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Abstract
Anti-angiogenic therapies currently revolve around targeting vascular endothelial growth factor-A
(VEGF-A) or its receptors. These therapies are effective to some degree, but have low response
rates and poor side-effect profiles. Part of these problems is likely to be due to their lack of
specificity between pro- and anti-angiogenic isoforms, and their nonspecific effects on proactive,
pleiotropic survival and maintenance roles of VEGF-A in endothelial and other cell types. An
alternative approach, and one which has recently been shown to be effective in animal models of
neovascularization in the eye, is to target the mechanisms by which the cell generates pro-
angiogenic splice forms of VEGF-A, its receptors and, co-incidentally, by targeting the upstream
processes, other oncogenes that have antagonistic splice isoforms. The concept here is to target the
splicing mechanisms that control splice site choice in the VEGF-A mRNA. Recent evidence on
the pharmacological possibilities of such splice factors is described.

Keywords
angiogenesis; anti-angiogenic; cancer; eye disease; splicing; VEGF; VEGF165b

© 2009 Future Medicine Ltd
†Author for correspondence: Microvascular Research Laboratories, Department of Physiology and Pharmacology, School of
Veterinary Sciences, University of Bristol, Southwell Street, Bristol BS2 8EJ. UK Tel: +44117 982 8367 Fax: +44 117 982 8151
Emma.Rennel@bris.ac.uk.

Financial & competing interests disclosure Dr Steven J Harper and Dr David O Bates are co-inventors on a patent relating to
control of splicing. Dr Emma S Rennel is funded by Fight for Sight, and Dr David O Bates by the British Heart Foundation. This work
was also critically dependent upon funding from the Association for International Cancer Research. Dr Steven J Harper and Dr David
O Bates have received financial support for their research, and acted as a consultant for Philogene, who hold the license for
therapeutic development of VEGF-A165b. Dr Steven Harper and Dr David O Bates are inventors on the VEGF-A165b patent, and Dr
David O Bates has received travel support from Philogene Inc. over the last 12 months. The authors have no other relevant affiliations
or financial involvement with any organization or entity with a financial interest in or financial conflict with the subject matter or
materials discussed in the manuscript apart from those disclosed.
No writing assistance was utilized in the production of this manuscript.

Europe PMC Funders Group
Author Manuscript
Future Oncol. Author manuscript; available in PMC 2010 June 01.

Published in final edited form as:
Future Oncol. 2009 June ; 5(5): 703–712. doi:10.2217/fon.09.33.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



The good: anti-VEGF agents target VEGF-mediated tumor angiogenesis
In the 1970s, the late Judah Folkman postulated that tumors were dependent in blood vessels
for their growth and expansion [1]. This concept of angiogenesis is the formation of new
blood vessels from pre-existing vessels. The 1980s saw the advent in several laboratories of
a tumor-derived protein inducing angiogenesis, denoted vascular endothelial growth factor-
A (VEGF-A) [2-5], and vascular permeability factor (VPF), which increased permeability
[6,7]. It was later revealed that these two proteins were one and the same, and was
upregulated in all solid tumors acting via its receptors found mainly on endothelial cells in
blood vessels (recently reviewed in [8,9].

In the 1990s, a series of landmark papers demonstrated that VEGF-A was upregulated in
tumors, and was required for tumor growth in animal models and in other angiogenic
conditions such as age-related macular degeneration (AMD) (reviewed in [10]). This
validated it as a target for novel oncological therapeutics in preclinical models.

The 2000s were characterized by the translational leap from preclinical to clinical studies,
and in 2004 after several failed preclinical trials of putative anti-angiogenic agents,
bevacizumab, a humanized antibody to VEGF-A, was shown to increase the mean survivl
length in colon cancer patients by 4.7 months [11]. To date, it has been licensed in
combination with conventional chemotherapy to treat metastatic colon carcinoma, metastatic
nonsquamous non-small-cell lung cancer and metastatic HER2-negative breast cancer [12].
At present, there are over 400 ongoing clinical trials with bevacizumab in more than 30
different tumors. Bevacizumab doesn’t come without side effects, and the most severe and
common are hypertension, gastrointestinal perforations, wound healing complications and
hemorrhage (reviewed in [13]).

VEGF-A levels are also increased in some ocular pathologies characterized by abnormal
vessel growth. Ranibizumab, a licensed therapy for AMD, is an antibody fragment of
bevacizumab and is in a Phase III clinical trial for the treatment of diabetic macular edema
and retinal vein occlusion [14]. VEGF-Trap, a fusion between Ig loop 2 from VEGF
receptor (VEGFR)-1 and loop 3 from VEGFR-2, blocks VEGF-A and PIGF [15], and is in
Phase III clinical trials in combination with chemotherapy. VEGF-Trap-Eye is an Phase III
to treat wet AMD. Successful data were shown with pegaptanib, which is a short modified
RNA aptamer that specifically binds VEGF165, thought to be the most abundant VEGF-A
[16] in the treatment of wet AMD [17].

An alternative strategy is to hit a broader spectrum of growth factor receptors using small
molecular inhibitors. Sorafenib inhibits a wide range of targets such as Raf serine/threonine
kinases, VEGFR-1, VEGFR-2, VEGFR-3 and PDGF receptor (PDGFR)-β, and is licensed
for advanced renal cancer [18]. Similarly, sunitinib, which inhibts VEGFR and PDGFR, is
now licensed for advanced renal cell carcinoma [19,20] and the rarer gastrointestinal stromal
tumor [21].

Targeting angiogenesis using single agents or a combination of other angiogenesis inhibitors
or chemotherapy against VEGF-A or its receptors has therefore been shown to have some
efficacy, and is a promising way of reducing tumor growth and increasing survival rates.
However, their efficacy is limited to a small population of patients, and they come with
significant side effects. Moreover, anti-angiogenic treatment may accelerate invasion and
metastasis in some tumors, as has been seen in animal models [22,23]. It is now becoming
clear that alternative molecular targets for anti-angiogenic therapy may also be useful, for
example, the Delta–Notch pathway (recently reviewed in [24,25], as VEGF is not the only
protein involved in angiogenesis. Therefore, inhibiting two or more angiogenic molecules
could be more beneficial.
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The bad: anti-VEGF agents target VEGF, the endogenous pleiotropic
growth & survival factor

The VEGF gene superfamily consists of at least five ligands summarized in Figure 1: PIGF,
VEGF-A to -D, parapoxvirus-derived VEGF-E and snake venom-derived VEGF-F, the latter
two showing a lower degree of homology (reviewed in [9]). VEGF-A, hereafter denoted
VEGF, is vital for normal vessel development, and knockout of one allele leads to mice that
do not live beyond embryonic day 12 owing to a defective vascular development [26,27].
The different ligands bind specifically to either one or two of the three VEGF receptors
(VEGFRs). VEGF binds VEGFR-1 and -2, which are found mainly on endothelial cells.

VEGFR-1 has a modulator role during embryogenesis, as knockout leads to overgrowth of
endothelial cells [28,29] but a positive role in inflammation [30,31] and cancer growth [32],
as it appears to have a more widespread expression that initially described. Soluble
VEGFR-1 has a possible decoy effect [33, 34] and is increased in serum from pregnant
women suffering from pre-eclampsia, manifesting itself with hypertension and proteinuria
[35,36].

VEGFR-2 is the main transducing receptor for VEGF, and VEGFF-2 knockout mice show
defective vasculogenesis and die during embryo day E8–8.5 [37]. Expression has also been
found on some hematopoetic cells [30, 38], neuronal cells [39-41], osteoblasts [42], retinal
progenitor celles [43] and megakaryocytes [44], indicating that VEGF is not solely an
endothelial factor acting in a paracrine fashion.

Indeed, although the evidence that VEGF is expressed in vivo by endothelial cells is modest,
a recent study has shown that autocrine endothelial cell VEGF is required for the
homeostasis of blood vessels in the adult animal, since genetic deletion of VEGF
specifically in the endothelial lineage lead to progressive endothelial degeneration and
sudden death in half of the animals at 6 months [45]. Furthermore, homozygous cell-specific
VEGF knockout in visceral glomerular epithelial cells, for example, results in perinatal
mortality, and heterozygous podocyte VEGF knockout resulted in renal disease
characterized by proteinuria and endotheliosis [46]. The above studies suggest that
endogenous VEGF expression has some crucial physiological role in the normal state.
Paradoxically, this may be to inhibit angiogenesis (through VEGFxxxb isoforms, see below),
and in effect to maintain the status quo, that is, a state of cell survival in the absence of new
vessel formation, since VEGF isoforms of both families have been shown to be
cytoprotective. VEGF165 is a survival factor for podocytes [47], and work in these
laboratories has also investigated the effect of VEGF165b on epithelial cells, in particular,
conditionally immortalized visceral glomerular epithelial cells (podocytes), retinal
pigmented epithelial cells and colonic adenoma cells, as well as endothelial cells
[Magnussen A, Rennel ES, Hua J et al. VEGF165b is anti-angiogenic but cytoprotective in
the retina – potential in diabetic retinopathy. Manuscript submitted]. In all four of these
primary or minimally transformed noninvasive cell types, VEGF165b acts as a survival
factor, decreasing cytotoxicity and reducing apoptosis, indicating that VEGF165b exerts
powerful prosurvival signals in multiple cell types [48, 49].

The complicated: splicing of VEGF & contrasting effects
In 2002, another subfamily of VEGF protein was identified, which was generated by exon 8
C-terminal distal splicing, leading to a six amino acid substitution (CDKPRR to SLTRKD).
The first family member to be verified and studied was VEGF165b [50], and with the recent
finding that VEGF121b exists, there is an indication that there is a whole sister family of
VEGF isoforms [Rennel ES, Varey AHR, Churchill AJ et al. VEGF121b, a new member of
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the VEGFxxxb family of VEGF-A splice isoforms inhibits neovascularisation and tumour
growth in vivo. Manuscript submitted].

VEGF165b shows a 96% homology with VEGF165 and binds VEGFR-1 and -2 with similar
affinity, but it has a fundamentally different effect. By studying the two amino acid
sequences and the crystal structures of VEGF165 fragments, three structural changes have
been identified that can impact on function. Firstly, VEGF165b has an odd number of
cysteine residues, leading to reduced C–C bonding. Secondly, a lack of an arginine residue
leads to an overall reduced positive charge in VEGF165b. Thirdly, there is a different shape
to the backbone of the C terminus in VEGF165b, as it lacks a proline residue. The C-terminal
six amino acids are also important for heparin sulfate proteoglycan (HSPG) and Nrpl
binding. VEGF165b is unable to bind to heparin and similar HSPGs, even though it contains
the HSPG-binding exon 7, probably due to the altered 3D structure [51,52]. The coreceptor
Nrp1 is implicated for full activation of VEGFR-2, and VEGF165b does not bind Nrp1.

These data together indicate that VEGF165b cannot fully assembly the VEGFR-2/Nrp1
complex [51,52], leading to a partial rotation of the intracellular domain of VEGFR-2 [53].
This results in reduced phosphorylation of intracellular tyrosine residue 1054 on VEGFR-2
[52] and a weaker and transient phosphorylation of downstream ERK1/2 [51].

Of interest is that VEGF159, which is engineered to lack both sets of the last six amino acids,
is neither pro- nor anti-angiogenic [51], and a peptide of the terminal six amino acids of
VEGF165b is unable to inhibit VEGF165-induced endothelial migration [Rennel ES et al.
Manuscript Submitted]. This indicates that exon 8a, the common exons 1–5 and the 3-D
structure are all vital for the angiogenic function of VEGF.

This partial activation of VEGFR-2 leads to a competition whereby VEGF165b inhibits
VEGF165-induced processes such as migration, proliferation in endothelial cells in vitro
[50,54,55] and vasodilation ex vivo [50], but is still able to stimulate survival signaling, In
vivo, VEGF165b counteracts VEGF165 by inhibiting angiogenesis in the rat mesentery [55],
physiological angiogenesis in mammary tissue in transgenic mice [56], vessel in-growth into
implanted chambers in mice [51] and angiogenesis in the rabbit corneal eye pocket model
[55]. VEGF165b is anti-angiogenic in embryonic stem cell systems [52] – implanted
Matrigel™ plugs in mice [52] or chick chorioallantoic membrane assay [51]. In addition,
VEGF165b does not increase chronic microvascular permeability [57], and induces reduced
glomerular endothelial cell monolayer permeability in vitro [48]. This indicates that
VEGF165b acts as a partial activator – it is an antagonist of the angiogenic processes
stimulated by VEGF165, but it has similar cytoprotective functions to VEGF165.

Overexpression of VEGF165b in tumor cells delays the growth of melanoma [55], Ewing
sarcoma [58], prostate [58], colon [49] and kidney cancers [58]. Administration of
recombinant VEGF165b also inhibits the development of established colon tumors when
administrated either as a subcutaneous or intraperitoneal injection [54]. Recombinant
VEGF165b and VEGF121b inhibits hypoxia-induced retinal angiogenesis in mouse models of
retinopathy of permaturity by reducing the proliferative neovascularization. [59; Rennel ES
et al. Manuscript Submitted].

Splicing, tumor prognosis & disease
Approximately three out of four human genes are spliced to generate two or several proteins,
sometimes with different, even antagonistic properties, cellular localization and degradation
potentials [60,61]. Splicing is a highly regulated process and can be regulated by external
stimuli, hormones, immune response and cellular stress, but the detailed mechanisms of
splicing regulation are still in the process of being elucidated for most genes. The
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spliceosome is a macromolecular complex made up of several hundred components, and it
recognizes specific splice sites, facilitates protein interactions and splicing (reviewed in
[62,63]). Splicing dysregulation has been implicated as a cancer-causing (oncogenic),
cancer-progressing and cancer-invasive process (reviewed in [64,65]), and splice variants of
several genes have been identified in large screens involved in breast and ovarian cancer
[66,67]. These include VEGFR-3 splice variants found in metastatic prostate tumors and
lymph node metastases [68], and several splice variants of the commonly mutated p53 [69].

VEGF expression is induced by hypoxia, growth factors/cytokines and oncogenes, but how
VEGF splicing is controlled is not yet fully understood. In human normal colon tissue,
approximately 90% of the total VEGF is VEGFxxxb, and upregulation of VEGFxxx was seen
in colorectal carcinoma compared with adjacent normal colon [49]. VEGF165 is known to be
cytoprotective, and the same has been seen for VEGF165b. Moreover, overexpression of
VEGF165b in tumor cells slowed tumor growth, but also inhibited the effect of the anti-
VEGF antibody bevacizumab, suggesting that the outcome of VEGF therapies and side
effects may be dependent on the VEGFxxx:VEGFxxxb ratios [49]. In another set of colon
cancer patients, an association was observed between low VEGF165b levels and later stage
cancers with vascular invasion and lympth node metastasis [70].

A similar switch towards VEGFxxx by tumors to increase angiogenesis has been observed at
the mRNA level in prostate [58], renal [50] and bladder cancer, and at the protein level in
bladder cancer [Harper SJ, Bates DO. Unpublished Data]. Immunohistochemical analysis of
primary melanoma revealed a lower expression of VEGFxxxb in patients with distant
metastases compared with melanomas that did not metastasize [71]. Moreover, increased
VEGF189b expression was seen after treatment with chemotherapeutic agents, raising the
possibility that resistance to therapy may also be associated with altered VEGF splicing
[72].

An altered VEGFxxx:VEGfxxxb ratio has also been seen in other disease states dependent on
increased angiogenesis. A reduction in VEGFxxxb ratios was seen in patients suffering from
diabetic retinopathy compared with nondiabetics [73]. Reduced levels of VEGFxxxb were
found in pre-eclamptic placenta compared with normal placenta [74], and at 12 weeks
gestation VEGFxxxb levels were reduced in women who later developed pre-eclampsia,
indicating that plasma levels of VEGFxxxb can be used as a clinical marker for increased
risk of pre-eclampsia [75]. Denys–Drash syndrome is mainly caused by mutation in the
Wilms’ tumor-1 (WT-1) gene, and is a rare syndrome leading to renal failure and increased
risk for Wilm’s tumor. Podocytes from these patients expressed VEGF165, but lacked
VEGF165b expression [76].

These data indicate that there can be a splice switch towards VEGFxxx in angiogenic-
dependent disease states. With this comes two possibilities for novel therapies. The first is to
use instead of bevacizumab an antibody that specifically binds exon 8a and would therefore
only inhibit the angiogenic isoforms (exon8amab). This refinement in the binding
specificities would perhaps to some degree circumvent the side effects seen with
bevacizumab, as the cytoprotective VEGF165b would still be intact as only the angiogenic
isoforms would be bound. The second possibility is to develop small molicular inhibitors
that could change splicing towards VEGFxxxb in vivo and thereby reduce abgiogenesis. This
would result in a change in the disease phenotype or reduction of tumor growth and
progression. Figure 2 illustrates VEGF from gene to function, and the possibilities in
regulating all or specific VEGF isoforms.
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Can VEGF splicing be regulated?
If a balanced ratio of VEGFxxx:VEGFxxxb could be important, what external factors and
splice factors affect splicing, and what happens if these are altered? The growth factors
IGF-1 and TNF-α were shown to stimulate VEGFxxx mRNA and protein production,
whereas TGF-β1, on the contrary, could stimulate VEGFxxxb expression [77]. The serine–
arginine-rich (SR) protein kinase, SRPK 1/2, phosphorylates the splicesome component
ASF/SF2 [78-80], and inhibition of SRPK 1/2 kinase activity using SRPIN 340 [81], inhibits
ASF/SF2 nuclear localization and reduced IGF-1-induced VEGFxxx expression [Nowak DG
et al. Manuscript Submitted]. Similarly, intraocular injection of the SRPK1/2 inhibitor
SPRIN340 reduced neovascularization in the oxygen-induced retinopathy model [Nowak
DG et al. Manuscript Submitted]. SRPIN 340 is an isonicotinamide compound originally
found to show antiviral effect by inhibiting SRPK1/2 activity, and downregulating SRp75,
leading to reduced HIV infection of cells [81].

TGF-β1-induced splicing towards VEGFxxxb isoforms is regulated by p38 MAPK and
CDC-like kinase (Clk-1) splice factor family [77]. Overexpression of several splice factors
revealed that SRp55 that can be phosphorylated and regulated by Clk-1, could increase
VEGFxxxb protein expression. Furthermore, knockdown of SRp55 reduces VEGFxxxb
expression [77]. This is some of the first evidence relating to how VEGFxxx/VEGFxxxb
splicing is regulated, and how small molecular inhibitors can be used to change the splicing
towards VEGFxxxb and thereby reduce neovascularization.

Future perspective
It is beginning to become clear that aberrant splicing is involved in cancer and cancer
progression, but there are still major questions outstanding. An increase in SR proteins has
been seen in breast [82], lung [83] and ovarian [84] cancers. More specifically, the splice
factor ASF/SF2 is upregulated in various tumors, partly due to amplification of the gene
[84-86]. SRp55 is involved in FGFR-1 splicing [87], and aberrant splicing of FGFR-1 is
associated with pancreatic [88] and breast cancers [89] and glioblastoma [90]. Increased
expression of SRPK1/2 has been observed in pancreas, breast and colon cancer, and
knockdown of SRPK1 increased the response to chemotherapy [91,92], but the mechanism
of action is unknown. This leads to the question of whether dysregulated splicing is a cause
or an effect of cancer? How specific are different splice factors and splicesome components,
and would multiple proteins be affected? Would inhibitors to specific splice events be
specific for the cancer cells or would they also affect normal tissues and development, and
would that lead to possible side effects? It is not yet clear whether splicing factors inhibitors,
or modulators of their regulatory proteins (e.g., SR protein kinase inhibitors) can inhibit
tumor growth, although recent data suggests that they may be potentially therapeutic in
ocular angiogenesis [Nowak DG et al. Manuscript Submitted]. In addition, little is known
about what effects this has on other molecules that can be spliced and involved in
angiogenesis.

An alternative approach could be to use short morpholino antisense oligonucleotides to
change VEGF splicing. This method has been used in a mouse model for myotonic
dystrophy, where morpholino antisense oligonucleotides were able to restore the defective
splicing of a chloride channel [93]. Similarly, alternative splicing of FGFR-1 is found in
human glioblastoma, and this defective exon skipping was reduced by morpholino
oligonucleotides [94].

Comparing anti-VEGF treatment with the possible use of recombinant VEGF165b or small
molecular inhibitors that change VEGF splicing towards VEGFxxxb indicates that
VEGF165b would have a more beneficial effect, as the cytoprotective benefits of VEGF
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would be maintained but the angiogenic potential is removed. In some instances, such as
AMD or diabetic retinopathy, systemic delivery or topical administration of small molecules
may be possible instead of intraocular injection.

The advantages of generating endogenous anti-angiogenic agents by altering splicing
include:

• Increased normal cell survival by increasing endogenous survival factors while
inhibiting tumor angiogenesis;

• Pleiotropic effects of other splicing pathways common to tumorigenesis, including
altering VEGFR function by altering VEGFR splicing, hijacking the tumors own
hypoxic response to be more anti-angiogenic;

• The lack of a direct effect on transcription in nontumor tissues.

It has been suggested that, on the contrary, targeting splicing will be nonspecific, toxic and
likely to affect normal physiological function. However, there appear to be a collection of
splicing factors that are much more involved in cancer splicing, and recent data using
systemic administration of high doses of splicing factor kinase inhibitors show that they
have low toxicity [95].

In summary, whereas the anti-angiogenic therapies of the past have been nonspecific anti-
VEGF agents, it is now clear that specifically targeting the pro-angiogenic signaling of
VEGF and its receptors would be a better therapeutic approach than inhibition of both the
benerficial and pathological pathways. A further development, and future oncological
therapy, could be to target the splicing factors and their kinases that regulate VEGF and
other cancer-involved splicing processes.

Executive summary

VEGE-A:splicing of the gene generates proteins with pleiotropic functions

• Alternative splicing in the C-terminal of vascular endothelial growth factor-A
(VEGF-A) leads to a six amino acid substitution.

• VEGFxxx induces angiogenesis, Whereas VEGExxxb is a partial agonist of
VEGFR, unable to induce angiogenesis, but inhibits VEGF165-induced
angiogenic processes.

• VEGFxxxb is cytoprotective and the relative level of VEGFXXXb is high in
normal tissues and is reduced in canacer.

• VEGF splicing can be regulated by growth factors and alternative splice factors.

VEGF treatments today & in the future

• Interrupting VEGF/VEGFR to reduce angiogenesis has moved into the clinic to
treat a range to tumor types and eye disease, but not without varied response
rates, side effects and resistance.

• Focusing on splicing and how this can be altered in vivo is a promising
treatment target. Intial experiments show that affecting VEGF splicing is able to
reduce neovascularization in the eye.

• Splicing control may be a novel anti-angiogenic strategy.
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Figure 1. The VEGF superfamily and its receptors in humans
The VEGF superfamily members are expressed by genes found on different chromosomes,
and many of them are spliced to generate a multitude of ligands. PIGF is spliced into at least
two isoforms and binds VEGFR-1. VEGF-B is also spliced into two isoforms that are
VEGFR-1-specific ligands. VEGF-A mRNA can be spliced into two families of isoforms
where the family members only differ in the last six amino acids able to bind VEGFR-1 and
VEGF-C and VEGF-D bind VEGFR-3, but proteolytic cleavage can generate ligands that
can bind VEGFR-2 as well.
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Figure 2. VEGF:from gene to function and the possible inhibition at the different levels
VEGF is upregulated by a variety of processes and growth factors. Hypoxia stabilizes
HIF1α, enabling it to bind to the HIF1β subunit and induce VEGF transcription. The
inhibitor PX-478 inhibits HIF1α protein levels and activation, thereby reducing VEGF
transcription and tumor growth in mouse models [96]. The recent focus has been on
naturally occurring microRNA that can bind to mRNA, leading to degradation. Some
putative miRNA have been found regulating VEGF mRNA [97], and future studies might
reveal specific miRNA influencing the expression of angiogenic and anti-angiogenic
isoforms. The splicing machinery involves several components and a subset of splice factors
that can alter VEGF splicing [77]. SRPK1/2 kinase inhibitors [81] reduce VEGFxxx mRNA
and protein production [Nowak DG, Amin EM, Rennel ES et al.: Regulation of VEGF
splicing from pro-angiogenic to anti-angiogenic isoforms - a novel therapeutic strategy for
angiogenesis. Manuscript Submitted], whereas Clk SR kinase inhibitors block
phosphorylation of splice factors SRp55 and SRp75 [98] and can reduce VEGFxxxb
expression [77]. Splicing of the pre-mRNA leads to splicing in the C-terminal, generating
two distinct isoform families, VEGFxxx or VEGFxxxb. Most anti-VEGF treatments against
the VEGF protein are unable to distinguish between the VEGF isoforms, but the generation
of a VEGFxxx isoform-specific antibody, Exon8a-mAb, would remove the angiogenic
effects, but possibly maintain the cytoprotective effects of VEGFxxxb. VEGF165b protein
has been shown to compete with VEGF165 for binding to its receptors [54,55]. The
VEGR-2-specific antibody DC101 inhibits VEGF binding to VEGFR-2 [99], and inhibits
downstream signaling and effects. An alternative way to inhibit VEGFR function is by small
molecular inhibitors such as sorafenib and sunitinib, but these tyrosine kinase inhibitors do
not only inhibit VEGR function, but also similar tyrosine kinase receptors. Ovals represent
pharmacological inhibitors, boxes represent antibody or modified antibody fragments,
diamonds represent RNA-based constructions, and hexagons represent proteins.
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