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1. Introduction 

1.1. Review of Literature 

 In vasculogenesis, a basic network of blood vessels is formed; through angiogenesis, this 

basic network is remodeled to form distinct veins, arteries, and capillaries. Many genes and 

signaling pathways are involved in these processes, but a most central role is played by vascular 

endothelial growth factor (VEGF) and its receptors, which are required for both vasculogenesis 

and angiogenesis. In vasculogenesis, VEGF stimulates angioblasts (the progenitors of blood 

vessels) to differentiate and multiply into endothelial tubes (which line the blood vessels). In 

angiogenesis, VEGF acts on the new capillaries by inducing the expression of proteases that in 

turn bring about loosening of the contacts between cells, by degrading the extracellular matrix. 

These split and exposed areas allow for new vessels to form and for existing vessels to merge 

into arteries and veins. Ultimately, a mature capillary network is formed (Gilbert, 2006). 

 In embryos, the vascular system produced by angiogenesis provides developing organs 

with nutrients and oxygen. As organs continue to grow after birth, angiogenesis still plays an 

important role (Risau, 1997). By adulthood, the role of angiogenesis is mostly limited to areas of 

vascular remodeling (ovaries, hair follicles) and wound healing (Dor et al., 2003). 

Neoangiogenesis has been associated with over seventy disorders, such as obesity, asthma, 

diabetes, MS, AIDS, and autoimmune diseases (Carmeliet, 2005). However, the two most 

prevalent diseases where neoangiogenesis plays a very important role and are currently areas of 

therapeutic focus research are cancer and macular degeneration. As a tumor grows in size, it 

becomes hypoxic, and starts to express the proangiogenic factor VEGF. Consequently, new 

vessels grow into the tumor, a process frequently referred to as tumor angiogenesis (Liao and 

Johnson, 2007). 
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VEGF receptors are part of a family of receptors called receptor tyrosine kinases. There 

are three VEGF receptors: VEGFR1, VEGFR2, and VEGFR3. VEGFR3 is involved in 

lymphangiogenesis, while VEGFR1 and VEGFR2 are involved in vasculogenesis and 

angiogenesis. Of the two, VEGFR2 is more important, playing a primary role in vasculogenesis, 

and all steps of angiogenesis (Figure 1); VEGFR1 and other genes (such as Tie-1 and Tie-2) do 

not play a major role until early angiogenesis. Mice that are homozygous-null (knockouts) for 

VegfR2 lack vasculature. On the other hand, in VegfR1 knockout mice, more vessels develop, and 

VegfR3 knockout mice lack lymphatic vessels (Adams and Alitalo, 2007; Risau, 1997). 

Due to the significant role that angiogenesis plays in tumor growth, inhibiting 

angiogenesis has become of high interest in cancer treatment in the past fifteen years. Indeed, 

VEGF is considered an excellent target for anti-angiogenic therapy because its suppression 

appears to be able to affect disease-related angiogenesis while not harming normal vessels. There 

are currently several major drugs targeting VEGF or VEGF signaling.  Examples include the 

anti-VEGF antibody Avastin (developed by Genentech) and RTK inhibitors which target VEGF 

receptors, such as Sorafenib (Bayer, Onyx) and Sutent (Pfizer). Other drugs under development 

are Vatanalib (Novartis, Schering AG), which blocks all three VEGF receptors; antibodies 

against VEGFR2 and VEGFR1 (ImClone); and a VEGF trap (Regeneron Pharmaceuticals) 

(Carmeliet, 2005; Sato et al., 2007). However, none of these drugs achieve complete blocking of 

tumor angiogenesis, and research suggests that a multi-target approach (i.e. targeting multiple 

factors that regulate angiogenesis, not just VEGF) may be more effective (Strieter, 2005). 
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Figure 1. VegfR2 is involved in every stage of vessel formation (until the last step of maturation and remodeling). 
For details see (Risau, 1997). 
 

1.2. Brief description of approach 

It appears that blocking the activity of genes required for neoangiogenesis could 

potentially constitute a very promising treatment for the many diseases where “abnormal” 

angiogenesis plays a key role.  These diseases include cancer and macular degeneration. In order 
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to validate potential new drug target genes as well as to test pharmacological reagents with pro- 

or anti-angiogenic potential, it would be beneficial to develop an in vitro system that 

recapitulates angiogenesis. The advantages of such an in vitro system are that it would minimize 

experimentation on mice by providing a first-pass surrogate screening platform, would be faster 

than the generation of appropriate cohorts of genetically modified mice, would allow the 

observation of specific steps of the process as well as their perturbation, and would facilitate high 

throughput screening of compounds and genes if it can be automated. Therefore, the main 

objective of this research was to develop an in vitro method to assess the role of different genes 

in angiogenesis—first validating it with genes that have well-established roles in angiogenesis, 

such as VegfR2 (Shalaby et al., 1997; Adams and Alitalo, 2007). Mouse embryonic stem cells 

were utilized because of their totipotency; the availability of standardized, high throughput 

methods to genetically modify them, usually without affecting their ability to differentiate into 

multiple cell lineages (Valenzuela et al., 2003); and because of their ability to undergo all the 

steps resulting in sprouting angiogenesis (Feraud et al., 2001; Hermant et al., 2007). The genetic 

modifications utilized were either null or conditional-null alleles (though in principle any genetic 

modification or pharmacological intervention can be tested in this system)1. 

                                                            

1 Null alleles are typically engineered by either ablating the expression of the gene of interest (commonly referred to 

as the “target gene”) or by deleting the target gene or part of the target gene while simultaneously introducing the 
coding sequence of a marker gene such as LacZ (which simplifies visualization of the places where the promoter of 
the target gene is active) and a drug selection cassette such as Neo or Hyg.  Conditional-null alleles are alleles that 
are engineered in a manner such that they become null only after another signal has been supplied.  There are 
several types of conditional-null alleles.  For the work described here, COIN (Conditional by Inversion) alleles are 
utilized.  They can be turned into null alleles only after recombination by the recombinase Cre, in this work a 
Tamoxifen-inducible version of Cre, namely CreERt2 (Feil, R., Wagner, J., Metzger, D., and Chambon, P. (1997). 
Regulation of Cre recombinase activity by mutated estrogen receptor ligand-binding domains. Biochemical and 
biophysical research communications 237, 752-757.).  In addition they are engineered in a manner such that the 
inversion event not only renders the target gene null, but also replaces it with another marker gene, eGFP. 
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The ES cells were differentiated into embryoid bodies in vitro. The embryoid bodies were 

subsequently induced to differentiate into endothelial cells and tested for their ability to form 

PECAM-positive (PECAM+) vessels, an indication of successful differentiation to vascular 

endothelial cell lineage and sprouting angiogenesis. Three genetically related lines, all derived 

from a common ancestor (Valenzuela et al., 2003), were tested in parallel. Analysis was done 

with anti-PECAM staining, to follow the state of differentiation of the cells; and genotyping by 

PCR, to verify the extent of inversion of the COIN alleles where applicable. As an endpoint, the 

conversion of cells to PECAM+ cells and the degree of sprouting of the different cell lines was 

compared. 

1.3. Hypothesis 

Hypothesis: The central hypothesis of this work is that genetically modified ES cells coupled 

to an in vitro differentiation system for angiogenesis provide a good surrogate ex vivo model to 

study the pathways and genes that participate in and modify that process. Four related questions 

were addressed: 

a. Are genetically modified ES cells appropriate for use in in vitro differentiation assays – can 

these cells still differentiate into endothelial cells after repeated genetic manipulation? 

b. Does 4-OH-Tamoxifen (from hereon referred simply as “Tamoxifen”) – the pharmacological 

reagent required to activate the recombinase CreERt2 that brings about inversion of COIN 

elements, thereby rendering COIN alleles null – have any impact on sprouting angiogenesis 

(besides the intended genetic modifications)? 

c. Similarly, does activation of CreERt2 and/or expression of the marker eGFP affect the ability 

of an ES cell line to differentiate into vasculature? 

d. And finally, is VegfR2 required for angiogenesis? 
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1.4. Brief description of results 

 All of the ES cell lines tested were able to differentiate into PECAM+ cells (in response 

to addition of VEGF in the culture media), and to do so independent of their VegfR2 genotype 

status, treatment with 4OH-Tamoxifen, activation of Cre, and expression of eGFP. In addition, it 

is shown that lines that either are or are induced to become homozygous-null for VegfR2 cannot 

give rise to sprouts, whereas lines that are either wild type or heterozygous-null for VegfR2 

undergo sprouting. In addition, sprouting appears to be unaffected by treatment with Tamoxifen 

and activation of CreERt2, indicating that both the genetic and pharmacological manipulations 

employed in this protocol are innocuous with respect to sprouting.  Therefore, this preliminary 

set of experiments indicates that this method may indeed present a reliable in vitro alternative to 

experimentation in laboratory animals, opening the field to the possibilities discussed in 1.1. An 

additional observation obtained here is that in contrast to published data describing a lack of 

endothelial cells in mice that are homozygous null for VegfR2 (Shalaby et al., 1997), ES cells 

that are VegfR2-/- appear capable of maturing to endothelial-like, PECAM+ cells, which are 

however incapable of organizing into sprouts. 

 

2.  Methods 

2.1. Cell lines 

The ES cell lines utilized were produced in the mentor’s lab for other experiments. They 

were generated by sequential targeting of a standard ES line, F1H4 (Figure 2) (Valenzuela et al., 

2003). They are 2192VB12 (VegfR2LacZ/COIN ROSA26CreERt2/+), 2192BH1 (ROSA26CreERt2/COIN), 

and 1432AA2 (VegfR2LacZ/LacZ).  
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Figure 2. Schematic depiction of the lineage of the ES cell lines used in this study.  All lines were derived by 
sequential targeting of ES cell line F1H4.  For the cell lines where VegfR2 was modified, in the first step, one copy 
of the VegfR2 gene was knocked out and simultaneously replaced by LacZ, to derive line 582CE6.  This line was 
used to introduce a COIN allele of VegfR2 ultimately leading to line 2192VB12 that was used in these experiments 
(Economides et al, in preparation). 582CE6 was used to generate 1432AA2 by knocking out the other allele of 
VegfR2.  Similarly, F1H4 was used to generate 2192BH1 in two consecutive targeting steps.  Key to genotypes: 582 
= VegfR2LacZ(Neo), 1432 = VegfR2LacZ(Hyg), 1200 = VegfR2COIN(Hyg), 1345 = VegfR2COIN, 2154 = ROSA26COIN, 2192 = 
ROSA26CreERt2. Note that for the shake of brevity and clarity, the Neo and Hyg designations (denoting the drug 
selection cassettes employed during targeting for engineering the aforementioned alleles) are not used in the main 
text. 

2.2. Cell Culture 

ES cells were cultured according to the ES-Cult Protocol provided by Stemcell 

Technologies, which was also the source of all the tissue culture reagents utilized. The 

differentiation protocol is schematically depicted in Figure 3. At the methylcellulose step, 4-OH-

Tamoxifen (Sigma) was added to the medium for half of the dishes at 32.3 pM2. The double-

                                                            

2 Prior work has established that 32.3pM 4-OH-Tamoxifen is sufficient to bring about complete inversion of COIN 

alleles in ES cell lines that are also ROSA26CreERt2 (data not shown). 
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chambered glass slides (collagen step) were placed with one dish of water in a 15 cm plate, to 

minimize changes in medium consistency that may come about if there is evaporation. 

 

Figure 3.  ES cells were seeded into methylcellulose and allowed to differentiate into embryoid bodies over 9 days, 
in the presence of VEGF.  The embryoid bodies were then transferred to collagen media that, together with VEGF 
and other factors, supports sprouting. 4OH-Tamoxifen (32.3 pM) was added at the start of the experiment, but was 
removed at the time of transfer of the embryoid bodies to collagen. 

2.3. Staining 

The immunohistochemical methods utilized in this study were as described (Gale et al., 

2002). 

2.4. Genotyping 

To access the degree of conversion of COIN alleles to null alleles, DNA was isolated 

from cells collected prior to the collagen step.  The genomic DNA was isolated as described in 

http://www.protocol-

online.org/prot/Molecular_Biology/DNA/DNA_Extraction___Purification/DNA_Extraction_fro

m_Cell_and_Tissue/. The state of COIN alleles (unmodified versus null) was determined using 

Polymerase Chain Reaction (PCR) utilizing the ExTaq DNA polymerase (TaKaRa).  The 
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presence of a non-inverted (unmodified) COIN allele was detected using primers INVdiaF2 (5’ 

CACTTTCTACTCTGTTGAC 3’) and INVdiaR2 (5’ CCTTACATGTTTTACTAG 3’).  The 

PCR conditions are 95oC for 4 min to denature the DNA, followed by 35 cycles of 95°C/1min, 

55°C/45sec, and 72°C/45sec.  The expected product for non-inverted COIN alleles is 338 bp. An 

example of this can be seen in Figure 5 where the size of the band is marked by a blue arrow and 

can be seen in lanes 4, 6, 7, and 8 of panel B. The presence of an inverted (null) COIN allele was 

detected using primers INVdiaR2 (5’ CCTTACATGTTTTACTAG 3’) and INVdia.R4 (5’ 

CTCAGAGTATTTTATCCTCATCTC 3’). The PCR conditions are 95oC for 4 min to denature 

the DNA, followed by 35 cycles of 95°C/1min, 50°C/45sec, and 72°C/45sec.  The expected 

product for inverted COIN alleles is 300 bp.  An example of this can be see in Figure 5 where the 

size of the band is marked by a red arrow and can be seen in lanes 4, 6, and 7 of panel A. 

2.5. Photodocumentation  

Pictures were taken using a Colorview Soft Imaging System camera and AnalySIS program, 

under 2.5x magnification with a Zeiss Axioskop 2 Plus microscope.  

 

3.  Results 

The method of in vitro angiogenesis developed by Feraud and coworkers (Feraud et al., 

2001; Feraud et al., 2003; Feraud and Vittet, 2003) was adapted to F1H4-derived ES lines and 

tested in a series of initial experiments to address a series of technical and scientific objectives:  

a. Test the possibility of utilizing genetically modified ES cells for in vitro differentiation 

assays – are such cells capable of differentiating into endothelial cells even though they have 

been repeatedly manipulated to introduce modifications into their genomes? 
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b. Test the effect of pharmacological agents such as Tamoxifen, which will be utilized 

extensively to convert conditional-null alleles, such as COIN alleles, to the corresponding 

null alleles. 

c. Test the impact of CreERt2 and GFP activation – do these affect sprouting angiogenesis? 

d. Test the role of VegfR2 in angiogenesis. This has been studied extensively using genetically 

modified mice, and therefore provides a reliable proof-of-principle case for testing the 

validity of this in vitro system in reflecting the in vivo situation.   

3.1. Neither Tamoxifen nor activation of Cre adversely affects the ability of ES cells to 

differentiate and undergo sprouting 

Since Cre recombinase has been reported to have deleterious effects on cells (Schmidt-

Supprian et al., 2007), the possibility that it may impact sprouting was tested in an ES line in 

which the components of the VEGF pathway have not been modified. 2192BH1 is such a line 

since it has the genotype ROSA26CreERt2/COIN, where CreERt2 is a Tamoxifen-inducible Cre, and 

the COIN allele is a Cre-responsive allele, which upon activation of Cre rearranges in a manner 

such that expression of ROSA26 is replaced by the marker gene eGFP. This effect is a result of a 

permanent genetic modification, brought about by activated CreERt2 to the COIN allele. Since 

the induction involves treatment with Tamoxifen, it is possible that abrogation of angiogenesis or 

any other, perhaps deleterious, effects observed may be unrelated to Cre and brought about by 

the pharmacological treatment, or by a combination of both. However, since the protocol utilized 

here is exactly that utilized to test multiple other ES lines, the comparison is valid, as it tests 

simultaneously all three experimental parameters common to the ES cell lines harboring COIN 

alleles (Tamoxifen, activation of Cre, and expression of eGFP).  In this sense, it provides a 
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reliable negative control for possible adverse effects of the combined effects of Tamoxifen and 

Cre, which are crucial elements of this protocol.  

The effect of Tamoxifen on the genotypes of the ES lines is depicted in Figure 4. For 

2192BH1, treatment with Tamoxifen results in inversion of the COIN element and generation of 

cells that are essentially homozygous-null for ROSA26 (ROSA26CreERt2/eGFP). However, since 

mice that are ROSA26-/- are normal (Zambrowicz et al., 1997), it is unlikely that this will have 

any phenotypic impact on sprouting. Note that the VegfR2 gene is not modified in 2192BH1 and 

that this line has been utilized to generate mice (data not shown). 

 

Figure 4.  Schematic depiction of the genotypes of the ES cell lines utilized in this study.  Only the modified loci 
are shown. The genetic modifications brought about by induction of Cre activity (via activation of CreERt2 by 
Tamoxifen) are depicted and listed. 
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As can been seen in Figure 5, the treatment of 2192BH1 was not very efficient in 

inverting the COIN allele in this line (compare lane 4 with lane 6 in panel A). Indeed, the 

genotyping assay in Figure 5B indicates that there is at most ~50% inversion (compare lane 6 

with lane 7). However, this assay is not very quantitative and thus it is difficult to define with 

precision the degree of inversion.   

 

Figure 5.  PCR-based genotyping of COIN alleles.  Since all the COIN alleles employed in this study are comprised 
of an identical central element (Aris N. Economides, in preparation), the same assay was utilized.  A. Assay 
diagnostic for the inverted (‘post-Cre’) version of COIN alleles. A band of 338bp indicates a positive result – its 
position is indicated by a read arrow.  B. Assay diagnostic for the unmodified (non-inverted or ‘pre-Cre’) version of 
COIN alleles. A band of 300bp indicates a positive result – its position is indicated by a blue arrow. In both panels, 
sample C is a control DNA sample that contains a mixture of inverted and non-inverted COIN alleles.   

 

Histological examination of 2192BH1 that had been taken through the protocol outlined 

in Figure 3 revealed that neither the treatment with Tamoxifen nor the induction of Cre had any 

adverse effects on the ability of 2192BH1 cells to take on an endothelial identity and to form 

vessels (Figure 6A, D).  This result has been repeated in four independent experiments (data not 

shown) and therefore bodes well for the use of F1H4-derived ES lines to test the effects of 

different genetic modifications on differentiation towards endothelial cells and their ability to 
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organize into vessels. Notably, Tamoxifen treatment of the parental ES cell line, F1H4 (which 

does not carry Cre), had no effect on sprouting (data not shown), indicating that Tamoxifen 

treatment does not affect the ability of ES cells to respond to VEGF and differentiate into 

endothelial cells that can organize into vessels. 

 

Figure 6.  PECAM staining of ES lines differentiated as described in Figure 3. A, D. 2192BH1 (VegfR2+/+ 
ROSA26CreERt2/COIN). B, E. 1432AA2 (VegfR2LacZ(Neo)/LacZ(Hyg)). C, F. 2192VB12 (VegfR2LacZ(Neo)/COIN 
ROSA26CreERt2/+). 

 

3.2. VegfR2 is required for sprouting but not required for differentiation of ES cells into 

endothelial cells 

As an initial step to test the responsiveness of a different COIN allele – that of VegfR2 – 

to Tamoxifen, and simultaneously to revisit an old question — the role of VegfR2 in 

angiogenesis — the 2192VB12 (VegfR2LacZ/COIN ROSA26CreERt2/+) cell line was utilized and 

compared with the 1432AA2 (VegfR2LacZ/LacZ) cell line.  These two cell lines have been derived 
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from in the same parental ES line (Figure 2). 1432AA2 is homozygous null for VegfR2 and thus 

provides the optimal control line corresponding to the maximal possible effect of Tamoxifen in 

line 2192VB12.  As can be seen in Figure 6 (compare panels B and E with the A and D for 

2192BH1), 1432AA2 was devoid of any sprouting, although PECAM-positive cells did form.  

This indicates that VegfR2 signaling is not required for the differentiation of ES cells into 

endothelial cells, but it is required for their organization into vessels. It is interesting that this 

result contrasts published observation in mice that are homozygous-null for VegfR2 (Shalaby et 

al., 1997), and in fact in which the genetic modification rendering them VegfR2-/- is identical to 

that used here. A possible explanation for this difference is offered in the Conclusions and 

Discussion section.  

Line 2192VB12 exhibited somewhat less sprouting than the control line 2192BH1 

(Figure 6C, F).  This may be attributed to the fact that 2192VB12 is heterozygous-null for 

VegfR2, and thus may be expressing less VegfR2 than 2192BH1, but there are other alternative 

explanations (see Discussion).  When 2192VB12 was rendered functionally VegfR2-null via 

treatment with Tamoxifen, it generated PECAM+ cells but failed to generate sprouts. This result 

mirrors that obtained with 1432AA2, and verifies that inversion of the COIN element renders the 

VegfR2COIN allele a functional null.  

 

4.  Conclusions and Discussion 

The experiments described above address successfully the technological objectives of this 

work, i.e. to show that neither Tamoxifen nor activation of Cre are deleterious to differentiation 

of ES cells to endothelial cells and their organization into vessel-like structures (sprouting).  

Additional data not shown here also proves that expression of even very high levels of the 
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marker gene eGFP, which is turned on after inversion of the COIN alleles, is not deleterious to 

sprouting.  In addition, experiments with a series of other genetically modified ES lines have 

shown that they are also capable of sprouting after they have been subjected to the same 

differentiation protocol utilized here (data not shown). All this bodes well for utilizing this in 

vitro sprouting assay as a surrogate assay for angiogenesis and opens the field to the 

technological possibilities discussed in the Introduction.   

Isolation of endothelial cells would be facilitated by the expression of an efficient 

fluorescent marker that is specific to that lineage. If such a marker were available, then it would 

be feasible to harvest live cells by cell sorting. The same approach can be used to isolate cells in 

which any other genetic program has been turned on as a result of a culture conditions. 

Therefore, further development of the method described here so that it incorporates such tools 

will be an area of future investigation and technological development. 

There was a significant difference between the levels of sprouting of the three lines. The 

clear difference between 1432AA2 and 2192BH1 — i.e. the complete lack of sprouting in cells 

that are homozygous-null for VegfR2 and abundant sprouting in cells that wild type (VegfR2+/+) 

— is consistent with the idea that VegfR2 is required for angiogenesis (Risau, 1997). However, 

the lack of sprouting in 1432AA2 can be explained in other ways. For example, an alternative 

explanation is that somehow the 1432AA2 line has lost its capability to organize into sprouts 

because of some unknown change introduced during the process of genetically engineering it. 

Engineering 1432AA2, however, involved only two genetic modification steps3, whereas 

                                                            

3 Targeting of one allele of VegfR2 and simultaneous replacement with LacZ(Neo), and then targeting the other allele 
of VegfR2 and simultaneous replacement with LacZ(Hyg). 
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engineering 2192VB12 required four such steps4 – see Figure 2.  The fact that 2192VB12 is 

capable of sprouting reduces the concerns that a line that was engineered using a process with 

fewer steps would be more affected.  In addition, 1432AA2 was tested for its ability to generate 

mouse embryos using the VelociMouse technique (Poueymirou et al., 2007; Gale et al, personal 

communication), and generated embryos albeit displaying the phenotype of VegfR2 knockout 

mice derived by breeding.  Since in vivo the 1432AA2 line contributed to the multiple cell 

lineages that comprise an embryonic day 9.5 embryo, it is evident that this line has not been 

accidentally modified in manner that causes loss of its pluripotency and ability to contribute to 

all lineages for which VegfR2 signaling is not obligatory. Still, conclusive proof that 1432AA2 is 

not somehow compromised for undergoing sprouting angiogenesis can be formally obtained only 

by reversal of its phenotype after complementation with a VegfR2 transgene. 

In light of published observations that, at least in mice, VegfR2 is required for the formation 

of endothelial cells (Shalaby et al., 1997), the ability of 1432AA2 cells (which are homozygous-

null for VegfR2) to form PECAM+ cells was surprising. Moreover, the results obtained here 

mirror experiments utilizing the same cell line in an in vivo experimental protocol of tumor 

angiogenesis (Li and Thurston, unpublished results). In that model, both PECAM-positive cells 

as well as a few, albeit very abnormal, vessels were observed.  Taken together, these results are 

consistent with a “relaxation” of the requirement for VegfR2-mediated signaling in tumor 

angiogenesis.  This in turn may provide a partial explanation as to why anti-angiogenesis 

therapies geared towards VEGF are not fully effective (Strieter, 2005), and also implies that ES 

                                                            

4 Targeting of one allele of VegfR2 and simultaneous replacement with LacZ(Neo); targeting the other allele of 
VegfR2 and simultaneous conversion to a COIN allele with Hyg; removal of the Hyg drug resistance mini-gene with 
FLPe; and finally, introduction of CreERt2(Hyg) into the ROSA26 locus. 
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cell differentiation into vasculature may resemble more neoangiogenesis rather than normal 

angiogenesis.  This possibility will be the subject of future investigations. 

In 2192VB12 ES line, prior to its conversion to VegfR2-null, resembled wild type ES cells 

in its ability to respond to VEGF and undergo sprouting angiogenesis.  Post-Tamoxifen and 

concomitant conversion to a functional VegfR2 null line, it lost its ability to sprout, resembling 

instead 1432AA2. This result lends credence to the possibility of utilizing CreERt2/Tamoxifen-

dependent conditional-null alleles for the study of angiogenesis in vitro. 

In summary, the data shown here encompasses a feasibility study for the use of ES cells and 

in vitro differentiation to the vascular endothelial cell lineage. Setting up a robust system to do 

this will allow the study of both the differentiation process and also the genes and pathways 

involved. One advantage of performing this in vitro is the ability to isolate large quantities of live 

cells at specific, well-timed intervals during the differentiation process. Another advantage is the 

possibility to perform studies with mixed cell populations comprised of defined ratios of cells 

with different genotypes, in order to address the interaction of genetic differences in the process 

of neoangiogenesis. Yet another advantage of using an in vitro system is the possibility to 

perturb or query the pathway of angiogenic sprouting via the introductions of pharmacological 

agents, or by knock-down (using for example RNA interference) or upregulation of specific sets 

of genes.  Taken together, these technologies may empower proteomic and gene expression 

profiling studies with pure cell populations that are also fairly well synchronized, and could aid 

in the discovery of genes and pathways that are involved in the process of neoangiogenesis, in 

turn empowering the discovery of new targets for anti-angiogenic therapy. Finally, the results 

obtained here point to a possible difference in the requirement of VegfR2 in normal versus tumor 

angiogenesis.  
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