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INTRODUCTION 

The overall purpose of this project is to study gene expression in endothelial cells 
participating in tumor-induced angiogenesis, with the aim of identifying characteristics of these cells 
which could serve as targets for cancer therapy. The model system used is an in vivo model of breast 
cancer which consists of wild type MCF-7 breast carcinoma cells or the same cells transfected with 
angiogenic growth factors growing as tumors in nude mice. Although the original proposal utilized 
MCF-7 cells transfected with fibroblast growth factor 4 (FGF-4) as the angiogenic growth factor, 
we have expanded the project to utilize MCF-7 cells transfected with FGF-1 (a.k.a. acidic FGF) or 
vascular endothelial cell growth factor (VEGF). We have expanded our study since FGF-4 has been 
found not to be expressed in human breast cancer, while FGF-1 and VEGF are thought to be 
important angiogenic factors for many types of cancer, including breast. Cells transfected with FGF- 
1 and VEGF are available from the laboratory of the Pi's postdoctoral fellowship and utilize the 
same clonal line of parental cells. Therefore, we thought it important to include transfectants with 
these more relevant angiogenic factors in our studies. 

Morphological and topographical studies have been conducted to determine the identity of 
blood vessels which are associated with productive tumor growth, vs blood vessels coincidentally 
associated with the tumor or blood vessels generated by the inflammatory response set up by tumor 
cell injection. RNA from endothelial cells isolated from growing tumors by fluorescence-activated 
cell sorting (FACS) is being purified from tumors produced by the parental, FGF, or VEGF 
transfected cells as well as more differentiated endothelial cells from mammary fat pads. This RNA 
will be utilized for RT-PCR to study gene expression of known genes important in angiogenesis, 
such as FGF receptors and VEGF receptors, and for differential display PCR to discover genes 
differentially expressed by the angiogenic endothelial cells in tumors. 
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BODY 

Aim 1. As mentioned in last year's report, Aim 1 of this project was to validate the model 
of tumor-induced angiogenesis by correlating microvessel density with tumor size and/or metastasis 
in these experimental tumors. A positive correlation between tumor size and microvessel density 
was achieved in the first year using archival slides from tumors produced by FGF-4 or FGF-1 
transfected cells. 

Aim 2. In Aim 2, we sought to discern a difference in the temporal and spatial relationship 
of blood vessels present in tumors produced by FGF-4 transfected MCF-7 cells when compared with 
tumors produced by the parental cells. As mentioned, this aim has expanded to include FGF-1 
transfected and VEGF-transfected MCF-7 cells. Over time, we have realized that the differences we 
are describing are really between tumors which are actively growing vs those which are static or 
regressing, regardless of the identity of the transfected or nontransfected cells which produced the 
tumors. (Tumors produced by the VEGF transfected cells have not yet been subjected to analysis 
and therefore, this generalization may not apply to them.) 

This past year, we have been developing image analysis and morphologic techniques which 
will differentiate actively growing tumors from static or regressing tumor nodules at early time 
points in tumor development before differences in size become apparent. In work described last 
year, we had identified substantial inflammatory reaction which takes place immediately after tumor 
cell injection. Between 10 and 20 days after tumor cell injection, however, this acute inflammatory 
reaction disappears and tumors begin to grow actively or to regress. Therefore, we have chosen the 
time point of 10-20 days after tumor cell injection as our "window" for discerning differences 
between actively growing tumors and static or regressing ones. The techniques, described below, 
of measuring proliferation and apoptosis, and of describing blood vessel morphology and 
topography, will enable us to study gene expression in pertinent vessels in pertinent tumors and to 
identify genes expressed by those particular microvessels associated with productive tumor growth. 

Since tumor growth is the algebraic sum of tumor cell proliferation and tumor cell death, we 
have evaluated both of these parameters utilizing staining for bromodeoxyuridine (BrdU) 
incorporation as a measure of proliferation and apoptosis (TUNEL) staining (1) as a measure of cell 
death. Tumor sections from tumors produced by parental or transfected cells and harvested from 10 
to 20 days after tumor cell injection are stained for BrdU or TUNEL and the positively-stained nuclei 
are quantitated by image analysis. Areas of the section are identified which are occupied mainly by 
tumor and the quantitation is restricted to these areas. In addition, an area measurement is obtained. 
Cell density per unit area of the various tumors is determined so that a labeling fraction for each type 
of staining can be calculated. These studies have been done for FGF-4 and FGF-1 transfected cells 
as well as parental cells grown in ovariectomized mice treated with nothing, estrogen, or tamoxifen. 
Since the in vivo growth characteristics of the cells under these treatment conditions are known, the 
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results of these studies can be 
correlated with tumor growth, 
even though the individual 
tumors under study are of 
similar size at the time points 
selected. It should be pointed 
out that since all tumor cell 
injections do not result in 
tumors which persist after the 
10-20 day time period even 

most favorable 
some of the 

tumors analyzed 
be behaving as 
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Figure 1. Parental and FGF-transfected cell lines have different in vivo growth 
characteristics. ML-20 cells (top left) form small tumors in estrogen-treated mice, 
no tumors in ovariectomized mice, and static tumor nodules which ultimately 
regress in tamoxifen-treated mice. FGF-4 transfected cell lines MKL-4 (top right) 
and MKL-F (bottom left) and FGF-1 transfected cell line Clone 18 (bottom left) 
form tumors in ovariectomized mice but have differenting responses to estrogen and 
tamoxifen treatment of tumor-bearing mice as shown. 

ing at the mean values of the 
labeling indices, we should be 
able to correlate mean values 
for BrdU incorporation and/or 
TUNEL   staining   with   the 
known growth characteristics 
of the  tumors.     Thus,  the 
purpose of these studies is to 
establish the validity of BrdU 
incorporation and/or TUNEL 
staining as an in situ predictor 
of tumor growth.    Figure 1 
shows   the   in   vivo   growth 
characteristics of 4 of the 5 cell 
lines (parental and 3 FGF transfectants) under study under conditions of the treaments with nothing, 
estrogen, or tamoxifen, and Figure 2 shows the mean labeling indices for TUNEL and BrdU 
incorporation. It would seem that within the particular cell lines, BrdU incorporation is the best in 
situ predictor of tumor growth, since it correlates best with the known in vivo growth characteristics 
of the cells. One might expect that the data from the two methods would be complementary and that 
either BrdU incorporation or TUNEL staining would be an accurate predictor of tumor growth. 
However, methodologic differences in the two methods may make one or the other method more 
sensitive in the particular circumstances of our study. Since BrdU incorporation is cumulative and 
labels all cells which have synthesized new DNA during the period of exposure to BrdU (it was 
injected 8 hours prior to sacrifice), there is a substantial signal present even in slowly growing or 
regressing tumors. TUNEL staining is much more time sensitive, in that DNA fragments are only 
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Figure 2. BrdU labeling indices correlate with tumor growth. BrdU and TUNEL labeling indices were determined by image 
analysis of sections of tumor nodules produced by parental (ML-20), FGF-4 transfected (MKL-F and MKL-4), and FGF-1 
transfected (Clone 18) cell lines, harvested between 10 and 20 days after tumor cell injection. Within cell lines, BrdU labeling 
indices correlate better with tumor growth characteristics of the individual cell lines (Figure 1) than does TUNEL labeling index. 

labeled by the terminal transferase enzyme for a short period during the cell's progression through 
the apoptotic process (1). The number of cells labeled by TUNEL is very small (1-3%) in our 
sections, making differences between sections difficult to discern. At any rate, since BrdU 
incorporation seems to be the best in situ predictor of tumor growth in our model, we have 
established mean values for BrdU incorporation tumors produced by the parental and FGF 
transfected cell lines for actively growing vs static or regressing tumors which can be used to 
evaluate the growth status of such tumors in the future. 

The VEGF transfected cells produce tumors in estrogen-treated animals which are somewhat 
larger than those produced by the parental cells. When injected with the matrix material, Matrigel, 
these transfectants also produce tumors in tamoxifen-treated animals, while the parental cells do not 
(unpublished). Thus, the growth differences between these transfectants and the parental cells are 
more subtle those those produced by FGF transfection. This may make correlation between BrdU 
or TUNEL staining more difficult to establish in these transfectants. This effort is currently 
underway. 

Because of initial studies in which we noticed differences in morphology and topography of 
tumor-associated blood vessels in growing tumors vs static or regressing ones in tumors produced 
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by the parental or 
FGF transfected 
cells, described 
last year, we have 
extended our study 
to semiquantita- 
tively describe the 
morphologic and 
topographical cha- 
racteristics of tu- 
mor-associated 
blood vessels in 
sections from tu- 
mors produced by 
parental or trans- 
fected cells under 
all conditions of 
treatment. We 
have evaluated the 
abundance of four 
types of blood 
vessels: 1. Intratu- 
moral blood ves- 
sels, 2. Edge-asso- 
ciated blood ves- 
sels, 3. Normal 
stromal blood ves- 
sels, and 4. Ecta- 
tic stromal blood 
vessels. Each blood vessel type was evaluated for abundance on a scale of 0-4, with 4 being very 
abundant. The initial rater was a pathology resident who was blinded as to the identity of the tumor 
and was instructed not to take tumor size into consideration during the rating process. Ratings for 
the different types of vessels were then correlated with BrdU incorporation or TUNEL labeling 
indices for the same tumors. The results of the correlation for intratumoral blood vessels are shown 
in Figure 3. This figure shows that intratumoral blood vessel abundance is positively correlated with 
BrdU labeling index for all cell lines analyzed except MKL-4. We also find edge-associated blood 
vessel abundance to be positively correlated with BrdU labeling index for all cell lines except MKL- 
4, normal stromal vessel abundance to be negatively correlated with BrdU labeling index for all cell 
lines except ML-20, and stromally located, ectatic vessel abundance to be of uncertain significance. 
We are in the process of adding additional tumor samples to this analysis, which we hope will enable 

Figure 3. BrdU incorporation and intratumoral blood vessel abundance scores are positively 
correlated for 3 of the 4 cell lines tested. Intratumoral blood vessels stained for PECAM were 
rated in sections which were adjacent to those used for BrdU incorporation and TUNEL staining 
(Figure 2). The rating system was on a scale from 0-4, with 4 being most abundant. The rater was 
blinded as to the identity of the tumor and instructed not to take tumor size into consideration during 
the rating. 
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us to show uniform correlations across all cell 
lines. In addition, we are adding the VEGF 
transfected cells, which we hope will also 
show the same correlations. In addition, we 
will utilize a second rater for all the sections, 
which will hopefully validate the first rater's 
findings and add statistical power to our 
analysis. These strategies should improve the 
chances that the correlations will be uniform 
and achieve significance. When the analysis is 
complete, John Hanfelt, PhD, a statistician 
with the Lombardi Center Statistics Core 
facility will provide statistical analysis of the 
various correlations. We envision submitting 
a manuscript containing this data in early fall 
of this year. 

Aim 3. As mentioned in last year's 
report, a major aim of the project has been 
isolation of tumor-derived endothelial cells by 
FACS. Last year, we reported that we had 
isolated 100,000 cells from a tumor using two 
different FITC-coupled rat monoclonal 
antibodies to the murine endothelial cell 
adhesion molecule PECAM-1. The isolated 
cells were capable of uptake of fluorescently- 
tagged LDL, a property of endothelial cells. 
During this past year, we have been engaged in 
further development of semiquantitative RT- 
PCR assays to demonstrate the endothelial 
origin of RNA isolated from these cells as well 
as the presence of contaminating tumor or stro- 
mal cells. These assays utilize 35S-labeled nu- 
cleotides in the PCR reactions and produce 
radiolabeled bands when the products of the 
reaction are run on a polyacrylamide gel. We 
are then able to quantitate the radioactivity of 
appropriate bands utlizing a phosphorimager. 
RNA from positive and negative control cell 
lines are used to optimally adjust the PCR 

PECAM - 

^       -f -£" ,<y     ,&      r& 

£    £     i? 

# Jf 
■& 

§ 

# 
JSL 

U ii ti U y GAPDH 

Figure 4. RNA purified from isolated endothelial cells 
contains transcripts for murine PECAM-1. RT reactions 
were performed on each RNA utilizing random hexamers as 
primers. The resulting cDNA was split equally between two 
PCR reactions. The first PCR reaction contained primers for 
murine PECAM and the second PCR reaction contained 
primers for murine GAPDH. The reactions from the same RNA 
are run in adjacent lanes as follows: Lanes 1 & 2 - 100% 
EOMA murine hemangioma cells; Lanes 3 & 4 - 95% EOMA 
cells, 5% NIH 3T3 murine fibroblasts; Lanes 5 & 6 - 90% 
EOMA cells, 10% NIH 3T3 cells; Lanes 7 & 8 - 100% NIH 
3T3 cells; Lanes 9 & 10 - Experimental RNA from the isolated 
cells. Ratios of the radioactive bands for PECAM and GAPDH 
were calculated in each instance. The experimental RNA had 
a higher PECAM/GAPDH ratio than 100% EOMA RNA. 
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Figure 5. RT-PCR analysis of RNA from tumor-derived 
endothelial cells reveals small amounts of contaminating 
transcripts from human tumor cells. RT reactions were run 
on each RNA and the resultant cDNA split between two tubes 
as above. One of the tubes was used in a PCR reaction for 
human KGF receptor and the second for murine GAPDH. 
Lanes 1 & 2 contain PCR products from EOMA murine 
hemangioma cells, lanes 3 and 4 contain PCR products from 
MKL-F human breast carcinoma cells which were used to 
produce the tumor from which the endothelial cells were 
isolated, and lanes 5 & 6 contain PCR products from RNA of 
endothelial cells isolated from the tumor. It can be seen that 
this experimental RNA contains a few transcripts of human 
KGF receptor, since a light band is present in lane 5. 

10 
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conditions so that we obtain robust, logarithmic PCR amplification for each set of primers. We have 
also developed mouse-specific primers for glyceraldehyde 3-phosphate dehydrogenase (GAPDH), 
a "housekeeping" gene which is constitutively expressed in all mouse cells. Using these techniques, 
we were able to demonstrate that RNA isolated from the sorted cells contained transcripts for 
PEC AM-1 in a greater abundance than that of a cultured murine hemangioma cell line, EOMA, 
indicating that the majority of the cells which contributed to the RNA expressed this transcript at 
high levels (Figure 4). (Note that the PECAM primers do not produce a band when RNA from NIH 
3T3 cells, a murine fibroblast line which does not express this mRNA, is used.) In order to detect 
RNA derived from contaminating human tumor cells, we have utilized primers for the human 
keratinocyte growth factor receptor (KGFR), which is present in the human tumor cells but should 
not be present on mouse endothelial cells. This transcript was detected in RNA from the previously 
isolated endothelial cells (Figure 5), indicating that some tumor cells contaminated the sorted cells. 
For that reason, we wished to enhance our FACS procedure to more selectively sort out endothelial 
cells only. In the interval, a third monoclonal antibody for murine PECAM-1 has become available. 
This antibody was produced in hamster and is not directly coupled to a fluorochrome, necessitating 
the use of a fluorescently-tagged anti-hamster secondary antibody in the FACS procedure. We have 
tried out this procedure using a mixture of cultured EOMA cells and the MKL-F tumor cells and find 
that we do get an enhancement of fluorescence with addition of the third anti-PECAM-1 antibody. 
Since the new procedure does given enhanced fluorescence, it theoretically will enhance our ability 
to purify endothelial cells, so we will retain it in the protocol. 

We have spent much of the past year searching for a gene which is expressed in mouse 
fibroblasts but not in endothelial cells. Possibly because of the common embryonic origin of 
fibroblasts and endothelial cells, many genes seem to be expressed in both cell types. We have 
identified a gene, keratinocyte growth factor (KGF) which is expressed in NIH 3T3 mouse 
fibroblasts but not in endothelial-like mouse EOMA cells. We are currently in the process of 
perfecting a RT-PCR assay for this transcript so we can estimate the degree of fibroblast 
contamination in our sorted cells. 

We are currently producing tumors in nude mice utilizing the parental MCF-7 cells and the 
transfected cell lines. We have begun isolating mammary fat pad endothelial cells from mice. 
Therefore, we expect to have RNA in hand by the end of the summer to begin our differential 
cloning efforts which will identify genes selectively expressed by endothelial cells participating in 
tumor-induced angiogenesis. RNA obtained from these efforts will also be utilized to identify 
particular FGF or VEGF receptors important in tumor-induced angiogenesis, below. 

As part of Aim 3, FGF receptor gene expression was to be analyzed in endothelial cells by 
in situ hybridization. It would be expected that receptors activated by the particular ligands 
expressed by the tumor cells (FGF-1 or FGF-4) would be up or downregulated in response to the 
chronic state of activation and that the particular FGF receptors important in stimulating 

11 
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angiogenesis could be identified on that basis. FGF receptors are encoded by four genes and have 
a common structure, with two or three extracellular immunoglobulin loops, a transmembrane domain 
and a cytoplasmic split kinase domain (2). A complicating feature of FGF receptors is the presence 
of multiple isoforms of each of the proteins encoded by three of the four FGF receptor genes. The 
isoforms are produced by mRNA splice variants and may have differing affinities for different 
ligands or even be kinase defective and/or secreted (2-5). Since the proposal was written, knowledge 
has been gained about ligand specificity of the various FGF receptors and isoforms, about homo- and 
heterodimerization between them, and about downstream signal transduction pathways (2,6), 
underscoring the importance of the data we propose to obtain. Moreover, since we are expanding 
our studies to include VEGF, it would be appropriate to also include the VEGF receptors, FLT-1 and 
KDR (7), in the analysis. Therefore, since the original proposal was written almost four years ago, 
we feel it is appropriate to revisit the planning of this part of the project in order to gain the most 
appropriate data in light of updated knowledge. 

Because in situ hybridization is a labor-intensive activity which also consumes expensive 
laboratory supplies and needs considerable optomization for each probe utilized, this technique may 
not be appropriate for the large number of isoforms/receptors we wish to analyze. Moreover, there 
is a controversy in the literature concerning FGF receptors on vascular endothelium because in spite 
of a vigorous in vivo angiogenic response to FGFs in many model systems, several studies have been 
unable to demonstrate FGF receptor mRNA on microvessels by in situ hybridization techniques 
(8-11). However, a few investigators have shown FGF receptors to be present on tumor endothelium 
either by in situ hybridization (12), or immunohistochemistry (13). Binding studies have shown 
FGF receptors on quiescent cultured endothelial cells to be present in low copy number (14,15), 
implying that in situ hybridization techniques, at least as some have used them, may not be sensitive 
enough to detect the mRNA in vascular endothelium in vivo. In addition, FGF receptors are rather 
ubiquitously expressed by many cell types, so that if a signal were obtained from the small number 
receptors present on endothelial cells in a tissue section by in situ hybridization, it might be 
overwhelmed by signal from neighboring cells. Therefore, we propose to first analyze FGF receptor 
and VEGF receptor expression by RT-PCR in endothelial cell RNA obtained from the FACS-sorted 
cells, above. FGF receptor isoforms analyzed will be those which have differing ligand binding 
properties. These include splice variants of FGF receptors 1-3, all of which have alternative exons 
(Illb or IIIc) in the third immunoglobulin loop. In addition, for FGF receptors 1-3, we will analyze 
for the presence or absence of immunoglobulin loop I, which is also important in determining ligand 
specificity of the isoform. Isoforms of FGF receptor 4 have not been characterized (2), so only the 
full-length receptor will be analyzed. RT-PCR conditions will be optomized, as they were for 
murine PEC AM-1, human KGFR, and murine KGF, above, so that robust, logarithmic amplification 
is obtained. Control cell lines which express the various receptors will be used to standardize PCR 
conditions. We will then have semiquantitative RT-PCR assays, which can be used to compare 
levels of expression among the various endothelial cell populations isolated from the tumors or 
mammary fat pads. The same procedures will be used to assay for VEGF receptors. If particular 

12 
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FGF receptor isoforms or VEGF receptors are found to 
be up or down regulated in endothelial cells isolated 
from tumors produced by control ML-20 cells or the 
FGF-1, FGF-4, or VEGF transfected cells when 
compared with mammary fat pad endothelial cells, we 
will attempt to confirm these results by in situ 
hybridization of the pertinent tumors or mammary fat 
pad. Probes for the specific isoform/receptor can easily 
be contracted with the PCR product used for RT-PCR 
analysis. 

We have begun developing RT-PCR assays for 
some of the FGF receptors/isoforms. So far, we have 
primers which will identify isoforms of murine FGF 
receptor 1 which lacks or has immunoglobulin loop I, or 
has one of the two alternative exons, Illb or IIIc. In 
addition, we have primers for the same isoforms of 
murine FGF receptor 2 and 3. These assays are now 
being optomized using murine cell lines which are 
known to express the receptors in question. Figure 6 
shows an RT-PCR assay we have adapted from the 
literature (16) for FGF receptor 1 which compares the 
mRNAs present for the 3-loop receptor vs the 2-loop receptor which lacks immunoglobulin loop I. 
It can be seen that both mouse cell lines, EOMA hemangioma cells and NIH 3T3 fibroblasts, express 
both isoforms, but the 2-loop variety is much more abundant. NIH 3T3 cells express more of the 
3-loop isoform than do EOMA cells. The primers do not identify FGF receptor 1 in human MKL-F 
cells, in spite of the fact that it is expressed by these cells (unpublished), since they are mouse- 
specific. We have primers which identify other isoforms of FGF receptor 1 as well as primers which 
identify various isoforms of FGF receptors 2-4, and are in the process of optomizing PCR conditions 
for these assays. Thus, when we obtain the RNA from tumor-induced endothelial cells or mammary 
fat pad endothelial cells as described above, we will be in a position to compare the different FGF 
receptors/isoforms among them. Similar assays will be developed for VEGF receptors. We hope 
to submit a manuscript with the method of endothelial cell isolation and the FGF and VEGF receptor 
data by the end of the year. 

3-LOOP—► 

2-LOOP—► |||tfii|ii||m 

Figure 6. PCR primers which identify murine 
3-loop or 2-loop FGF receptor 1 are mouse- 
specific  and   do   not  identify  human   FGF 
receptor 1.    Lanes  1  & 2 contain RT-PCR 
reactions using RNA from murine EOMA and 
murine NIH 3T3 cells.  Bands representing both 
the 3-loop and the 2-loop FGF receptor lare 
present, although the 2-loop isoform is more 
abundant. The 3-loop isoform is more abundant in 
the NIH 3T3 cells than the EOMA. The primers 
utilized do not reveal a band in the lane using RNA 
from human MKL-F cells even though these cells 
express the human form of this receptor. No RT = 
no reverse transcriptase, a control for genomic 
DNA (RNA from the EOMA cell line was used). 
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CONCLUSION 

Scientific conclusions to date: 

1. BrdU incorporation may be a good in situ indicator of tumor growth in this model 
system, which will enable us to identify rapidly or slugglishly growing tumors at 
time points before differences in tumor size are apparent. 

2. Apoptosis as revealed by TUNEL staining is not indicative of tumor growth in this 
model, perhaps because there is a very low rate of apoptosis, making observations 
subject to high variability. 

3. Edge-associated microvessel density and intratumoral vessel density seem to be 
postively associated with BrdU incorporation and normal stromal vessel density 
seems to be negatively associated. Further work is needed to clarify these 
relationships with respect to statistical significance. 

4. RNA purified from endothelial cells isolated from growing tumors is greatly enriched 
for endothelial cells but still contains tumor cell contamination. New techniques may 
result in greater purity of isolated endothelial cells. 

Discussion: 

Microvessel density has been shown in many studies to be a powerful predictor of prognosis 
in node-negative breast cancer (reviewed in (17)). However, other studies utilizing the same or 
similar techniques have failed to find a correlation (18-21). It is certainly not at all clear that all 
breast tumors have similar mechanisms for stimulation of neoangiogenesis. Moreover, identification 
of tumor-associated microvessels requires a subjective judgement which may exclude informative 
characteristics because of observer bias. By performing our analyses utilizing tumors produced by 
cells which have the same genetic background but which express different angiogenic factors, we 
are in a position to evaluate various angiogenic mechanisms in breast tumors. Such analysis can also 
include investigation into the influence of estrogen and tamoxifen. Moreover, since the growth 
characteristics of the tumor cell lines are known, by using an analysis which evaluates microvessels 
of differing locations or morphologies, we can discern correlations between these microvessels and 
tumor growth. Thus, it is possible that our research into topography and morphology of tumor- 
induced blood vessels may shed light on difficulties experienced by others in evaluating micro- 
vessels in human breast cancer specimens. Our analysis of FGF or VEGF receptor expression may 
also clarify the situation regarding expression of these receptors in microvessels in human tumors. 
Our efforts to identify uniquely expressed genes in microvessels associated with productive growth 
in tumors may also turn out to be useful if such gene expression can be used as a predictor of 
prognosis. This development would probably precede any use of such uniquely expressed genes as 
targets for cancer therapy. 
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Thus, although this project has been subject to a long start-up time which allowed for the 
development of new techniques, it would seem that we are now on the threshold of our most 
productive period, in which new data can be generated which will be highly significant for the field 
of tumor-induced angiogenesis. It can be hoped that others will apply the techniques we have 
developed in ways which will further the state of scientific knowledge and result in new approaches 
to breast cancer. 
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APPENDIX 
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LIST OF ABBREVIATIONS 

a.k.a. 
BrdU 
EOMA 
FACS 
FGF 
FGF-1 
FGF-1, clone 18 
FGF-4 
FGFR 
KGFR 
lacZ 
MCF-7 
MKL-F 
MKL-4 
ML-20 
NIH 3T3 
PECAM 
RT-PCR 
TUNEL 

VEGF 

Also known as 
Bromodeoxyuridine, a thymidine analog 
A mouse hemangioma cell line 
Fluorescence activated cell sorting 
Fibroblast growth factor 
Fibroblast growth factor 1, a.k.a. acidic FGF 
A clonal cell line of ML-20 cells (below) transfected with FGF-1 
Fibroblast growth factor 4, a.k.a. Kaposi FGF, hst-1 
FGF receptor 
Keratinocyte growth factor receptor 
A bacterial gene encoding ß-galactosidase 
An estrogen receptor positive breast carcinoma cell line 
A clonal cell line of ML-20 cells cotransfected with FGF-4 and lacZ 
A clonal cell line of MCF-7 cells cotransfected with FGF-4 and lacZ 
A clonal cell line of MCF-7 cells transfected with lacZ 
A cell line of immortalized mouse fibroblasts 
Platelet-endothelial cell adhesion molecule 
Reverse transcription followed by the polymerase chain reaction 
Terminal deoxynucleotidyl transferase - mediated dUTP-biotin nick end 
labeling 
Vascular endothelial cell growth factor 
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