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Abstract
Angiogenesis is essential for the growth and metastasis of solid tumors.
In this study, we examined gene expression of vascular endothelial growth
factor (VEGF); its receptor, flt-1; basic fibroblast growth factor; and
transforming growth factors (TGFs) a and ÃŸin IS paired cases of human
breast carcinomas and the adjacent nonneoplastic tissues. In all of the
paired cases, VEGF expression was markedly increased in the carcino
mas. In contrast, an insignificant difference was observed in the expres
sion of flt-1, basic fibroblast growth factor, TGF-a, and TGF-ÃŸbetween
the malignant breast tissue and the nonneoplastic counterpart. Inuminostaining showed variable VEGF positivity of the malignant cells, whereas
the nonneoplastic breast epithelial cells were negative. The findings of this
study suggest that VEGF is an important angiogenic factor in human
breast cancer.

Introduction
The switch to an angiogenic phenotype is dependent upon the
production of positive and negative regulators of angiogenesis (1,2).
To date, at least 20 angiogenic molecules have been identified (3). In
human tumors, bFGF2 and VEGF are the most commonly found
angiogenic factors. bFGF is mitogenic for a variety of cell types,
whereas VEGF acts exclusively on ECs (3-7). bFGF and VEGF act
directly as angiogenic factors through EC surface receptors. At least
two high-affinity receptors for FGF exists, i.e., high-affinity receptors
(FGFR1), which are involved in signal transduction, and low-affinity
receptors (FGFR2), with a suggested role of storing FGF in the
extracellular matrix (8). Cultured ECs express mainly FGFR1, but in
situ hybridization studies have demonstrated few or no FGFR1 tran
scripts in vascular EC of human melanomas (8, 9). Two high-affinity
receptors for VEGF have been identified, flt-1 and KDR/Flk-1, both
of which possess tyrosine kinase activity (9-11). It has been sug
gested that flt-1 is involved in endothelial organization during em
bryonic development and is important for EC quiescence, whereas
KDR is considered to be a major regulator of angiogenesis (4).
TGF-a stimulates angiogenesis in vivo and the development of
capillary endothelial networks in vitro (12). Several clinical and
experimental studies have demonstrated that TGF-a modulates ma
lignant progression of mammary epithelial cells (13). TGF-ÃŸis a
multifunctional protein with diverse effects on cell growth (14). It
inhibits the formation of tube-like structures of ECs in vitro (15).
Although the presence of individual angiogenic factors has been
reported in human breast cancer, this is the first study to quantitate

gene expression of four angiogenic factors in paired cases of human
breast carcinomas and the adjacent nonneoplastic tissues. We have
also examined the expression of flt-1, a high-affinity VEGF receptor
with tyrosine kinase activity.
Materials and Methods
Human Breast Tissue Samples. Paired malignant and adjacent nonneo
plastic breast tissue samples from 18 women were obtained from the National
Disease Interchange/Cooperative
Human Tissue Network (Philadelphia, PA).
The malignant breast tissue samples included 15 infiltrating ductal carcinomas,
2 lobular carcinomas, and 1 mucinous carcinoma. Samples of the nonneoplas
tic adjacent breast tissue from the same breast were obtained in all of the cases.
The paired samples were frozen in liquid nitrogen immediately after surgical
removal and stored at -80 CÂ°.In some of these cases, paraffin-embedded
breast tissues were available and were used for immunostaining of VEGF.
Northern Blot Analysis. Total RNA was extracted from the breast tissues
using RNAzol kit (TEL-TEST, Friendwood, TX), according to the procedure
recommended by the supplier. RNA aliquots of 15 fig were electrophoresed in
1% agarose-formaldehyde gels, transferred to nylon membranes (Schleicher &
Schuell, Keene, NH), and hybridized with 1 x IO6 cpm/ml of random-primed,
'2P-labeled cDNA probes. The same RNA membrane was sequentially hy
bridized with cDNA probes of VEGF, flt-1, bFGF, TGF-a, and TGF-ÃŸ,with
removal of the probes after each hybridization. VEGF cDNA clone was
isolated as described previously (16). Briefly, first-strand cDNA was synthe
sized with oligo-dT primer from total RNA of the HT1080 human fibrosar
coma cell line (American Type Culture Collection, Rockville, MD). PCR
reaction was carried out with the following primer sequences: forward 5'TCGGGCCTCCGAAACCATGA-3'
and reverse 5'-CCTGGTGAGAGATCTGGTTC-3' at 94Â°Cfor 1 min, 52Â°Cfor 1.5 min, and 72Â°Cfor 2 min for 30
cycles. The PCR product was recovered from a 3% agarose gel after electrophoresis and purified; then its sequence was confirmed. Isolation of the flt-1
cDNA clone used has been described previously (9). cDNAs for bFGF and
TGF-a cDNAs were purchased from R&D Systems (Minneapolis, MN).
cDNAs for TGF-ÃŸand ÃŸ-actinwere purchased from American Type Culture
Collection. Densitometric analysis of gene expression was performed by
measuring absorbance with a scanning densitometer (Scanmaster 3; Hudson,
NH) and interpreted with Quantity One software (Protein Database, Huntington Station, NY). The level of gene expression was calculated after normal
ization of RNA with the ÃŸ-actincontrol. Statistical analysis of intergroup
differences was determined by the paired Student's t test and Welch ( test.
Immunohistochemistry.
Immunohistochemical staining for VEGF was
performed on formalin-fixed, paraffin sections, using an avidin-biotin immunoperoxidase technique. A rabbit polyclonal antibody for human VEGF (Santa
Cruz Biotechnology, Santa Cruz, CA) was used at a 1:200 dilution.
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Northern Blot Analysis. Paired samples of malignant and non
neoplastic breast tissues from 18 patients were subjected to Northern
blot analysis, using cDNA probes for VEGF, flt-1, bFGF, TGF-a, and
TGF-ÃŸ.In all of the cases, the two major VEGF transcripts of 4.3 and
genesis Section. Laboratory of Cellular Carcinogenesis and Tumor Promotion. Division of
3.9 kb were more abundant in the carcinomas than the adjacent
Basic Science. National Cancer Institute. NIH. Building 37, Room 2D02. Bethesda. MD
20892.
nonneoplastic breast tissues. Representative samples from the North
2 The abbreviations used are: bFGF. basic fibroblast growth factor; VEGF, vascular
ern blot analysis are depicted in Fig. 1, and the results from the
endothelial growth factor; EC. endothelial cell; flt-1, fms-like tyrosine kinase-1; TOP,
densitometric analysis of gene expression are shown in Table 1.
transforming growth factor.
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Quantitation of the VEGF signal after normalization with ÃŸ-actin
revealed a mean density of 13.884 (range, 4.322-34.862) for the
carcinomas and 1.974 (range, 0.381-3.621) for the nonneoplastic
breast tissues (P < 0.001; Table 1; Fig. 2). In contrast to VEGF, the
expression of its receptor, flt-l, was not increased in the breast
carcinoma samples (Table 1; Fig. 2). Gene expression of other angiogenic factors, including bFGF, TGF-a, and TGF-ÃŸ,was comparable
in the malignant and the nonneoplastic tissues (Table 1; Figs. 1 and 2).
The 7-kb bFGF signal was very faint in all of the samples and not
clearly detectable until after 10 days of exposure (Table 1; Figs. 1 and
2). TGF-a was visualized as a 4.5-kb transcript and TGF-ÃŸas a 2.5-kb
transcript (Fig. 1). The level of expression for TGF-a and TGF-ÃŸwas
not different in the malignant and the adjacent nonneoplastic breast
tissues (Table 1; Fig. 2).
Immunohistochemistry.
Paraffin-embedded histological sections,
which were available on some of the paired breast cases, were immunostained using a VEGF-specific antibody. The immunoreactivity
of VEGF was almost exclusively restricted to the tumor cells (Fig. 3),
although rare fibroblasts within the tumor stroma appeared to be
positive as well. The degree of VEGF immunostaining of the malig
nant cells within the same tumor was variable, ranging from very
weak to intense staining. In contrast to the malignant tumors, none of
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the nonneoplastic breast tissue sections exhibited VEGF immunopositivity.
Discussion
In this study analyzing gene expression of four known angiogenic
factors in paired samples of breast carcinoma and the adjacent non
neoplastic tissues, VEGF was the only one preferentially expressed in
the carcinomas. RNA expression of the VEGF receptor, flt-1, however
was not increased in the carcinomas.
Up-regulation of VEGF expression has been reported in a variety of
malignant human tumors (17-19). An in situ hybridization study of
human breast samples showed high VEGF expression in the tumor
cells but not the normal duct epithelium (20). Similarly, our immu
nostaining of the breast tissues showed that most of the positive
VEGF staining was associated with the tumor cells. There were also
scattered VEGF-positive, fibroblast-like cells in the tumor stroma.
This observation concurs with findings published recently of in
creased VEGF expression in mammary fibroblasts cultured under
hypoxic conditions (21), as well as in stromal cells of gastrointestinal
adenocarcinomas (20). Apart from being an angiogenic factor, VEGF
is also known as a vascular permeability factor (20, 22). As such, it

Table 1 Summary of gene expression in IS paired cases of breast carcinomas and the adjacent nonneoplaslic

tissues

Gene expression"

typeDuctal

Caseno.1234567g9101112131415161718VfclCa"9.83012.96216.93034.8621

Grade
metastasis11

+III
carcinomaDuctal
+II
carcinomaDuctal
+High
carcinomaDuctal
+IIIIHigh
carcinomaDuctal
carcinomaDuctal
.4657.8914.32210.4948.6488.8419.81024.25226.44620.2246.4249.4248.62418.454jrN"0.7553.1202.2123.4562.1210.6210.4262.8622.6523.1060.8963.0813.6212.0610.3811.3860.9212.861inCa1.4240.619
1
carcinomaLobular
+IVIIIIII
carcinomaDuctal
carcinomaDuctal
carcinomaDuctal
+II
carcinomaDuctal
+IV
carcinomaMucinous
+III
carcinomaDuctal
+IIII
carcinomaDuctal
carcinomaLobular
+III
carcinomaDuctal
+IIII
carcinomaDuctal
carcinomaDuctal
carcinomaLN*
' Gene expression presented after normalization with ÃŸ-actin.
' LN, lymph node; Ca, carcinoma; N, adjacent nonneoplastic tissue.
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stimulates extravasation of plasma proteins, such as fibrin, which
when deposited in the extracellular matrix, may serve as a foundation
for the formation of tumor stroma and new capillary network (23).
Studies on the VEGF receptors, flt-1 and KDR. indicate that they have
different signal transduction pathways (24). KDR. but not flt-1. under
goes ligand-dependent tyrosine phosphorylation in intact cells (25, 26). In
colon cancer, VEGF and KDR expression was higher in metastatic than
nonmetastatic tumors (20), and in nude mouse transplants of VEGFtransfected melanoma cells, KDR was overexpressed, whereas flt-l ex
pression was at a background level (27). Conversely, both flt-1 and KDR
were found to be up-regulated in the EC lining of tumor vasculature.
compared to the surrounding normal vessels (17, 20). We were unable to
get a KDR cDNA for the present study, but flt-1 expression was found to
be comparable in the malignant and nonneoplastic breast tissues. This
finding is consistent with features described recently of flt-1 that its
expression is comparable in proliferating and quiescent EC. and that flt-1
does not seem to be associated with mitogenic or chemotactic EC
response (24, 25). The emerging evidence from recent literature, there
fore, suggests that KDR is critical for acquiring the full spectrum of the
VEGF-mediated angiogenic response.
bFGF is thought to be one of the more potent angiogenic factors
and has been shown to be up-regulated in malignancy (28). In this
study, however, the level of bFGF transcripts was very low in both the
carcinomas and the nonneoplastic breast tissue samples. In another
study on bFGF expression in human breast cancer, the level of bFGF
mRNA transcripts was higher in the benign lesions than the malignant
tumors (29). Findings similar to ours were described in renal cell
carcinomas, showing u marked increase in VEGF mRNA expression
of the tumors, compared to the adjacent normal tissues, and very low
bFGF expression in both types of tissues (19). Although our findings
suggest that bFGF is not a major angiogenic factor in human breast
cancer, it should be kept in mind that bFGF and VEGF have synergistic effects on angiogenesis (30, 31). Also, mobilization of an
extracellular reservoir of matrix-bound bFGF by tumor-derived proteinases, such as heparanases and collagenases, may contribute to
tumor neovascularization.
It is known that TGF-a and TGF-/3 regulate the growth of breast
cancer cells in vitro (32, 33). Both are expressed in human breast
cancer (34, 35), but there are contradictory reports on the prog
nostic significance of these growth factors (34-36). In our study,
insignificant differences in TGF-a and TGF-ÃŸ RNA expression
were observed between the malignant and the adjacent nonneo
plastic breast tissues.

16

In summary, in analyzing gene expression of VEGF, bFGF, TGF-a,
and TGF-ÃŸin human breast cancer, only VEGF was overexpressed in
the carcinomas compared with the adjacent nonneoplastic tissues.
However, expression of the VEGF receptor, flt-1. was not different.
These results suggest that VEGF may play a crucial role in the
promotion of angiogenesis in human breast cancer.
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Fig. 3. Immunohistochemical localization oÃ-VEGF protein expression in infiltrating
ductal carcinomas. A, the strongest VEGF staining intensity is seen at the periphery of the
invasive tumor nests. B. nests of VEGF-positive tumor cells are surrounded by very
cellular tumor stroma. Although not clearly visuali/ed in this photograph, some of the
spindle-shaped stromal cells showed moderate cytoplasmic Vl-GF immunoreactivity.

4

References

O

Ca
N
VEGF

Ca
N
flt-1

Ca
N
bFGF

Ca

N

TGF-a

1. Folkman. J. Tumor angiogenesis. In: J. Mendelsohn. P. Howley. L. A. Liotta. and M.
Israel (eds.). The Molecular Basis of Cancer, pp. 206-232. Philadelphia: W. B.
Saunders, 1995.
2. Klagsbrun. M.. and D'Amore. P. A. Regulation of angiogenesis. Annu. Rev. Physiol..

Ca N
TGF-ÃŸ

Fig. 2. Quantitative comparison of VEGF. fil-1, bFGF. TGF-a. and TFG-ÃŸgene
expression in paired carcinomas (Cai and nonneoplastic (<V) human breast samples.
Column*, mean: /w.v. SD; n = 18.

5J: 217-239. 1991.
3. Battegay. E. J. Angiogenesis: mechanistic insights, neovascular diseases and thera
peutic prospects. J. Mol. Med.. 7ÃŒ:
333-346. 1995.
4. Goldfarb. M. The fihroblasl growth factor family. Cell Growth & Differ.. /: 439445. 1990.

2015

Downloaded from cancerres.aacrjournals.org on May 7, 2014. © 1996 American Association for Cancer Research.

VEOF AND OTHER ANGIOGENIC

FACTORS

5. Gospodarowicz, D.. Abraham, J. A., and Schilling, J. Isolation and characterization of
a vascular endothelial mitogen produced by pituitary-derived follicular stellate cells.
Proc. Nati. Acad. Sci. USA, 86: 7311-7315, 1989.
6. Leung, D. W., Cachianes. G., Kuang, W. J., Goeddel, D. V., and Ferrara, N. Vascular
endothelial growth factor is secreted angiogenic mitogen. Science (Washington DC).
246: 1306-1309, 1989.
7. Ferrara, N. The role of vascular endothelial growth factor in pathological angiogenesis. Breast Cancer Res. Treat.. 36: 127-137. 1995.
8. Partanen, J.. Vainikka. S., Korhonen. J.. Armstrong. E., and Alitalo. K. Diverse
receptors for fibroblast growth factors. Progress Growth Factor Res., 4: 69-83. 1992.
9. Shibuya, M., Yamaguchi, S.. Yamane. A.. Ikeda. T.. Tojo. A., and Sato. M. Nucleotide sequence and expression of a novel human receptor-type tyrosine kinase (fit)
closely related to the fms family. Oncogene. 8: 519-524. 1990.
10. Terman. B. !.. Vermazen, D.. Carrion. M. E.. Dimitrov. D., Armellino, D. C..
Gospodarovicz. D., and Bohlen. P. Identification of the KDR tyrosine kinase as a
receptor for vascular endothelial growth factor. Biochem. Biophys. Res. Commun..
187: 1579-1586. 1992.
11. Mustonen, T.. and Alitalo, K. Endothelial receptor tyrosine kinases involved in
angiogenesis. J. Cell Biol.. 129: 895-898, 1995.
12. Montesano. R.. Vassalli, J. D., Guillemin. R., and Orci, L. Basic fibroblast growth factor
induces angiogenesis Â¡nvitro. Proc. Nati. Acad. Sei. USA. 83: 7297-7301, 1986.
13. Schreiber. A. B.. Winkler. M. E., and Derynck. R. Transforming growth factor-a: a
more potent angiogenic mediator than epidermal growth factor. Science (Washington
DC), 232: 1250-1253. 1986.
14. Sporn, M. B., and Roberts, A. B. Transforming growth factor: recent progress and
new challenges. J. Cell Biol.. 119: 1017-1021. 1992.
15. Tada, K.. Fukunaga, T.. Wakabayashi, Y., Masumi, S., Izumi, H., Kohno, K., and
Kuwano, M. Inhibition of tubular morphogenesis in human microvascutar endothelial
cells by co-culture with chondrocyte and involvement of transforming growth factor-ÃŸ:a model for avascularity in human cartilage. Biochem. Biophys. Acta, 1201:
135-142, 1994.
16. Weindel, K.. Marrne, D.. and Weich. H. A. AIDS-associated Kaposi's sarcoma cells

17.

18.

19.

20.

21.

22.

in culture express vascular endothelial growth factor. Biochem. Biophys. Res. Com
mun., 183: 1167-1174, 1992.
Plate. K. H., Breier. G.. Weich, H. A., and Risau, W. Vascular endothelial growth
factor is a potent tumor angiogenesis factor in human gliomas in vivo. Nature (Lond.).
359: 845-848, 1992.
Toi, M., Hoshina, S., Takayanagi. T., and Tominaga, T. Association of vascular
endothelial growth factor expression with tumor angiogenesis and with early relapse
in primary breast cancer. Jpn. J. Cancer Res.. 85: 1045-1049, 1994.
Takahashi, A.. Sasaki, H., Kim, S. J., Tobisu. K.. Kakizoe. T., Tsukamoto. T.. Kumamoto.
Y.. Sugimura. T., and Terada. M. Markedly increased amounts of messenger RNAs for
vascular endothelial growth factor and placenta growth factor in renal cell carcinoma
associated with angiogenesis. Cancer Res.. 54: 4233-4237, 1994.
Brown, L. F., Berse, B.. Jackman, R. W., Tognazzi, K.. Manseau, E. J., Senger. D. R.,
and Dvorak. H. F. Expression of vascular permeability factor (vascular endothelial
growth factor) and its receptors in adenocarcinomas of the gastrointestinal tract.
Cancer Res., 53: 4727-4735, 1993.
Hlatky. L.. Tsionou C.. Hahnfeldl. P.. and Coleman. N. C. Mammary fibroblasts may
influence breasl tumor angiogenesis via hypoxia-induced vascular endothelial growth
factor up-regulation and protein expression. Cancer. Res., 54: 6083-6086, 1994.
Keck, P. J.. Hauser. S. D., Krivi. G., Sanzo, K., Warren, T., Feder, J., and Connolly.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

IN HUMAN BREAST CANCER

D. T. Vascular permeability factor, an endothelial mitogen related to PDGF. Science
(Washington DC), 246: 1309-1312, 1989.
Dvorak, H. F., Harvey, V. S., Estrella, P., Brown, L. F., McDonagh, J., and Dvorak,
A. M. Fibrin containing gel induces angiogenesis. Implications for tumor stroma
generation and wound healing. Lab. Invest., 57: 673-686, 1987.
Waltenberger. J., Claesson-Welch. L., Siegbahn, A., Shibuya, M., and Heldin, C-H.
Different signal transduction properties of KDR and fit-1, two receptors for vascular
endothelial growth factor. J. Biol. Chem., 269: 26988-26995. 1994.
Peters, K. G., de Vries. C., and Williams, L. T. Vascular endothelial growth factor
receptor expression during embryogenesis and tissue repair suggests a role in endo
thelial differentiation and blood vessel growth. Proc. Nati. Acad. Sci. USA, 90:
8915-8919, 1993.
Millauer, B., Wizigmann-Voos, S., Schnurch, H.. Martinez, R., Moller, N. P., Risau,
W., and Ullrich, A. High affinity VEGF binding and developmental expression
suggest Flk-1 as a major regulator of vasculogenesis and angiogenesis. Cell, 72:
835-846, 1993.
Claffey, K. P., Brown, L. F.. del Ã•guila. L. F., Tognazzi, K., Yeo, K-T., Manseau.
E. J., and Dvorak, H. F. Expression of vascular permeability factor/vascular endo
thelial growth factor by melanoma cells increases tumor growth, angiogenesis, and
experimental metastasis. Cancer Res., 56: 172-181, 1996.
Takahashi, J. A.. Mori. H., Fukumoto, M., Igarashi, K., Jaye. M., Oda, Y., Kikuchi,
Y., and Hatanaka, M. Gene expression of fibroblast growth factors in human gliomas
and meningiomas: demonstration of cellular source of basic fibroblast growth factor
mRNA and peptide in tumor tissues. Proc. Nati. Acad. Sci. USA, 87: 5710-5714,
1990.
Anandappa, S. Y., Winstanley, J. H. R., Leinster, S.. Green, B.. Rudland, P. S., and
Barraclough, R. Comparative expression of fibroblast growth factor mRNAs in
benign and malignant breast tissues. Br. J. Cancer, 69: 772-776, 1994.
Goto, F.. Goto, K., Weindel, K., and Folkman, J. Synergistic effects of vascular
endothelial growth factor and basic fibroblast growth factor on the proliferation and
cord formation of bovine capillary endothelial cells within collagen gels. Lab. Invest..
69:508-517,
1993.
Asahara, T., Bauters, C., Zheng, L. P., Takeshita, S., Bunting, S., Ferrara, N., Symes,
J. F., and Isner, J. M. Synergistic effect of vascular endothelial growth factor and
basic fibroblast growth factor on angiogenesis in vivo. Circulation, 92: 365-371.
1995.
Arrick, B. A., Korc, C. M., and Derynck, R. Differential regulation of expression of
three TGF-/3 species in human breast cancer cell lines by estradiol. Cancer Res., 50:
299-303, 1990.
Valverius, E. M., Bates, S. E., Stampfer, M., Clark, R., McCormick, F., Salomon,
D. S., Lippman, M. E., and Dickson. R. B. Transforming growth factor a production
and epidermal growth factor receptor expression in normal and oncogene transformed
human mammary epithelial cells. Mol. Endocrino!., 3: 203-214, 1989.
Murray, P. A., Barrett-Lee, P.. Travers. M., Luqmani, Y., Powles. T.. and Coombes,
R. C. The prognostic significance of transforming growth factors in human breast
cancer. Br. J. Cancer, 67: 1408-1412, 1993.
Dublin, E. A., Barnes, D. M., Wang. D. Y.. King. R. J.. and Levison. D. A. TGF a
and TGF ÃŸexpression in mammary carcinoma. J. Pathol.. 770: 15-22, 1993.
Barret-Lee, P., Travers, M. T., Luqmani, Y., and Coombes, R. C. Transcripts for
transforming growth factors in human breast cancer: clinical correlates. Br. J. Cancer,
61: 612-617, 1990.

2016

Downloaded from cancerres.aacrjournals.org on May 7, 2014. © 1996 American Association for Cancer Research.

