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Introduction
Angiogenesis is the physiological process through which new 

blood vessels form from pre-existing blood vessels and it is a critical 
part of development and wound healing.1 This vascular network can 
originate in three ways: new blood vessels can sprout from existing 
vessels; new vessels can arise from bone marrow derived endothelial 
progenitor cells; or capillary walls can invaginate into their lumen 
and cause existing vessels to split into two new vessels.1 In order for 
any of these processes to occur, there must be a balance between pro-
angiogenic and anti-angiogenic growth factors, as any tip in balance 
can lead to physiological problems.2 Of these factors, vascular 
endothelial growth factor (VEGF), which regulates endothelial cell 
(EC) proliferation, permeability and survival, is one of the most 
specific and critical regulators of angiogenesis.2,3 Loss of even a single 
VEGF allele during embryogenesis can result in the death of the 
embryo, which implicates how essential this growth factor is in early 
development.3 In addition to stimulatory molecules, other intrinsic 
factors such as, hypoxia, hypoglycemia, and mechanical stress can 
also induce angiogenesis as well.2

Over the past few decades, research has shown that angiogenesis 
may be the fundamental step that transitions benign tumors into 
malignant tumors.1 Tumors require a rich vascular supply, which 
provides oxygen and nutrients necessary for growth.4 Tumor 
angiogenesis is unique in that the vascular structures grow in an 
unregulated and abnormal fashion.1 The imbalance of pro- and anti-
angiogenic signaling within tumors creates an abnormal vascular 
network characterized by dilated and hyper permeable vessels.1 
Furthermore, this atypical vasculature enables the tumor cells to 
become more resistant to hypoxia, which helps them overcome the 
cytotoxic functions of immune cells and evade the host immune 
system.1

According to the National Breast Cancer Foundation, breast cancer 
is the second leading cause of death and one out of every eight women 

will be diagnosed with breast cancer in their lifetime. Breast cancer 
patients generally have one of the three types of tumors: estrogen 
and/or progesterone receptor positive (e.g. hormone positive (HR) 
tumors), human epidermal receptor 2 amplified (HER2-amplified) 
tumors, or triple negative breast cancer (TNBC) tumors.5 Since 2008, 
there has been a 20% increase in breast cancer cases.4 Along with most 
other cancers, its etiology can be due to multi factorial reasons and 
as such, is difficult to pinpoint the optimum form of treatment. The 
primary treatment for breast cancer is complete removal of the tumor 
tissue, either through mastectomy or lumpectomy.4 If this treatment 
is not an option, adjuvant therapies such as radiation, chemotherapy, 
anti-hormone therapy, targeted HER2 therapy and anti-angiogenesis 
therapies can then be administered.4

Targeted cancer therapy involves understanding the specific 
characteristics of cancer cells that make them different from normal 
cells. By targeting these specific factors, scientists can focus on 
eradicating cancerous cells while leaving healthy cells unharmed, thus 
lessening the likelihood of side effects during cancer treatment. In 
1971, Folkman J6 proposed that targeting pro-angiogenic factors could 
be useful in cancer treatment.6 Given the extent of neo vessel formation 
in breast tumors, angiogenesis inhibitors are a widely investigated 
and utilized form of chemotherapy. Angiogenesis inhibitors aim to 
interfere with the signaling pathways that allow molecules to bind to 
endothelial cell (EC) receptors and facilitate blood vessel growth, thus 
slowing or inhibiting tumor growth and metastasis.3

Currently, there are over 20 anti-angiogenic drugs that have proven 
to be clinically useful in the treatment of breast cancer. Although these 
drugs will not likely cure breast cancer, it is anticipated that research 
with these agents will prevent the expansion of tumor masses, cause 
tumor dormancy, or sustain regression of the tumor. Because there are 
number of ways vessels can be targeted, this review aims to examine 
some of the most recent emerging anti-angiogenic therapies along 
with present clinically useful drugs in the treatment of breast cancer.
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Abstract

Breast cancer is a debilitating disease, which, according to the National Breast Cancer 
Foundation will affect one in eight women. While the etiology of the disease is multi 
factorial, angiogenesis, the growth of new vessels from pre-existing vessels, plays a central 
role in the progression of the disease. Over the past few decades, research has shown that 
angiogenesis may be the fundamental step that transitions benign tumors into malignant 
tumors. Endothelial cells (ECs) secrete pro-angiogenic factors that facilitate vascular 
network formation, thus providing tumors with the necessary oxygen and nutrients for 
growth and metastasis. Angiogenesis inhibitors aim to interfere with the signaling pathways 
that promote tumor angiogenesis. Angiogenic inhibition may be accomplished via targeting 
of pro-angiogenic molecules, cell surface receptors, signaling pathways, or through 
inhibition of other molecular events. In addition to these emerging therapies, there are 
several anti-angiogenic drugs that have been proven to be clinically useful in the treatment 
of breast cancer. It is anticipated that research with these agents will prevent the expansion 
of tumor masses, cause tumor dormancy, or sustain regression of the tumor. This review 
aims to examine some of the most recent emerging anti-angiogenic therapies along with 
present clinically available anti-angiogenic drugs in the treatment of breast cancer.
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Clinically available anti-angiogenic therapies

Tamoxifen is a partial estrogen receptor antagonist and has proven 
to be an effective therapeutic agent in the treatment of estrogen 
receptor positive breast cancers.7 A review by Jordan C7 stated that 
estrogen, upon binding to its receptor, causes an increase in TGF-α, 
a transforming growth factor which aids tumor cell survival by 
promoting tumor angiogenesis.7 By administering tamoxifen, the 
amount of estrogen bound to estrogen receptors decreases, which in 
turn, decreases the concentration of TGF-α and thus angiogenesis.7

In order to better understand a mechanism(s) responsible for 
tamoxifen’s anti angiogenic effects, Haran EF et al.,8 conducted an 
experiment to investigate the effects of tamoxifen on the growth, 
distribution and density of ECs in tumors from estrogen supplemented 
or non-supplemented xenograft MCF7 breast tumors.8 After 2 weeks of 
treatment, their results demonstrated that the average tumor size in the 
control tumors (non tamoxifen injected cells) was 1.64 cm3 (P<0.007) 
while the average tumor size in the tamoxifen-injected tumor cells 
was 0.67 cm3 (P<0.03).8 Investigating EC density, the authors showed 
that the percent area occupied by ECs, identified through use of 
biotinylated lectin antibody, was 10.2% in control tumors and 4.4% 
in tamoxifen injected tumor cells (P<0.0001).8 Overall, it appears 
that tamoxifen reduced EC proliferation, which in turn halted tumor 
growth.8 Results of this study suggest that tamoxifen alone can be 
used as a form of anti-angiogenic treatment for breast cancer.7,8 

Given the role for tamoxifen as an anti-angiogenic agent, Gagliardi 
A & Collins DC9 sought to examine the anti-angiogenic properties of 
tamoxifen in combination with other estrogen receptors antagonist 
drugs.9 The authors hypothesized that partial estrogen antagonists, 
clomiphene, tamoxifen, and nafoxidine if combined synergistically 
with 17-β estradiol or heparin, would inhibit angiogenesis in the chick 
egg chorioallantoic membrane (CAM), a model for investigating 
neovascularization.9 They found that combining each estrogen receptor 
antagonist individually with either 17-β estradiol or heparin decreased 
angiogenesis in the CAM model in a dose dependent manner.9 It can 
be inferred that they used the anticoagulant, heparin, in order to allow 
the body’s natural clot apoptotic mechanisms to work efficiently, and 
17-β estradiol, a hormone essential in the maintenance of the female 
reproductive system, was added to stabilize the tissue. For example, 
when clomiphene was administered alone, it inhibited angiogenesis 
by 23% but when given in combination with 17β-estradiol or heparin, 
angiogenesis was inhibited by 37% and 29% respectively.9 When 
tamoxifen was given alone, angiogenesis was inhibited by 10% but 
when combined with 17β-estradiol or heparin, angiogenesis was 
inhibited by 37% and 20% respectively,9 Nafoxidine gave similar 
results: 10% when given alone and 14% with 17β-estradiol and15% 
with heparin.9 Similar to previous studies, it was proposed that 
tamoxifen reduced angiogenesis as a result of interfering with estrogen 
binding to its receptor.9 As a result, it can be concluded that, when 
combined with 17β-estradiol or heparin, partial estrogen antagonists 
exert greater anti-angiogenesis activity. This therapeutic strategy may 
be a useful treatment modality for breast cancer.

Growing evidence demonstrates that vascular endothelial growth 
factor (VEGF), a growth factor that facilitates EC proliferation, is 
a critical mediator of angiogenesis. Ferrara N et al.,10  reported the 
first suppression of EC growth in vivo using anti-antibodies directed 
against VEGF. Here, the authors subcutaneously injected anti-VEGF 
monoclonal antibodies in nude mice harboring one of three different 
tumor cell lines: the G55 glioblastoma multiforme, the SK-LMS-1 
leiomyosarcoma and the A673 rhabdomyo-sarcoma.10 Results 
demonstrated that tumor growth inhibition ranged between 70%-95% 

in in vivo trials whereas the antibodies had no effects on the tumor 
cell lines in vitro.10 These results provided the first demonstration that 
anti-VEGF therapy could be useful in treating tumor tissue in vivo.10

Later in 2003, bevacizumab, a monoclonal antibody that targets 
VEGF, was first investigated in a phase 1-2 clinical trial in women with 
chemotherapy refractory metastatic breast cancer.11 The mechanism of 
bevacizumab is that it prevents VEGF from binding with its receptor, 
VEGFR2.11 In this study, patients (n = 75) received increasing doses 
of bevacizumab (3, 10, or 20 mg/kg) every two weeks.11 After 155 
days, 16% of patients had stable disease or a confirmed continued 
response.11 The remarkable extended period of stable disease with 
minimum side effects allowed the drug to continue to the next phases 
of clinical trials.11 By 2005, Miller KD et al.12 had reported the first 
completed phase III trial of antiangiogenic therapy in patients with 
metastatic breast cancer.12 Their study aimed to compare the efficacy 
and safety of a common chemotherapeutic agent, capecitabine, alone 
or in combination with bevacizumab in patients who had previously 
been treated with anthracycline and a taxane.12 Patients were given 
capecitabine (2500mg/m2/d) twice a day every three weeks, alone or 
in combination with bevacizumab (15 mg/kg).12 Their results showed 
that combination therapy significantly increased response rates 
(19.8% vs. 9.1%, P = 0.001) but not progression free survival.12 It 
was also reported that bevacizumab associated toxicities resulted in 
hypertension and proteinuria in approximately 18% of the patients.12 
Because their results did not show a therapeutic advantage, the authors 
concluded that additional pro-angiogenic factors aside from VEGF 
might be responsible for their observations.12 The results of this study 
suggest that the optimal time to intervene in tumor angiogenesis is 
important and the effects of bevacizumab might not be as effective 
when used in combination with other chemotherapeutic agents.12

To further investigate the properties of bevacizumab in 
combination with other chemotherapeutic drugs, Miller KD et al.12 
conducted the next randomized phase III clinical trial to study the 
safety and efficacy of using paclitaxel, a mitotic inhibitor, alone or 
in combination with bevacizumab in patients with metastatic breast 
cancer.12 The researchers randomly assigned 772 patients into two 
groups: half received paclitaxel and the other half received paclitaxel 
plus bevacizumab.12 Results of the study showed that patients who 
received paclitaxel plus bevacizumab had significantly prolonged 
progression free survival but not overall survival.12 According to the 
results, the authors believe that bevacizumab targeted the VEGF-A 
isoform, which is a more potent factor in inducing vasodilation 
and pathogenic angiogenesis. They also found that treatment with 
bevacizumab in initial of the experiment were more effective when 
angiogenic pathways were more VEGF- dependent.13 Later in the trial, 
it was found that patients were developing resistance to bevacizumab 
over time, which may account for the reason that the drug is ineffective 
in later parts of treatment.12 Thus, the results of this study suggest 
that the most successful clinical application of angiogenesis inhibitors 
is during the initial periods of cancer treatment when there are less 
angiogenic pathways present.12

This overall history of bevacizumab is important to understand 
because it was one of the first monoclonal antibody therapies used to 
directly target angiogenesis. After the randomized phase III clinical 
trial by Miller KD et al.,12 bevacizumab was granted an accelerated 
approval by the US Food and Drug Administration (FDA).14 The FDA 
reversed this decision two years later in 2010 because there were safety 
concerns that the risks outweighed the benefits in terms of prolonged 
progression free survival.14 Although bevacizumab is no longer a 
treatment modality for breast cancer, the drug however is approved 
for the treatment of many other types of cancer such as metastatic 
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colorectal cancer, metastatic renal cell carcinoma, metastatic cervical 
cancer, and ovarian cancer when combined with chemotherapy.14

Although anti-angiogenic agents tested in clinical trials have 
proven beneficial, the clinical utility of these studies remains 
uncertain due to the absence of data on overall survival, development 
of additional toxicities, and substantial costs associated with the 
ongoing research.15 Studies have also suggested that the population of 
patients selected for research is essential since some metastatic breast 
cancer patient’s benefit from anti-angiogenic agents over others.15 The 
observation that anti-angiogenic agents impart resistance to the drug 
over time is an additional challenge for conducting long-term studies.15 
Furthermore, since there are numerous pro-angiogenic factors that 
regulate tumor growth and angiogenesis, targeting one or two factors 
may not be a beneficial form of long-term treatment.15 With regard 
to targeting angiogenic pathways, research has still not pinpointed 
exact biological predictors of clinical success; hence additional work 
on anti-angiogenic factors necessitate further investigation so as to 
elucidate better targeted therapies.

Emerging anti-angiogenic therapies

In recent years, many studies have utilized in vitro and in vivo 
models to investigate novel approaches to target angiogenesis. 
This section will examine some of the most recent emerging anti-
angiogenic therapies in targeting angiogenic mechanisms in breast 
cancer.

Inhibition through direct targeting of pro-angiogenic 
molecules

As previously discussed, one way to target angiogenesis is to 
directly target pro-angiogenic molecules, thus preventing association 
with their cognate receptors. Angiopoietin-2 (Ang2) is one of several 
pro-angiogenic factors that play a critical role in tumor progression.16 
Recently, He T et al.,16 utilized miRNA-542-3p to target Ang2 and 
thus tumor angiogenesis.16 In this study, the authors administered 
miRNA-542-3p to tumor bearing mice and observed that miRNA-
542-3p inhibited translation of Ang2 mRNA by binding to its 3’UTR 
and as a result, reduced EC proliferation and tumor angiogenesis.16 To 
investigate anti-angiogenic properties of miRNA-542-3p in-vivo, they 
used lenti viruses containing miRNA-542-3p for treatment of tumor 
bearing mice.16 The results demonstrated that LV-miRNA-542-3p 
strongly suppressed tumor volume and also relative vessel density in 
vivo.16 To observe anti-angiogenic properties in vitro, a tube formation 
and spheroid- based EC sprouting assay showed that miRNA-542-3p 
suppressed capillary tube formation and cell-sprouting ability from 
human umbilical vein endothelial cells (HUVECs).16 In previous 
work, it was shown thatAng2recruited TIE2-expressing monocytes 
(TEMs) that facilitated angiogenesis in mouse tumor models including 
spontaneous MMTV-PyMT mammary and RIP1-Tag2 pancreatic islet 
adenocarcinomas.17 As a result, the authors additionally proposed that 
miRNA-542-3p targeted TEM signaling through its actions on Ang2, 
which further decreased tumor metastatic and angiogenic properties.16 
Since this is a fairly new approach to targeted therapy, the results 
of this experiment suggest that utilizing miRNA is a potential anti-
angiogenic therapeutic approach in the treatment of both breast cancer 
and other solid tumor malignancies.

Fibroblast growth factor (FGF) is another pro-angiogenic growth 
factor and signaling with its receptor (FGFR) has been linked to 
inflammation, cancer, and resistance to VEGF inhibitor treatment.18 
Bono F et al.,19 reported that the chemical SSR128129E (SSR) inhibited 
FGFR signaling by binding to the extracellular FGFR domain.19 To 

study their effects in vitro, they used HUVECs which express FGFR1, 
FGFR2 and FGFR4 and observed that SSR inhibited FGF-2 induced 
EC proliferation, migration and lamellipodia formation in a dose 
dependent manner.19 Furthermore, they also analyzed SSR in tumor 
angiogenesis, growth and metastasis using orthotopic tumor models 
and human xenograft tumor models.19 Here, they demonstrated that 
oral delivery of SSR in murine 4T1 breast tumors reduced tumor size 
and weight by 53% and 40% respectively.19 Tumor cells in this model 
also over expressed several FGFRs, while many FGF ligands were 
also detectable.19 Furthermore, they observed that SSR enhanced the 
antitumor activity of the anti-VEGFR2 antibody DC101 (αVEGFR2) 
in pancreatic tumors as well.19 The results of this study suggest that 
targeting FGFR and thus limiting FGF signaling may serve as a 
potential anti-angiogenic therapy in cancer treatment.

Inhibition through receptor targeting and signaling pathways

Another mechanism for targeting angiogenesis is to block 
angiogenic receptors and signaling pathways. In 2010, Lin L et 
al.,20 developed two small STAT3 inhibitors, FLLL31 and FLLL32, 
which are derived from curcumin, a bioactive substance that inhibits 
oncogenic events.20 To determine whether these compounds effected 
STAT3 target genes, including VEGF, they treated MDA-MB-231 
breast cancer cells with FLLL31 and FLLL32 and examined changes 
in protein expression using western blot.20 It was observed that both 
FLLL31 and FLLL32 reduced the expression of several STAT3 
target genes, including VEGF, as compared to a DMSO control and 
curcumin.20 The results of this study suggest that inhibition of STAT3 
signaling could be a useful anti-angiogenic strategy for breast cancer 
as downstream target genes like VEGF are additionally inhibited.20 
Although the results of this study were intriguing, in vivo studies will 
be necessary in order to confirm the therapeutic benefits.

Transforming growth factor (TGF-β) participates in tissue 
development, remodeling, wound healing with abnormal expression 
linked to various types of cancer.21,22 Wang XG et al.,22 aimed 
to investigate whether silencing TGF-β would affect metastatic 
properties of breast cancer cells.22 In their experiment, they 
transfected MDA-MB-231 cells with TGF-β siRNA and grew ECs 
in conditioned media from TGF-β silenced MDA-MB-231 cells.22 
Results demonstrated that knockdown of TGF-β inhibits migratory 
potential of MDA-MB-231 cells through the inhibition of S100A4, a 
downstream target of TGF-β signaling. Previous studies have shown 
that silencing of S100A4 resulted in reduced EC proliferation and 
angiogenesis in thyroid cancer cells as a result of down regulation 
of MMP-9 and VEGF.23 To directly measure angiogenic properties, 
network formation by human microvascular endothelial cells was 
found to be significantly decreased when these ECs were cultured in 
the presence of TGF-β siRNA.22 The authors concluded that blocking 
TGF-β reduced vascular network formation, and as a result, may be 
a desirable therapeutic strategy for targeting angiogenesis in tumors.

The Notch-signaling pathway is an important regulator of cell 
communication and mediates stem cell survival, cell fate decisions, 
invasion, metastasis, and self-renewal.2 In addition, research 
has shown that the Notch signaling pathway may be involved in 
angiogenesis as it has been shown to increase levels of VEFGR1 
and VEGFR3.24 Funahashi Y et al.,25 demonstrated that VEGFR1 is a 
downstream target of Notch1 signaling in ECs. Their results showed 
that blocking the Notch signaling pathway using a protein based 
inhibitor resulted in decreased VEGFR-1 expression in vivo.25 The 
authors further showed that inhibition of Notch signaling inhibited 
human epidermal growth factor receptor 2 (HER2), an oncogene 
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that is over expressed in many types of breast cancers.26 Several 
studies also suggest that there is bidirectional crosstalk between the 
notch receptor and the EGFR family, which consists of all HER iso 
forms.27 The mechanism of this communication is such that the Notch 
pathway maintains the signals of MAPK/Pl3K, which are downstream 
signals of HER2.27 This cellular communication allows tumor cells to 
upregulate invasive capabilities.22

In 2008, Chi A et al.,28 demonstrated that gamma secretase 
inhibitors (GSIs) are novel agents that prevent the activation of Notch 
signaling targets in MDA-MD-231 breast cancer cells.28 When GSIs 
were used in combination with radiation, there were additive cytotoxic 
effects in MDA-MD-231 breast cancer cells.28

Holland SJ et al.,29 conducted a study to investigate whether 
targeting Axl, a member of the receptor tyrosine kinase (RTK) family, 
could be a potential form of anti-angiogenic therapy for metastatic 
breast cancer.29 Axl activates STAT,29 previously reported to play a 
role in inducing angiogenesis in breast cancer.20 To determine whether 
disrupting Axl reduced angiogenesis in xenograft breast tumors, the 
authors tested the activity of R428, a small molecule inhibitor of Axl 
kinase.29 They observed that R428 suppressed invasion in both MDA-
MB-231 and 4TI breast cancer cell lines in vitro.29 They also observed 
that R428 suppressed breast cancer metastasis of MDA-MB-231 
cells in vivo.29 Furthermore, their results showed that R428 reduced 
the average number of EC vessels and VEGF – induced corneal 
neovascularization in vivo.29 The authors concluded that R428 most 
likely inhibited metastatic growth via suppression of angiogenesis.29

Inhibition through external factors

Accumulating evidence has suggested that leptin, the main 
adipokine secreted by adipose breast tissue, has pro-angiogenic 
effects.30 It has been reported that obese individuals have higher 
levels of leptin31 and as a result, may be more prone to developing 
breast cancer. Gu JW et al.,32 created an animal model to observe 
whether postmenopausal obesity increases VEGF expression and 
tumor angiogenesis. In this study, the group exposed aged mice to 
low or high fat diets for 12 weeks.32 Murine breast cancer cells were 
injected subcutaneously into the fat pad and tumors were allowed 
to grow for a period of 4 weeks.32 At the end of the experimental 
period, blood samples, visceral fat and tumors were collected to 
measure VEGF expression.32 Their results showed that both tumor 
VEGF levels and plasma VEGF levels were significantly higher in 
mice fed a high fat diet compared to mice fed a low fat diet.32 It was 
also observed that postmenopausal obesity significantly increased 
breast tumor weight over the tumor-bearing animals fed a low fat 
diet.32 To further elucidate the mechanisms of leptin’s contributions 
to breast tumor growth, Gonzalez RR et al.,33 studied the effects of 
leptin receptor antagonists (LPaA2) on 4T1 mouse mammary tumor 
cells. The authors found that administeringLPaA2 prior to injecting 
mice with 4T1 mouse mammary tumor cells slowed the growth of 
mammary tumors by 90%compared to control untreated mice.33  They 
also found that serum VEGF/VEGFR-2 expression was much lower 
in mice treated with LPaA2.33 Taken together, these results suggest 
that obesity may contribute to tumor angiogenesis through induction 
of VEGF and that inhibition of the leptin-signaling pathway may 
provide a new target for anti-angiogenic therapy in breast cancer.

Ellagic acid is a natural phenol antioxidant that is found in many 
fruits and vegetables. Wang N et al.,34 analyzed anti-angiogenic effects 
of ellagic acid using in-vitro and in vivo techniques.34 Using a cell 
counting assay, the authors treated HUVECs with ellagic acid (ranging 
from 2.5 to 20μm) in the presence and absence of VEG Fandob served 

that ellagic acid inhibited proliferation of HUVECs cultured in the 
presence of 20 ng/ml VEGF.34 A trans well assay was used to study 
the potential effects of ellagic acid in blocking the migration and tube 
formation capability of HUVECs.34 Results showed that the number 
of invasive HUVECs significantly decreased as the concentration 
of ellagic acid increased.34 A wound-healing assay further revealed 
that ellagic acid weakened the migratory capability of HUVECs.34 

Additionally, a Matrigel assay showed that in the absence of ellagic 
acid, HUVECs had well-formed tubular structures while 80% of 
the tube network in HUVECs was destroyed following incubation 
with 10 μM of ellagic acid.34 To test their observations in vivo, they 
implanted MDA-MB-231 breast cancer cells into the mammary 
glands of 4-week-old nude mice and treated them daily with an intra 
peritoneal injection of 50 mg/kg or 100 mg/kg of ellagic acid.34 The 
authors found that treatment with ellagic acid significantly suppressed 
MBA-MB-231 tumor volumes in a dose dependent manner when 
compared to the untreated controls.34 The mechanism proposed was 
that ellagic acid inhibited VEGF induced angiogenesis by directly 
inhibiting the phosphorylation of VEGFR-2 tyrosine kinase activity 
and downstream signaling pathways MAPK and PI3K/Akt in 
HUVECs.34 Ellagic acid also blocked angiogenesis in CAM assays 
evidenced from the presence of shorter vessel sprouts.34 These results 
suggest that natural inhibitors may serve as a future anti-angiogenic 
agent in breast cancer treatment and given their low toxicity, may be a 
desirable adjuvant to existing therapies.

Inhibition through other factors

Parsons MF et al.,35 examined whether STX243, a steroidal-
based drug, is more active in vivo than 2-MeOE2, a steroidal-
based compound that is a potent angiogenesis inhibitor, and a 
structurally similar compound, STX140.35 Although 2-MeOE2 
has pro-apoptotic and anti-proliferative effects, others have shown 
that 2-MeOE2 exerts these effects only when administered at high 
concentrations.36–39 Furthermore, it is poorly bioavailable in that no 
detectable concentrations were found after oral administration.40 Due 
to these contradictory results, Parsons MF et al.,35 evaluated whether 
STX243was a more efficient anti-angiogenic agent than2-MeOE2 or 
the structurally similar steroidal compound STX140.41 Using an in 
vitro angiogenesis assay, it was found that HUVECs supplemented 
with VEGF and then STX243 had fewer tubules.35 In-vivo, it was 
observed that mice injected subcutaneously with STX243 and 
STX140 had significant inhibition of MDA-MB-231 tumor growth 
as opposed to mice injected with 2-MeOE2.35 In the in vivo Matrigel 
plug assay, the authors observed that in vivo angiogenesis was 
restricted with both STX243 and STX140 (50% and 72%), thus 
demonstrating the anti-angiogenic activity of both compounds.35 The 
pharmacokinetic observations of STX243 demonstrated that even after 
administering STX243 at different levels and also with progesterone, 
oral bioavailability increased almost 12%, thus suggesting that this 
drug is orally bioavailable.35 From the results of this study, it can be 
concluded that STX243 impedes the growth of breast cancer tumors 
through anti-angiogenic mechanisms and serves as a good alternative 
for 2-MeOE2.35

Matrix metallo proteinases (MMPs) regulate angiogenesis and 
tumor progression by degrading the extracellular matrix (ECM).42 With 
regard to angiogenesis, degradation of the ECM via MMPs not only 
liberates pro-angiogenic growth factors, but also enables EC migration, 
proliferation and subsequent vessel formation.42 Contradictory to this 
well-established role of MMPs in angiogenesis, Bendrik C et al.,43 
used in-vivo breast cancer models to show that over expression of 
MMP-9 induced tumor regression and decreased angiogenesis. In 
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their studies, adenovirus vectors carrying either MMP-9 or empty 
controls were injected intra-tumorally in murine breast cancer cells 
supplemented with estradiol and tamoxifen.43 Their results showed 
that AdMMP-9 increased MMP activity and significantly decreased 
tumor growth rate and micro vessel surface area.43 The mechanism 
proposed was that MMP-9 released endostatin, a 20-kDa COOH-
terminal cleaved fragment from collagen XVIII,which reduced EC 
proliferation and migration and increased EC apoptosis.43 From the 
results of this study, it can be concluded that while MMPs liberate 
pro-angiogenic factors through degradation of the ECM, they can also 
induce tumor regression and decrease angiogenesis through cleavage 
of ECM fragments with anti-angiogenic properties.43 Results of 
this study imply that the balance and appropriate level of MMPs is 
essential in regulating cell activities.

Pasquier E et al.,44 hypothesized that propranolol, a non-selective 
β-adrenergic receptor (β-AR) antagonist commonly used to treat 
hypertension, could increase the efficacy of chemotherapy through its 
anti-angiogenic effects on ECs in breast cancer. In this study, ECs, plated 
atop Matrigel, were treated with different propranolol concentrations 
combined with other chemotherapeutic drugs such as 5-fluorouracil 
(5-FU) or paclitaxel.44 The results of these studies showed that the 
combination of both drugs (propranolol plus 5-FU or propranolol plus 
paclitaxel) resulted in the greatest inhibition of angiogenesis through 
a significant decrease in surrounding vascular surface area but not 
through vascular disruption.44 Because propranolol had almost no 
vascular disrupting activity but did decrease vascular surface area, 
the mechanism proposed was due to the inhibition of new capillary 
tube formation rather than the disruption of pre-existing vessels.44 The 
results of this study implicate how the use of available drugs, such as 
propranolol, if combined with current chemotherapeutic agents, could 
provide a novel strategy for treating patients with breast cancer.

Lymphatic dissemination is an important mechanism for tumor 
angiogenesis as it allows the tumor to disseminate into the systemic 
circulation.45 Recently, Schito L et al.,45 showed that hypoxia-
inducible factor -1 (HIF-1), a protein which is upregulated in cells 
growing at low oxygen concentrations, promotes lymphatic metastasis 
in breast cancer.45 By using mice bearing breast cancer ortho grafts, 
lymphangiogenesis was blocked through administration of HIF-1 
inhibitors digoxin and imatibin.45 This study suggests that targeting 
HIF-1 may be a useful strategy to limit lymphaniogenesis and thus 
metastatic dissemination in breast cancer.45

Discussion
Angiogenesis is a critical part of normal of development and wound 

healing. ECs secrete a number of pro-angiogenic and anti-angiogenic 
factors and it is the balance of these factors that regulates proper 
vascular network formation.1,2 By creating and targeting angiogenic 
factors and/or their receptors in additional to signaling pathways and 
exogenous factors participating in angiogenesis, researchers can more 
effectively target tumor angiogenesis.

This review covered the anti-angiogenic efficacies and setbacks 
of clinically available therapies in the treatment of breast cancer and 
further explored the utility of new therapeutic targets which may, in 
the future, be used to treat breast tumor angiogenesis. With regard 
to currently available therapies, tamoxifen was shown to decrease 
the concentration of TGF-α, an indirect regulator of angiogenesis.7 
Tamoxifen also reduced EC proliferation and overall EC density.7,8 
Although tamoxifen successfully reduced angiogenesis when 
administered alone, Gagliardi A & Collins DC9 demonstrated that 
when tamoxifen was combined with 17β-estradiol or heparin, 

angiogenesis was inhibited by 37% and 20%, respectively as opposed 
to 10% when used alone.16 To better target angiogenesis, Bevacizumab, 
a monoclonal antibody that directly targets VEGF, was developed in 
2003. In its first two phases of clinical trials, Bevacizumab received 
a great deal of attention as it led to a remarkable extended period of 
stable disease with minimal side effects in women with chemotherapy 
refractory metastatic breast cancer.9 When bevacizumab was 
combined with other common therapeutic agents such as capecitibine 
or paclitaxel, bevacizumab associated toxicities and the development 
of resistance to the drug emerged.12 As a result, the FDA removed 
bevacizumab from the market because there was a safety concern 
that the risks outweighed the benefits in terms of prolonged 
progression free survival.14 Recently, Mackey JR et al.15 conducted 
a large randomized phase III trial comparing doxetaxel alone or 
in combination with ramucirumab, a human immunoglobulin G1 
antibody that binds VEGFR2 and blocks ligand-stimulated activation. 
This study was a randomized double blind phase III clinical trial in 
patients with HER2 negative breast cancer who had not received 
cytotoxic chemotherapy.15 When used in combination, there was an 
increase in progression free survival (8.2 months to 9.5 months), but 
this did not reach statistical significance (P = 0.077) and failed to 
prolong overall survival.15 There were also significantly more toxicity 
and side effects that ranged from fatigue, hypertension, neutropenia, 
hand-foot syndrome, and stomatitis.15 The results of this trial were 
disappointing and since the FDA approved ramucirumab for gastric 
cancer, anti-VEGF therapy in breast cancer treatment has specifically 
been called into question lately due to the repeated failure of clinical 
results.46

A review by Sledge GW46 suggested that the failure of clinical 
anti-VEGF studies relies heavily on the assumption that we simply 
do not know who benefits from such treatment. Sledge GW46 also 
states that numerous mechanisms of resistance to anti-VEGF therapy 
have been identified including hypoxia mediated increases in tumor 
cell aggressiveness, recruitment of vascular progenitors, and the 
emergence of alternative angiogenic pathways.

Since research has still not pinpointed biological predictors of 
clinical success with anti-angiogenic therapies, additional work is 
needed to uncover novel targets for therapeutic approaches. Emerging 
anti-angiogenic therapies include targeting pro-angiogenic factors 
directly, as seen in the study by He et al.,16 when miRNA was 
utilized as an inhibitor of Ang2.16 Other emerging techniques include 
blocking angiogenic signaling pathways such as STAT, TGF-β and 
Notch.20,22,26,27 The bidirectional crosstalk between Notch receptors 
and EGFR suggests that angiogenic pathways are inter connected and 
perhaps targeting just one receptor or signal transduction pathway 
may not have therapeutic outcome.24 Many of these studies have in 
vitro effects against angiogensis, and as a result, will need to be 
evaluated for their efficacy in in vivo models. In addition to targeting 
receptors and signaling pathways, the administration of ellagic acid, 
a natural antioxidant found in many fruits and vegetables, has been 
shown to weaken the migratory potential of ECs and significantly 
inhibited VEGFR-2 tyrosine kinase activity through downstream 
signaling pathways MAPK and PI3/Akt.34 Furthermore, research 
has shown that proproanolol, commonly used to treat hypertension, 
and digoxin, commonly used to treat atrial fibrillation, significantly 
decreased vascular surface area, inhibited new capillary tube 
formation and targeted pro-angiogenic factors like HIF-1 and PDGF-B 
respectively.44,45 It is likely that a combined approach, wherein drugs 
targeting pro-angiogenic factors and their receptors in addition to 
pro-angiogenic signaling pathways may provide greater tumor anti-
angiogenic effectiveness.
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Conclusion and future outlook

While anti-angiogenic therapeutic approaches have not cured 
breast cancer, it is anticipated that research with these agents will 
prevent the expansion of tumor masses, cause tumor dormancy, or 
sustain regression of the tumor. The clinical utility of available anti-
angiogenic agent’s remains uncertain due to the absence of data on 
overall survival, development of additional toxicities, and substantial 
costs associated with the ongoing research.15 The population of 
patients selected for research is essential since some patients with 
metastatic breast cancer may benefit from anti-angiogenic agents over 
others.

Aside from targeting pro-angiogenic factors or their downstream 
signaling pathways, it is foreseeable that targets may be directed 
against the microenvironment of the tumor vessels. In particular, 
future research may investigate novel mechanisms of targeting the 
ECM, a protein-rich entity that includes a number of proteins and 
proteoglycans such as collagen, the main component of connective 
tissue and surrounding structural support for cells and vessels, and 
fibronectin, a protein that also plays an essential role in wound 
healing. Although the overall composition varies between multi 
cellular structures, cellular communication, differentiation and 
angiogenesis are common functions of the ECM. Another potential 
approach may be to investigate whether vaccines have anti-
angiogenic therapeutic effects. Recent studies have demonstrated that 
vaccines show promising effects on cancer cells. Recently Zhao D 
et al.,47 showed that live attenuated measles virus vaccine induced 
apoptosis and promoted tumor regression in lung cancer. Although 
this study only demonstrated locally induced tumor progression 
and not metastatic properties, its implications were promising as 
a therapeutic strategy for lung cancer.47 Furthermore, the use of 
oncolytic viruses, specifically the vaccinia virus, for the treatment of 
cancer is also an emerging area of cancer research and therapy that has 
received great attention in exerting their anti-tumor effects through 
genetic engineering strategies.48–53 It’s foreseeable that, in addition to 
targeting the bulk tumor, vaccinia viruses may be utilized as an anti-
angiogenic therapeutic modality.

In conclusion, while there are several emerging therapeutic 
strategies that may prove to be beneficial for treating breast tumor 
angiogenesis, there is still a need for continued research to uncover 
alternative signaling mechanisms tumors use for sustaining 
angiogenesis. It’s likely that a combinatorial approach in which 
multiple anti-angiogenic agents and/or combinations of these anti-
angiogenic agents with other chemotherapeutics may be more 
efficacious at treating breast tumors rather than single agents alone.
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