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We review the results of experimental and clinical observations on neoangiogenesis in pa-
tients with breast cancer. Vascular endothelial growth factor is an important positive regula-
tor of this process. Experiments showed the possibility of using various direct and indirect
antiangiogenic means in the therapy of breast cancer, but clinical efficiency of these methods
was not proved. Expression of vascular endothelial growth factor can serve as a prognostic
criterion in breast cancer. Antiangiogenic preparations should not be used as monotherapy,
but as the treatment complementary to standard therapy.
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General Concept on the Regulation
of Angiogenesis

Angiogenesis is a complex process that proceeds in 4
stages: proteolysis of the basal vascular membrane and
intercellular matrix, migration and fixation of endo-
thelial cells, their proliferation, and formation of tu-
bular structures [60]. Until recently the density of
blood vessels in tumor tissue (microvascular density)
evaluated by microscopy served as the major criterion
of the intensity of neoangiogenesis. Studies of the
molecular mechanisms of angiogenesis showed that
the formation and propagation of new vessels in tu-
mors depend on the dynamic balance between various
regulatory angiogenic and antiangiogenic factors.
Vascular endothelial growth factor (VEGF), or
vascular permeability factor, is the main positive re-
gulator of angiogenesis. Unlike other factors, VEGF
produces its mitogenic effect only on endothelial cells.
VEGF is a homodimeric abundantly glycosylated pro-
tein with a molecular weight of 46-48 kDa. There are
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at least 5 isoforms of VEGF that display the same
biological activity, but differ in biological availability
[20]. This characteristic is determined by the size of
molecules and regulated at the gene (alternative spli-
cing of mRNA) and epigenome levels (proteolytic
cleavage of synthesized molecules with the involve-
ment of plasminogen activators). Molecules consisting
of 121 and 165 amino acid residues are the main so-
luble and biologically active forms of VEGF. VEGF-
165 is the major isoform of VEGF in tissues.

Three receptors for VEGF (receptor tyrosine ki-
nases) are localized on the surface of endothelial cells.
VEGF-1 receptor is the product of flt-1 genes. VEGF-2
receptor receiving the name KDR is a human homologue
of mouse flk-1 genes. As differentiated from VEGF-1
and VEGF-2 receptors, VEGF-3 receptor (product of fIz-
4 genes) interacts with the VEGF homologue (VEGF-
C), but not with classic VEGF (VEGF-A). These re-
ceptors are transmembrane glycoproteins with a mole-
cular weight of 170-235 kDa. For efficient binding,
VEGF should interact with heparin-like components
of the extracellular matrix (ECM).

Apart from mitogen-activated protein kinase cas-
cade, which is common for most receptor kinases and
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regulates expression of proliferation-associated genes,
c-ets-1 protooncogene encoding transcriptional factor
Ets-1 is the most important gene controlled by VEGF
in endothelial cells. /n situ hybridization showed that
c-ets-1 is expressed in endothelial cells at the early
stage of angiogenesis [76]. The product of this gene
Ets-1 contributes to the expression of angiogenic phe-
notype in these cells. Ets-1 activates gene transcription
and synthesis of proteins for proteases that cleave
ECM, including urokinase plasminogen activator, stro-
melysin, collagenase 1, MMP-1, MMP-3, MMP-9,
and [3,-integrin [65]. These effects are most prono-
unced 2 h after addition of VEGF and other angio-
genic factors (acid and basic fibroblast growth factors
and epidermal growth factor) and can be blocked with
antisense oligonucleotides to ets-1 [38]. Protease acti-
vation facilitates disintegration of endothelial cells
and their invasion into the basal layer of vessels, po-
tentiates generation of products formed after ECM de-
gradation and promoting chemotaxis of endothelial
cells, and initiates and mobilizes growth factors in
ECM [56].

Role of VEGF in the Regulation of
Angiogenesis during Breast Cancer

M. Toi et al. [70-72] showed that microvascular den-
sity and increase in this parameter evaluated by im-
munohistochemical staining for factor VIlI-related
antigen are higher in tumors with intensive staining for
VEGF compared to those with weak staining for VEGF.
VEGEF is mainly localized in the cytoplasm of tumor
cells. It was revealed that VEGF expression correlates
with expression of other angiogenic factor, platelet-
derived endothelial cell growth factor. VEGF concen-
tration in highly vascularized tumors markedly sur-
passes that in low vascularized tumors [73,74]. No
relationship was found between tissue levels of VEGF
and other potentially angiogenic factors, including
basic fibroblast growth factor and hepatocyte growth
factor. Moreover, the concentrations of these factors
do not correlate with microvascular density.

H. Yoshiji et al. [83] compared expression of
VEGF, Flt-1 receptor, basic fibroblast growth factor,
and platelet-derived growth factors-o and -[3 in breast
cancer (BC) tissues and surrounding normal tissues of
the mammary gland by means of immunohistoche-
mical assay. Only expression of VEGF in tumor cells
markedly surpassed that in normal cells. Studies with
RNA hybridization technique showed that VEGF ex-
pression in tumor is higher than in normal tissues
[2,3,29]. Moreover, VEGF expression increases in in-
traductal BC and positively correlates with activity of
angiogenesis (as estimated by immunohistochemical
staining for factor VIlI-related antigen) [29].
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H. Zhang et al. [85] first provided direct evidence
for the effect of VEGF from BC cells on angiogenesis.
The VEGF-121 gene was transfected into estrogen-
dependent BC cells of line MCF-7. Expression and
secretion of VEGF by transfected cells (V12) were
confirmed by 3 independent methods: competitive ra-
dioreceptor analysis, in vitro stimulation of growth in
human endothelial cells, and induction of angiogenesis
in rabbit cornea. After transplantation of V12 cells to
athymic nude mice they produced more vascularized
tumors with the heterogeneous distribution of vessels
compared to parent MCF-7 cells. V12 tumors grew
more rapidly than MCF-7 tumors. It should be em-
phasized that the sensitivity of cells to tamoxifen and
their hormone dependence remained unchanged.

Studies with antibodies against VEGF demon-
strated its effects on the growth and metastasizing of
BC. Experiments on mice with spontaneous BC char-
acterized by high risk of lung metastases showed that
polyclonal antibodies against VEGF inhibit tumor
growth (by 44%) and decrease the incidence and size of
lung metastases (by 73 and 84%, respectively) [77,78].

H. Lichtenbeld et al. [50] developed a method for
estimating angiogenic activity of various mammary
gland tissues in vivo. Samples of tumor and normal
tissues from the mammary gland were placed in a
chamber formed by the dorsal skin fold in athymic
nude mice. The induction of angiogenesis was eva-
luated. BC samples and tissues of the mammary gland
with hyperplasia and apocrine metaplasia markedly
activated angiogenesis. In 66% patients with BC sam-
ples from histologically unchanged regions of mam-
mary gland tissues stimulated angiogenesis. By con-
trast, mammary gland tissues obtained during cosmetic
surgeries did not modulate angiogenesis. It should be
emphasized that the induction of angiogenesis coin-
cided with VEGF production by tumor cells or mam-
mary gland cells.

The regulation of neoangiogenesis in BC and other
tumors involves the paracrine system. In this system
VEGEF is produced by tumor cells. Receptors for VEGF
that receive the signal are localized on vascular endo-
thelial cells. L. Brown et al. revealed the existence of
this paracrine system in BC [9]. Tissue samples from
68 patients with BC were assayed by in situ RNA
hybridization. VEGF expression was high in cells of
invasive, metastatic, and intraductal breast carcino-
mas. Vascular endothelial cells in these tumors ex-
pressed receptors for VEGF-1 and VEGF-2. Studies
performed by A. Kranz et al. [43] produced similar
results. Receptors for VEGF (KDR) were revealed
also on epithelial cells of mammary ducts. There is
evidence for the existence of VEGF receptors (Flt-1
and Flk-1) on BC cells. It should be emphasized that
VEGF and Flk-1 receptor expression correlates with
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the index of tumor cell proliferation estimated by ex-
pression of the Ki-67 antigen [80]. Published data
show that tumor cells and stromal cells isolated from
primary human breast carcinomas in vitro produce
VEGF. The intensity of VEGF production in these
cells is much higher than in cells from normal mam-
mary gland [69]. The polymerase chain reaction (PCR)
analysis showed that tumor cells mainly contain re-
ceptors for VEGF-2 (KDR/Flk-1), while stromal cells
express only VEGF-1 receptors (FlIt-1). These data
indicate that in patients with BC, VEGF not only sti-
mulates neoangiogenesis, but also acts as the auto-
crine/paracrine regulator of proliferation of tumor and/
or stromal cells.

It was hypothesized that in patients with BC, VEGF
interacts with Flt-1 receptors and stimulates migration
of macrophages into the tumor tissue. Macrophages
synthesize various angiogenic factors (e. g., VEGF)
and stimulate angiogenesis. A positive correlation
was found between the index of tumor tissue infil-
tration by macrophages and intensity of VEGF expres-
sion [49].

VEGEF secretion by BC cells is induced by various
exogenous and endogenous factors. Cultured BC cells
with various biological phenotypes markedly differ in
the basal expression of VEGF mRNA and its sensi-
tivity to stimuli. Hypoxia most efficiently induces
VEGF expression in various cells, while steroid hor-
mones do not modulate this process [67].

HIF-1 plays an important role in the stimulation
of neoangiogenesis in hypoxia [8]. This transcriptional
factor is induced during hypoxia. Considerable
amounts of HIF-1 in BC tissues correlate with high in-
dex of proliferation and intensive expression of VEGF
and estrogen receptors (ER). No relationship was found
between expression of HIF-1 and VEGF in BC cells
and expression of the apoptosis-inducing factor p53.
However, the inhibitor of apoptosis Bcl-2 potentiated
the stimulatory effect of hypoxia on VEGF synthesis
in BC cells [5]. Hybridization assay showed that MCF-7
cells overexpressing Bcl-2, possessing high metastatic
potential, and resistant to adriamycin are characterized
by more intensive expression of mRNA for most an-
giogenic isoforms of VEGF (VEGF-121 and VEGF-
165) compared to parent MCF-7 cells. Bcl-2-trans-
fected cells in vivo formed tumors with a higher de-
gree of vascularization and more intensive expression
of VEGF than parent cells.

At the same time, VEGF that acts as the survival
factor for endothelial cells not only stimulates their
proliferation, but also inhibits apoptosis via the in-
duction of Bcl-2 expression [59]. It should be em-
phasized that VEGF produced the same effect on BC
cells. Therefore, VEGF acts as the antiapoptotic factor
not only in endothelial, but also in tumor cells.
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Various growth factors and signal molecules are
involved in the regulation of VEGF expression in BC
cells. L. Yen et al. [82] studied a panel of BC cell
lines characterized by stable overexpression of a
ligand-free receptor ErbB-2. Heregulin-B1 interacting
with ErbB-3 and ErbB-4 receptors induced VEGF ex-
pression in most BC cells, but not in normal mam-
mary gland cells. Basal secretion of VEGF was inten-
sified in cells with high content of ErbB-2. In T47D
cells with functionally inactivated ErbB-2, basal
secretion of VEGF and its induction by heregulin
were suppressed. The effects of heregulin on VEGF
synthesis are realized via the classic signal pathway
with phosphatidylinositol-3 kinase and protein ki-
nase B (Akt) and induction of transcriptional factor
HIF-1 that stimulates expression of the VEGF gene
[6,47].

Several growth factors belonging to the family of
platelet-derived growth factor-[3 probably regulate VEGF
expression in BC cells. A positive correlation was
found between the concentrations of platelet-derived
growth factor-f, and VEGF in tumor tissues and plas-
ma from patients with BC. In in vitro experiments
platelet-derived growth factor-f, induced production
of VEGF by cultured MDA-MB-231 cells [17]. In-
tensive expression of platelet-derived growth factor-f3,
and its receptors is typical of tumors with high micro-
vascular density [13,14].

Hormonal regulation of VEGF synthesis in BC
cells by sex steroids (particularly by estrogens) is still
the controversial subject. Although estrogens induce
VEGF-mediated angiogenesis in the endometrium [35],
there is no evidence for the existence of this mecha-
nism in BC. Experiments with cultured MCF-7 cells
showed that 17(-estradiol (E,) produces a biphasic
increase in the synthesis of VEGF mRNA, which is
accompanied by accumulation of the corresponding
protein in the culture medium [62]. Anti-estrogen ICI
182.780 blocked this effect, which suggests that it is
realized via ER. However, classic antiestrogens tamo-
xifen and toremifen producing the partial estrogenic
effect did not abolish VEGF induction by E,, but even
initiated VEGF synthesis. Molecular and biological
assays showed that ER are involved in the regulation
of VEGF synthesis in BC cells. The VEGF gene in-
cluded 2 sequences, which are homologous to estro-
gen-sensitive elements and specifically bind ER-0 and
ER-B [34]. The effects of estrogens and antiestrogens
on VEGF synthesis probably depend on the type of
BC cells. Published data show that in vivo growth
of human BC KPL-1 cells was stimulated by ICI
182.780, but inhibited by E, [44]. E,-propionate bloc-
ked angiogenesis and stimulated apoptosis in tumors
containing KPL-1 cells. E, in vitro had no effect on
VEGEF synthesis and rate of cell proliferation. It should
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be emphasized that VEGF expression in KPL-1 cells
was induced by medroxyprogesterone acetate.

S. Hyder et al. [33,36] also demonstrated an in-
ducing effect of progestins on VEGF synthesis in BC
cells. Experiments with T47-D cells showed that pro-
gesterone dose-dependently increases VEGF content
in the culture medium (by 3-4 times). Progesterone in
a concentration of 10 nM produced the most prono-
unced effect. However, other steroid hormones (estro-
gens, androgens, and glucocorticoids) did not modulate
VEGEF production. Moreover, progestins had no effect
on other BC cell lines, including hormone-dependent
MCF-7 and ZR-75 cells and hormone-independent
MDA-MB-231 cells. The effect of progesterone on
T47-D cells was blocked by antiprogestin RU-486,
which suggests that these changes are realized via the
classic receptor mechanism. Interestingly, plasma
VEGF level in women is low in the luteal phase of the
menstrual cycle and inversely depends on plasma pro-
gesterone concentration [32]. The plasma obtained du-
ring this period was less potent than that taken in phase
I of the menstrual cycle in stimulating VEGF pro-
duction by MCF-7 cells.

Expression of VEGF-A isoforms in tumors and
surrounding normal tissues of the mammary gland
from 19 patients with BC was studied by PCR ana-
lysis. The intensity of VEGF expression in normal
mammary gland of premenopausal patients far surpas-
sed that in postmenopausal women. Moreover, expres-
sion of VEGF in normal tissues decreased with aging.
However, VEGF expression in the tumor tissue did not
depend on the age and menopausal status of patients
[28]. These data suggest that angiogenesis in normal
mammary gland is regulated by hormones, while du-
ring malignant transformation this control is lost.

Apart from best known and most abundant angio-
genic factor VEGF-A, there are other factors belon-
ging to the VEGF family (VEGF-B, VEGF-C, and
VEGF-D). Functional activity of VEGF-C was exten-
sively studied. This factor interacts with VEGF-3 re-
ceptors (Flt-4) on endothelial cells of lymphatic ves-
sels and stimulates lymphangiogenesis. Experiments
on athymic nude mice with a new marker of lymphatic
endothelium LYVE-1 showed that overexpression of
VEGF-C in BC cells contributes to the development
of metastases in regional lymph nodes and lungs [68].
As differentiated from VEGF-A and VEGF-B present
in BC tissues independently on the stage of the dis-
ease, VEGF-C is found only in tumors with lymph
node metastases. VEGF-D was detected only in in-
flammatory BC tissues [44]. At the same time, VEGF-
C receptor expression in invasive and intraductal breast
carcinomas was higher than in normal mammary gland
and fibroadenomas. However, VEGF-3 receptor ex-
pression increased in endothelial cells of blood ves-
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sels, but not in lymphatic vessels [75]. It was hypo-
thesized that VEGF-C and VEGF-A act as angiogenic
factors for blood vessels. It cannot be excluded that
VEGF-C is involved in the regulation of lymphangio-
genesis.

Thus, VEGF plays an important role in BC. This
factor produces paracrine and autocrine effects on the
endothelium of blood vessels, cells of tumors and
tumor stroma, infiltrating macrophages, and cells of
lymphatic vessels and stimulates the growth and sprea-
ding of tumors. These data indicate that VEGF can
serve as a biological prognostic criterion of BC and
the major target for antiangiogenic antitumor therapy.

Diagnostic Value of VEGF Assays
in Patients with BC

Published data show that high content of VEGF is an
independent predictor of poor prognosis in BC at the
early stage and/or low sensitivity of patients with spread
tumors to standard hormonal preparations and radio-
or chemotherapy [2,12,19,21,24-27,29,51-53,55,57,61,
67,68,70,72,83]. It was important to evaluate whether
various antiangiogenic preparations can be used for
adjuvant therapy of patients with high VEGF con-
centration in tumor tissue. However, general metho-
dical approaches and criteria that would allow us to
reveal patients with high content of VEGF are still not
elaborated.

Clinical value of high VEGF content in tissues
from patients with BC attracts recent attention. In pa-
rallel with these assays, the following questions are
studied: whether intensive expression of VEGF in tu-
mor tissues affects the content of this protein in blood
serum/plasma; and whether the concentration of cir-
culating VEGF reflects its content in tumor tissues and
activity of angiogenesis. In 1996-1997 the first ex-
periments showed that blood VEGF level increases in
patients with tumors. Examination of patients and do-
nors (including 137 patients with BC) revealed that in
8.8% patients plasma VEGF content surpasses a thresh-
old concentration of 180 pg/ml [81]. Plasma VEGF
concentration correlated with the extent of tumor spread
and VEGF expression in tumor tissues. VEGF-165
was the main isoform of VEGF in the plasma.

L. Dirix et al. [16] reported that VEGF level in-
creases in 57% patients with untreated metastatic can-
cer independently on its localization. After therapy
VEGF content increased in ?/; of the patients with
progressive tumors and less than in 10% patients with
favorable clinical course of the disease.

P. Salven et al. [64] examined patients with va-
rious tumors (including BC). They showed that in pa-
tients with disseminated cancer, plasma VEGF level
is much higher than in healthy donors and patients
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with local tumors. In 74% untreated patients with dis-
seminated cancer, plasma VEGF concentration sur-
passed 200 pg/ml, but decreased after successful ther-
apy. Studies of A. Kraft et al. [42] produced similar
results. These authors reported that plasma VEGF con-
centration increases in 0-20 and 11-65% patients with
local and metastatic tumors, respectively. It should be
emphasized that in these observations VEGF level in
healthy donors was much higher than that revealed
previously. Studies of these authors and B. Zebrowski
et al. [84] demonstrated that VEGF concentration in
ascitic fluid from patients with tumors considerably
surpasses that in patients with non-tumor ascites.

P. Salven et al. [63] showed that plasma VEGF
level in patients with metastatic BC is much higher
than in patients with benign tumors. VEGF concen-
tration in patients with local BC surpassed that in pa-
tients with benign tumors (insignificantly). In patients
with metastatic cancer treated with specific drugs VEGF
content was lower than in patients receiving only sym-
ptomatic therapy. Interestingly, plasma VEGF level in
patients with locally spread invasive ductal carcino-
mas was significantly higher than in patients with in-
vasive lobular carcinoma. It should be emphasized that
in the latter group this parameter was lower than in
patients with benign tumors. These results are consis-
tent with published data that in ductal BC tissues the
concentrations of mRNA and VEGF are higher than
in lobular carcinoma tissues [48]. Ductal and lobular
carcinomas did not differ in microvascular density.
Only in ductal carcinoma tissues a positive correlation
was found between mRNA and VEGF contents and vas-
cular density. It can be suggested that VEGF regulates
angiogenesis primarily in ductal BC tissues.

The contents and expression of VEGF were com-
pared in tumor tissues and plasma. G. Callagy et al.
[10] assayed tissue expression of VEGF by immuno-
histochemical methods. The authors revealed that this
parameter, but not plasma VEGF concentration, cor-
relates with microvascular density and stage of BC.
Therefore, tissue expression of VEGF is a more re-
liable prognostic factor than plasma VEGF concen-
tration. No relationship was found between plasma
level of VEGF and its expression in tumor tissues.

J. Adams et al. [1] immunohistochemically mea-
sured VEGF content in the serum and plasma and
VEGF expression in tissues from 201 patients with
local and spread BC and benign tumors of the mam-
mary gland and healthy women. In patients with meta-
static BC, VEGF content in the plasma and serum
surpassed normal. Plasma VEGF concentration in pa-
tients with metastatic BC was higher than in patients
with benign tumors and local BC. In patients with
local BC only plasma VEGF level surpassed the con-
trol. These data suggest that plasma concentration of
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VEGF more adequately reflects its production in tu-
mor tissues, since serum VEGF is primarily released
from platelets. Surprisingly, VEGF concentration in
the plasma and serum was highest in BC patients
during remission receiving tamoxifen. No correlation
was found between the concentration of circulating
VEGF and any of the prognostic factors, including
microvascular density and tissue expression of VEGF.

These data indicate that there is no evidence that
the measurements of VEGF concentrations in the se-
rum and plasma can be used instead of assays of tis-
sue protein expression to study angiogenesis, make
prognosis of the disease, and evaluate the efficiency
of therapy.

VEGF-Dependent Angiogenesis as the
Target for Antitumor Therapy during BC

Angiogenesis plays an important role in the growth
and spreading of BC, and VEGF is a key factor in-
volved in this process. Therefore, directional inhibi-
tion of FEGV expression and/or blockade of its effects
hold much promise for the elaboration of new appro-
aches to adjuvant therapy of this disease [30,31]. Sub-
stances nonspecifically blocking the interaction be-
tween various growth factors and tyrosine receptors (e.
g., less toxic suramin analogues) were proposed as
antiangiogenic agents. These agents should be used in
combination with compounds initiated under hypoxic
conditions, since the inhibition of angiogenesis pro-
motes their activation.

At present more than 20 angiogenic modulators
undergo phase I clinical trials in USA [40].

J. Folkman [22] classified antiangiogenic prepara-
tions into direct and indirect inhibitors of angioge-
nesis. Various substances producing direct effect on
endothelial cells, including angiostatin, endostatin,
TNP-470, and combrestatin, and natural inhibitors of
angiogenesis thrombospondins and pigment epithe-
lium-derived factor are direct inhibitors of angioge-
nesis. The distinctive feature of these preparations is
that they do not cause the resistance in endothelial
cells and, therefore, may be used for a long time. In-
direct inhibitors of angiogenesis are presented by pre-
parations that modulate production of angiogenic fac-
tors by tumor cells or block their effects at various
stages of the process. These preparations include mo-
noclonal antibodies or antisense oligonucleotides to
VEGF and its receptors. Since the effects of indirect
inhibitors are directly associated with tumor cells or
their ability to produce angiogenic factors, the prob-
ability of resistance to these preparations and tradi-
tional antitumor agents is similar.

The preparation with an unknown mechanism of
the antiangiogenic influence, thalidomide, was first
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introduced as a sedative in the 1970s and then for-
bidden due to the teratogenic side effect. Now this
preparation undergoes phase II clinical trials as the
antitumor drug [18]. Patients with BC did not display
any objective reaction to thalidomide in a dose of 100
mg. However, partial response or stabilization was
observed in 6 of 18 patients with renal cancer.

Previous experiments with the induction of angio-
genesis in rabbit cornea by VEGF-producing MCF-7
cells showed that the thalidomide analogue linomide
in a dose of 100 mg/kg efficiently inhibits this process
[86]. Monoclonal anti-VEGF antibodies MV 833 sup-
press the growth of human BC xenotransplants in
athymic nude mice [4]. However, no correlation was
found between the inhibitory effect of MV833 and
amount of VEGF secreted in tumor tissues or expres-
sion of VEGF receptors. Experiments with transplan-
tation of spheroids consisting of BC cell lines MCF-
7, ZR-75, and SK-BR-3 into the subcutaneous dorsal
chamber in athymic nude mice demonstrated that mo-
noclonal anti-VEGF antibodies A4.6.1 in a daily dose
of 200 pg markedly suppress angiogenic activity of
these cells and promote the antitumor effect of doxo-
rubicin [7].

ZD4190, low-molecular-weight specific inhibitor
of tyrosine kinase in VEGF-1 and VEGF-2 receptors
displayed considerable antitumor activity on BC he-
terografts [79]. However, peroral administration of
this preparation in doses producing no direct antipro-
liferative effect on tumor cells markedly inhibited the
growth of tumors with a size of 0.5 cm®. Tyrosine
kinase inhibitor ZD1839 (Iressa) acting as a selective
inhibitor of tyrosine kinase of endothelial growth fac-
tor receptors also possessed antiangiogenic activity in
relation to BC heterografts [11]. It is believed that this
preparation inhibits VEGF synthesis induced by li-
gands of the receptor for endothelial growth factor,
but does not produce the direct effect on VEGF re-
ceptors. Probably, humanized monoclonal antibodies
against ErbB2/neu also indirectly modulate angio-
genesis [39].

Preparations that produce functional disturbances
in microtubules act as potent inhibitors of angioge-
nesis. 2-Methoxyestradiol and Taxol possessing these
properties inhibit VEGF-induced angiogenesis by 54
and 37%, respectively [1]. 2-Methoxyestradiol sup-
presses the growth of human BC implanted to athymic
nude mice by 60%. Experiments on mice with highly
vascularized breast tumor Met-1 demonstrated anti-
angiogenic activity of Taxol [46]. Taxol in noncyto-
toxic daily doses of 3-6 mg produced an antiangio-
genic effect, which was associated with inhibition of
VEGEF secretion.

These properties of Taxol were used to evaluate
the efficiency of therapy in patients with metastatic
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BC [54]. Observations were performed on 14 patients
receiving 3 courses of monotherapy with Taxol (175
mg/m? intravenously) for 21 days. Plasma VEGF con-
centration was measured by enzyme immunoassay be-
fore and after each course of the therapy. Partial re-
sponse to the therapy, stabilization, and progression of
the disecase were observed in 3, 6, and 5 patients, re-
spectively. Plasma VEGF level before the therapy was
high in 8 of 14 patients. The mean concentration of
VEGEF decreased after treatment with Taxol in patients
with partial response and stabilization, but remained
unchanged in patients with progression of the disease.
It should be emphasized that the number of patients,
in which VEGF content returned to normal or decrea-
sed more than by 50%, was much higher in the group
with partial response (5 of 9 patients) than in the group
with progression of the disease (none of 5 patients). It
was hypothesized that the stabilizing effect of Taxol
in patients with invasive tumors is associated with in-
hibition of VEGF secretion and blockade of angio-
genesis.

Experiments on immunodeficient mice showed
that gene therapy can be used to suppress angiogenesis
and inhibit BC growth [15]. The plasmid containing
genes for the natural inhibitor of angiogenesis endo-
statin was introduced 2 times into mouse Mca-4 tu-
mors at a 7-day interval. Fourteen days after the first
treatment tumor weight decreased by 51% compared
to the control. These changes were accompanied by an
increase in the distance between tumor cells and adja-
cent vessels, decrease in the total density of vessels,
and intensification of apoptosis in tumor cells con-
taining and expressing the endostatin gene.

Another approach to antiangiogenic therapy of
BC is the use of antisense cDNA for VEGF. S. A. Im
et al. [37] transfected human BC cells MDA231-MB
with the adenoviral vector containing cDNA for
VEGF-165 (Ad5SCMV-alphaVEGF). Transfection in
vitro inhibited VEGF secretion, but had no effect on
the growth of cells. In vivo injection of AdSCMV-
alphaVEGF in tumors formed by MDA231-MB cells
in athymic nude mice was followed by the inhibition
of their growth, suppression of VEGF expression in
the tumor tissue, and decrease in microvascular density
(compared to animals receiving the vector without anti-
VEGF cDNA).

Experimental data indicate that various direct and
indirect antiangiogenic methods can be used for the
therapy of patients with breast cancer. However, no
evidence for clinical efficiency of these techniques
was provided. Most authors believe that indirect and,
particularly, direct antiangiogenic preparations pro-
ducing the cytostatic (not cytotoxic) effect in patients
with large tumors should not be used as monotherapy,
but are complementary to standard therapy.
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