-1, a strong endogenous VEGF-A antagonist, is present in normal subjects 
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suggests a finely tuned balance of signal transduction, the workings of which can now be explored. 

Together with other similar assay systems, positive and negative angiogenic regulators can now be 

explored in many different physiological and pathological settings using human cell culture 

supernatants and biological fluids [see also Part III]. 

 

 

II. Characterizing the levels of biologically active vascular endothelial 

growth factor (VEGF-A) by a new type of ELISA 

 
In the last few years research has implicated VEGF-A in the progression of many different tumor-

types. It has also been established as a marker with diagnostic value for other diseases characterized 

by vascular disorders and enhanced angiogenesis. In this respect it is important that the new 

RELIDA (receptor ligand detection assay) will offer a simple and accurate method for the 

quantitation of biologically active VEGF-A in many different sample types. 

 
Vascular endothelial growth factor 

Vascular endothelial growth factor (VEGF or VEGF-A) is a mitogen for vascular endothelial cells 

derived from arteries and veins, but it is devoid of consistent mitogenic activity for other cell types. 

VEGF-A is also known as vascular permeability factor (VPF), based on its ability to induce 

vascular leakage in the guinea-pig skin and in different models of vascular permeability. An 

increase in vascular permeability is a crucial step in tumor- and wound- angiogenesis. Besides the 

VEGF-related mitogen placenta growth factor (PlGF) other molecules of the VEGF family were 

described in the last years and consequently named VEGF-B to VEGF-E. The newly described 

family members VEGF-C  and VEGF-D can also activate lymphatic endothelial cells. The human 

VEGF-A gene is organized in eight exons, separated by seven introns. Alternative splicing of the 

eight exons leads to the formation of at least five different molecular species of VEGF having 121, 

145, 165, 189 and 206 amino acids. VEGF165 is the predominant molecular species produced by a 

variety of normal and transformed cells. It is a basic, heparin-binding and homodimeric 

glycoprotein of 45kDa. VEGF121 is also secreted by many cell types. But this isoform of VEGF-A 

does not bind to heparin and thus has a different pattern of distribution and bio-availability. VEGF-

A binds to and activates two different receptor tyrosine kinases known as VEGFR-1 (Flt-1) and 

VEGFR-2 (KDR). 

Among the mechanisms that have been proposed to participate in the regulation of VEGF-A gene 

expression, oxygen tension plays a major role both in vitro and in vivo. VEGF-A mRNA expression 

is rapidly induced in normal and transformed cultured cell types by exposure to low oxygen levels. 
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However, hypoxia increases the VEGF-A production not only by transcriptional activation, but also 

by enhancing the VEGF-A mRNA stability. Similarities exist in the mechanisms leading to the 

hypoxic regulation of VEGF-A and erythropoietin (Epo). VEGF-A transcription is also activated by 

oncogenes like H-ras and several transmembrane tyrosine kinases, such as epidermal growth factor 

receptor and ErbB2. Together these pathways account for a marked upregulation of VEGF-A in 

tumors compared to normal tissues and are often of prognostic importance and relevance.  

 

The significance of the RELIDA   

Many factors contribute to the regulation of angiogenesis. VEGF-A, as an endothelial cell specific 

growth factor, is the major key player involved in all varieties of physiological and pathological 

angiogenesis. Direct demonstration of the importance of VEGF-A for tumor growth has been 

achieved by using either dominant negative VEGF receptors to block in vivo proliferation of 

endothelial cells, or blocking antibodies to VEGF-A or to one of the VEGF-A receptors. Other 

pathological conditions as psoriasis, rheumatoid arthritis, the ovarian hyperstimulation syndrome 

and diabetic retinopathies are also associated with enhanced angiogenesis or enhanced vascular 

permeability induced by VEGF-A.  

Compared to control sera the VEGF-A levels are elevated in both plasma and serum samples of 

tumor patients. Extremely high levels of VEGF-A can also be detected in the cystic brain fluids of 

brain tumor patient s or in ascites fluid of patients. Platelets may be a major source of VEGF-A 

delivery to tumors, which they release upon aggregation. Several other studies have shown that high 

serum levels of VEGF-A are associated with a poor prognosis for cancer progression or a relapse 

free survival after surgical tumor excision. In this respect it is important to mention that this new 

VEGF-A RELIDA  offers a simple and reliable method for the quantitation of biologically active 

VEGF-A in serum or plasma samples, ascites fluids, intraoccular- fluids or cell culture samples. 

 

The principle of the RELIDA  

This assay was designed to quantitate biologically active human vascular endothelial growth factor-

A (VEGF-A) in cell culture supernatants or complex biological fluids. The type of the assay is 

unique based on its novel design with soluble VEGF-A receptors as capture molecules of active 

ligands. The soluble receptor molecules are used for high affinity solid phase binding of VEGF-A in 

the presence of biomatrix material. The assay type mimics the physiological ligand-receptor 

interaction and binds VEGF165 with a KD of about 30pM. All secreted isoforms of VEGF-A and 

also cell-associated isoforms (VEGF145, VEGF189), if these were solubilized by the action of 

proteases, can be measured with the RELIDA. The assay will recognize only free, uncomplexed 
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and biologically active forms of  VEGF-A that are not sequestered by soluble receptors. 

Sequestered, monomeric and degraded VEGF-A molecules will not be detected.  

 

 

 

Figure 1 depicts the assay principle: The „ready to use“ plates are precoated with a recombinant VEGF 

receptor and a specific proteoaminoglycan to mimic a biological matrix and enhance VEGF-A binding (A). 

VEGF-A standard and samples are applied in a first incubation step (B), and bound VEGF-A is detected by a 

biotinylated antibody (C). After incubation with a horseradish-peroxidase- labeled streptavidine (D), the 

assay can be developed with TMB-substrate and measured in a common ELISA-plate reader.  

 

The kit includes reagents for one 96-well ELISA plate. The newly developed RELIDA has a 

sensitivity of 11 pg VEGF-A/ml sample. The range of detection is 16 pg/ml to 1000 pg/ml. The 

intra- and inter-assay variations were determined as 5.9 % and 17.7%, respectively. 

 

 

III. Vascular Endothelial Growth Factor (VEGF-A) and its soluble 

receptor sVEGFR-1: two key players for physiological and 

pathophysiological blood vessel formation 
 

Normal tissue function depends on a regular supply of oxygen through the blood vessels. 

Understanding the formation of blood vessels has become the focus of a major research effort 

throughout the last decade. Vasculogenesis in the embryo is the process by which new blood 

vessels are generated de novo from primitive precursor cells. Angiogenesis is the process of new 

blood vessel formation from pre-existing vasculatures. It plays an essential role in development, 

Figure 1 
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normal tissue growth, wound healing, the female reproductive cycle (placental development, 

ovulation, corpus luteum) and also plays a major role in various diseases [1]. Special interest is 

focused on tumor growth, since tumors cannot grow more than a few millimeters in size without 

developing a new blood supply. This process is described as tumor angiogenesis which is also 

essential for the spread and growth of tumor cell metastasis. One of the key molecules for 

angiogenesis and for the survival of the endothelium is vascular endothelial growth factor (VEGF-

A) [2]. It is a specific endothelial cell mitogen and a strong vascular permeability factor (VPF) [3]. 

VEGF-A is a heparin-binding glycoprotein, secreted as a homodimer of 45 kDa by many different 

cell types. VEGF-A also causes vasodilation through the nitric oxide synthase pathway in 

endothelial cells and can activate migration in monocytes. Many different splice variants of VEGF-

A have been described, but VEGF165 is the most predominant protein and anchors with its heparin 

binding domain to extracellular matrix and to heparin sulfate. During the past few years, several 

other members of the VEGF family have been cloned, including VEGF-B, -C, -D and the Orf virus 

encoded VEGF-E [4,5]. In terms of vascular angiogenesis, which mainly is regulated by VEGF-A, 

lymphangiogenesis is mainly regulated by VEGF-C and -D [6]. 

 

Therapeutic implications: 

VEGF-A transcription is highly activated by hypoxia and by oncogenes [7] like H-ras and several 

transmembrane tyrosine kinases, such as epidermal growth factor receptor and ErbB2 [8]. Together 

these pathways account for a marked upregulation of VEGF-A in tumors compared to normal 

tissues and are often of prognostic importance and relevance [9,10]. VEGF-A can be detected in 

both plasma and serum samples of patients, with much higher levels in serum [11]. Extremely high 

levels can be detected in the cystic brain fluid of brain tumor patients [12,13] or in ascites fluid of 

patients. Platelets release VEGF-A upon aggregation and may be another major source of VEGF-A 

delivery to tumors [14]. Several other studies have shown that association of high serum levels of 

VEGF-A with poor prognosis in cancer patients may be correlated with an elevated platelet count 

[15]. Tumors can release cytokines and growth factors that stimulate the production of 

megakaryocytes in the marrow and elevate the platelet count. This can result in another, indirect 

increase of VEGF-A delivery to tumors [16]. Furthermore, VEGF-A is implicated in several other 

pathological conditions associated with enhanced angiogenesis or enhanced vascular permeability. 

Examples where VEGF-A plays an important role are psoriasis and rheumatoid arthritis [17], as 

well as the ovarian hyperstimulation syndrome [18]. Diabetic retinopathy is associated with high 

intraocular levels of VEGF-A, and inhibition of VEGF-A function may result in infertility by 

blockage of corpus luteum function [19]. Direct demonstration of the importance of VEGF-A in 

tumor growth has been achieved using dominant negative VEGF receptors to block in vivo 
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proliferation [20], as well as blocking antibodies to VEGF or to one of the VEGF receptors [21]. 

Interference with VEGF-A function has therefore become of major interest for drug development to 

block angiogenesis and metastasis. More than 110 pharmaceutical companies world-wide are 

involved in the development of such antagonists. Their approaches include antagonists of VEGF-A 

or its receptors, selective tyrosine kinase inhibitors, targeting of drugs and toxins to VEGF receptors 

and gene therapy regulated by the same hypoxia pathway that controls VEGF-A production. 

Targeting the VEGF signalling pathway may be of major therapeutic importance for many diseases 

[22] and serves as a basis for the design of future (anti)-angiogenic treatments. 

 

The role of soluble VEGFR-1 (sVEGFR-1) 

There are three receptors in the VEGF family: VEGFR-1 (Flt-1), VEGFR-2 (KDR) and VEGFR-3 

(FLT-4) [23]. VEGF-A signals through two receptors, VEGFR-1 and VEGFR-2, which are 

expressed predominantly but not exclusively on vascular endothelial cells. VEGFR-2 seems to be 

the principal signalling receptor for vascular endothelial cells, whereas VEGFR-1 is important for 

migration and may probably function as a decoy receptor, serving to regulate the bioavailability of 

VEGF-A in a given tissue [1]. VEGFR-3 was found to be predominantly expressed on lymphatic 

vessels during development and has an important function in lymphangiogenesis [24]. A naturally 

occurring soluble form of VEGFR-1 was discovered in 1990 and later the protein was isolated from 

the supernatant of vascular endothelial cells and monocytes [25,26] and is abundant in several 

biological fluids where angiogenesis is advancing [27]. The soluble receptor (sVEGFR-1) is 

generated by differential splicing and has a size of about 110 kDa with a unique C-terminus. It can 

be found in mouse as well and expression changes during placentation [28]. The physiological 

function is not fully understood, but several reports indicate, that the soluble form serves as a decoy 

receptor reducing VEGF-A availability and prevents overgrowth of endothelial cells into vessel 

lumen. It also neutralizes active VEGF-A lowering vascular leakage when it is released into the 

blood stream.  

In several tissues VEGF-A and sVEGFR-1 are coexpressed and both genes can be induced by 

hypoxia [29]. High levels of sVEGFR-1 can be found in amniotic fluids of woman as a pregnancy-

associated factor. The level depends on gestational age and is dependent on several diseases 

associated with pregnancy [30]. Soluble VEGFR-1 found in tissues and complex biological fluids 

are often complexed with VEGF-A. The placenta secreted sVEGFR-1 was found to be released into 

the maternal circulation where it binds VEGF-A; a finding first not observed in sera from men or 

non-pregnant women [31]. Meanwhile the presence of sVEGFR-1 was also shown in the serum and 

plasma of healthy male and female donors indicating that this soluble form of VEGFR-1 not only 

plays a role in pregnancy but might have a more general function in the “fine” regulation of VEGF-
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A mediated activities in vivo [26]. The relationship between VEGF-A and sVEGFR-1 is an 

important marker for in vitro fertilisation protocols. High levels of VEGF-A may lead to ovarian 

hyperstimulation syndromes. Low levels of VEGF-A and excess sVEGFR-1 levels reduce the 

chance for successful follicle growth and maturation [32]. The sVEGFR-1 can be measured in 

nearly all follicle samples and has remarkably similar levels in both leading follicles.  

In tumor tissues the relationship between VEGF-A and sVEGFR-1 may have an important 

prognostic value: excess of sVEGFR-1 seems to be a positive indicator for tumor-free survival in 

patients. In addition, the measurement of the amount of sVEGFR-1 in serum of patients with 

advanced renal cancer before and 1 month after anti-angiogenic therapy indicate that sVEGFR-1 

may be of value in assessing anti-angiogenic treatments targeting different components of the 

vasculature or angiogenic therapy [33]. 

 

Summary 

In many vascular diseases VEGF-A and sVEGFR1 are important regulators for the generation of 

new blood vessels. The relationship between VEGF-A and sVEGFR-1 defines the amount of free, 

active VEGF-A that can bind to the signalling receptor proteins. Recent experimental evidence 

suggests that the relationship has important prognostic values in several situations where 

angiogenesis is ongoing. For example, physiological processes such as placental development, 

corpus luteum formation or pathophysiological situations like tumor angiogenesis or diabetic 

retinopathies. sVEGFR-1 is involved in the fine tuning of VEGF-A availability, but the exact 

regulation and release from endothelial cells is a matter of debate and will be further investigated 

[26,32]. 

 

 
References 
 
1. Risau, W. (1997) Mechansims of angiogenesis. Nature 386:671-674. 
 
2. Ferrara, N. (1999) Vascular endothelial growth factor: molecular and biological aspects. Curr. Top. 
Microbiol. Immunol. 237:1-30. 
 
3. Senger DR, Galli SJ, Dvorak AM, Peruzzi CA, Harvey VS, Dvorak HF. (1983) Tumor cells secrete a 
vascular permeability factor that promotes accumulation of ascites fluid. Science 219:983-985. 
 
4. Neufeld G, Cohen T, Gengrinovitch S, Poltorak Z. Vascular endothelial 
growth factor (VEGF) and its receptors. FASEB J 1999; 13:9-22. 
 
5. Veikkola T, Alitalo K. VEGFs, receptors and angiogenesis. Sem. Cancer 
Biology 1999; 9:211-220. 
 
6. Carmeliet P, Collen D (1999) Role of vascular endothelial growth factor and vascular endothelial growth 
factor receptors in vasculr developments. Curr Top Microbiol Immunol 237:133-158 



 10 

 
7. Norby K (1997) Angiogenesis: new aspects relating to its initiation and control. Acta Pathologica 
Microbiologica et Immunologica S 105:417-437 
 
8. Arbiser, JL, Moses MA, Fernande CA, Ghiso N, Cao Y, Klauber N, Frank D, Brownlee M, Flynn E, 
Parangi S, Byers HR, Folkman J (1997) Oncogenic H-ras stimulates tumor angiogenesis by two distinct 
pathways. Proc. Natl. Acad. Sci. USA 94:861-866. 
 
9. Gasparini G, Toi M, Gion M, Verderio P, Dittadi R, Hanatani M, Matsubura I, Vinante O, Bonoldi E, 
Boracchi P, Gatti C, Suzuki H, Tominaga T (1997) Prognostic significance of vascular endothelial growth 
factor protein in node-negative breast carcinoma J. Natl. Cancer Inst. 89:139-147. 
 
10. Toi M, Gion M, Saji H, Asano M, Dittadi R, Gilberti S, Locopo N, Gasparini G  (1999) Endogenous 
interleukin-12: relationship with angiogenic factors, hormone receptors and nodal status in human breast 
carcinoma.  Int. J. Oncol. 15:1169-1175. 
 
11. Banks RE, forbes MA, Kinsey SE, Stanley A, Ingham E, Walters C, Selby PJ (1998) Release of the 
angiogenic cytokine vascular endothelial growth factor (VEGF) from platelets: significance for VEGF 
measurements and cancer biology. Br J Cancer 77:956-964. 
 
12. Plate KH, Breier G, Weich HA, Risau W. (1992) Vascular endothelial growth factor is a tumor 
angiogenesis factor in human gliomas in vivo. Nature 359:845-848. 
 
13. Weindel, K, Moringlane RJ, Marmé D, Weich HA (1994): Detection and quantification of vascular 
endothelial growth factor/vascular permeability factor in human brain tumor tissue and cyst fluid: The key to 
angiogenesis? Neurosurgery 35:439-449. 
 
14. Pinedo HM, Verheul HM, D’Amato RJ, Folkman J (1998) Involvement of platelets in tumour 
angiogenesis? Lancet 352: 1775-1777. 
 
15. O’Byrne KJ,  Dobbs N, Propper D, Smith K, Harris AL (1999) Vascular endothelial growth factor 
platelets counts, and prognosis in renal cancer.  Lancet 353:1493-1495. 
 
16. Salgado R, Vermeulen PD, Benoy I, Weytjens R, Huget P, van Marck E, Dirix LY (1999) Interleukin-6 
correlate with VEGF but not with bFGF serum levels of advanced cancer patients. Br. J Cancer 80:892-897. 
 
17. Koch, AE, Harlow LA, Haines GK, Amento EP, Unemori EN, Wong WL, Pope RM, Ferrara N (1994) 
Vascular endothelial growth factor. A cytokine modulating endothelial fiunction an rheumatoid arthritis. J. 
Immunol. 152:4149-4156. 
 
18 NeulenJ, Yan Z, Racezk S, Weindel K, Keck C, Weich HA, Marmé D, Breckwoldt M. (1995) Human 
chorionic gonadotropin-dependent expression of vascular endothelial growth factor/vascular permeability 
factor in human granulosa cells: importance of ovarian hyperstimulation syndrom. J Clin Endocr Metab 
80:1967-1971. 
 
19. Ferrara, N, Chen H, Davis-Smyth T (1998) Vascular endothelial growth factror is essential for corpius 
luteum angiogenesis. Nat Med 4:336-340 
 
20. Millauer, B, Longhi MP, Plate KH, Shawver LK, Risau W, UllrichA, Strawn LM (1996) Dominant-
negative inhibition of flk-1 suppresses the growth of many tumor types in vivo. Cancer Res. 56:1615-1620. 
 
21. Witte,L, Hicklin DJ, Zhu Z, Pytowski B, Kotanides H, Rockwell P, Bohlen P (1998) Monoclonal 
antibodies targeting the VEGF receptor-2 (FLK/KDR) as an anti-angiogenic therapeutic strategy. Cancer 
Metastasis Rev. 17:155-161. 
 
22. McMahon, G (2000) VEGF receptor signaling in tumor angiogenesis. Oncologist 5:3-10. 
 



 11 

23. Kaipainen, A, Korhonen J, Mustonen T, van Hinsbergh VW, Fang GH, Dumont D, Breitmann M. Alitalo 
K (1995) Expression of the fms-like tyrosine kinase 4 gene becomes restricted to lymphatic endothelium 
during development. Proc. Natl. Acad. Sci. USA 92:3566-3570. 
 
24. Plate K (2001) From angiogenesis to lymphangiogenesis. Nat. Med. 7:151-152. 
 
25. Kendall, RL, Wang G, Thomas KA  (1996) Identification of a natural soluble form of the vascular 
endothelial growth factor receptor, FLT-1, and its heterodimerization with KDR. Biochem Biophys. Res. 
Commun 226:324-328. 
 
26. Barleon B, Reusch P, Totzke F, Herzog C, Keck C, Martiny-Baron G, Marmé D (2001) Soluble 
VEGFR-1 secreted by endothelial cells and monocytes is present in human serum and plasma from healthy 
donors. Angiogenesis 4:143-154, 2002. 
 
27. Hornig, C, Weich HA (1999) Soluble VEGF receptors. Angiogenesis 3:33-39. 
 
28. Kondo, K, Hiratsuka S, Subbalakshmi E, Matsushime H, Shibuya M (1998) Genomic organiszation of 
the flt-1 gene encoding for vascular endothelial growth factor (VEGF) receptor-1 suggests an intimate 
evolutionary relationsship between the 7-Ig and the 5-Ig tyrosine kinase receptors. Gene 208:297-305. 
 
29. Hornig, C, Barleon B, Ahad S, Vuorela P, Ahmed A, Weich HA (2000) Release and complex 
formation of soluble VEGFR-1 from endothelial cells and biological fluids.  Lab. Invest. 80:443-454. 
 
30. Vouorela  P, Helske S, Hornig C, Alitalo K, Weich HA, Halmesmäki E (2000) Amniotic fluid-soluble 
endothelial growth factor receptor-1 in preeclampsia. Obstetrics &  Gynecology 95:353-357. 
 
31. Clark, DE, Smith SK, Licence D, Evans AL, Charnock-Jones DS (1998) Comparision of expression 
patterns for placenta growth factor, vascular endothelial growth factor (VEGF), VEGF-B and VEGF-C in the 
human placenta throughout gestation. J. Endocrinol 159:459-467 
 
32. Neulen J, Wenzel D, Hornig C, Wünsch E, Weissenborn U, Grunwald K, Büttner R, Weich HA  (2001) 
Poor responder- high responder: the importance of soluble vascular endothelial growth factor receptor 1 
(sVEGFR-1) in ovarian stimulation protocols. Hum Reprod. 16:621-6. 
 
33. Harris AL, Reusch P, Barleon B , Hang C, Dobbs N, Marme D (2001) Soluble Tie2 and Flt1 extracellular 
domains in serum of patients with renal cancer and response to antiangiogenic therapy. Clinical Cancer Res 
7:1992-7. 
 

34. Masakazu Toi, Hiroko Bando, Taeko Ogawa, Mariko Muta, Carsten Hornig, Herbert Weich (2002) 
Significance of vascular endothelial growth factor (VEGF)/soluble VEGF receptor-1 relationschip in breast 
cancer. Int J Cancer (in press)  
 



 12 

Characteristics of VEGF-A and sVEGFR-1: 

 
VEGF-A 

· Specific mitogen for endothelial cells, but normally not produced by them 

· Regulates physiological and pathophysiological angiogenesis 

· Acts as an potent vascular permeability factor 

· Upregulated by hypoxia 

· Key molecule for tumor angiogenesis and progression 

· Maintenance and survival of endothelial cells 
   No expression in quiescent endothelium/vessels 

 
sVEGFR-1 
 
· Produced by activated endothelial cells and monocytes 

· Generated by differential splicing and proteolytic processes 

· Specific binding of VEGF-A, VEGF-B and PIGF 

· Acts as a negative regulator of VEGF bioavailability 
 

 

Clinical and pre-clinical observations 

 

VEGF-A 

· Elevated VEGF-A levels in tumor correlates with poor prognosis 

· Blocking of VEGF or VEGF receptors prevents tumor growth 

· Elevated levels in many vasular diseases, e.g. diabetic retinopathy 

· VEGF gene transfer restores blood perfusion in ischemic organs 

· Gene expression is highly upregulated in tumor tissues 
 

sVEGFR-1 

· Release of sVEGFR-1 during pregnancy reduces the level offree VEGF in blood stream 

· High levels of sVEGFR-1 in amniotic and follicle fluids 

· Acts as a sink to neutralize excess VEGF/PIGF produced during development of placenta 

· Relationship between VEGF-A and sVEGFR-1 is important for success of IVF 

· Excess of soluble receptor in tumor tissue is a positive indicator of tumor-free survival 

· Transfer of the sVEGFR-1 gene into tumor cells inhibits tumor growth 

· Application of sVEGFR-1 prevents neovacularization in diabetic retinopathie models 
 


