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Abstract Recent advances in the identification of efficient diagnostic means, novel
targets and therapeutics, have resulted in a significant decline in cancer mortality.
However, based on recent estimates from the American Cancer Society, 1,762,450
new cancer cases and 606,880 cancer-deaths are projected to occur in the United
States, in the year 2019. Therefore, an expedition for more efficient means of cancer
management continues. Cancer cells cannot prosper without an adequate supply of
blood through angiogenesis, a process of forming new blood vessels. Angiogenesis
is a multistep process controlled by several proangiogenic and antiangiogenic
factors. Dysregulated angiogenesis contributes to unlimited growth and metastasis
of cancer, with fatal consequences. In a quest for novel agents/drugs to curtail
metastatic spread of cancer, the dietary agents are being actively investigated.
Grapes are, arguably, one of the most valuable fruits, containing more than 1600
phytochemicals. Among these, resveratrol, catechin, epicatechin, peonidin,
cyanidin, malvidin, kaempferol, isorhamnetin, taxifolin, and quercetin are the top
ten compounds that account for more than 70% of the grape polyphenols. These
grape constituents alone, in combinations, or as whole grape products, have been
shown to have anticancer activities. In this chapter, we have discussed the mecha-
nistic action(s) of grape agents against angiogenesis and metastasis, both of which
are crucial requirements for cancer survival and progression. Studies have shown
how grape chemopreventive agents are proficient at challenging the proangiogenic
and antiangiogenic factors necessary for tumor angiogenesis and metastasis. This
makes grape antioxidants very promising in cancer management.

C. K. Singh · G. Chhabra · C. A. Mintie
Department of Dermatology, University of Wisconsin-Madison, Madison, WI, USA

N. Ahmad (*)
Department of Dermatology, University of Wisconsin-Madison, Madison, WI, USA

William S. Middleton VA Medical Center, Madison, WI, USA
e-mail: nahmad@wisc.edu

© Springer Nature Switzerland AG 2020
J. M. Pezzuto, O. Vang (eds.), Natural Products for Cancer Chemoprevention,
https://doi.org/10.1007/978-3-030-39855-2_12

375

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-39855-2_12&domain=pdf
mailto:nahmad@wisc.edu
https://doi.org/10.1007/978-3-030-39855-2_12


Keywords Cancer · Angiogenesis · Metastasis · Chemopreventive agents · Whole
grape · Grape extracts · Grape antioxidants · Resveratrol · Quercetin · Kaempferol ·
Isorhamnetin · Taxifolin · Catechin · Epicatechin · Proanthocyanidins ·
Anthocyanins · Peonidin · Cyanidin · Malvidin

12.1 Introduction

Angiogenesis and metastasis are linked processes involved in cancer progression
and expansion. Angiogenesis is a multistep process promoting the growth of blood
vessels from the existing vasculature that has been considered essential for tumor
cell proliferation and viability, and represents as an essential component of the
metastatic spread of the tumor. Angiogenesis is controlled by several proangiogenic
and antiangiogenic factors and is considered to be crucial in the growth and
progression of most tumors (Hanahan and Weinberg 2000, 2011). Distant organ
metastasis, which is dependent on angiogenesis, is the major reason for cancer-
fatalities. The word ‘metastasis’ stems from a Greek word meaning ‘displacement’,
and represents a process when cancerous cells move from the primary tumor site
(where the cells initially transformed) to other distant organs of the body. Metastasis
is also a multistep process encompassing several inefficient steps including, (1) pen-
etration of tumor cells deeper into surrounding tissues, (2) migration into the vessels,
also known as ‘intravasation’, and (3) survival of the motile cells into the circulatory
system and to distant organs where they can colonize and develop into a secondary
lesion (Hanahan and Weinberg 2000, 2011; van Zijl et al. 2011). The capability of
cancer cells to conquer and metastasize is extraordinarily complicated and one of the
strategic symbols of cancer progression. In fact, primary carcinomas (except for lung
and liver) hardly cause patient death, whereas most of the cancer-related mortality
occurs due to complications linked to metastasis (van Zijl et al. 2011). The beginning
of tumor metastasis includes invasion, which is facilitated by epithelial-
mesenchymal transition (EMT), an event through which epithelial cells lose their
cell-cell adherence and gain mesenchymal characteristics, resulting in increased
migration potential and invasiveness of cancer. Hence, tumor angiogenesis and
metastasis have been considered as pivotal points in tumor progression (Hanahan
and Weinberg 2000, 2011; Singh et al. 2018), and thus, blocking these two phe-
nomena of cancer could be useful in cancer management. Figure 12.1 outlines the
key factors involved in tumor angiogenesis and metastasis.

As angiogenesis is one of the required critical events for cancer metastasis, it has
been found that angiogenesis inhibitors would, therefore, avert or halt the growth of
tumors. Several drugs are being used in the clinic that targets angiogenesis and
metastasis. The Food and Drug Administration (FDA) has approved several
antiangiogenic agents including monoclonal antibodies, proteasome inhibitors, tyro-
sine kinase inhibitors (TKIs) and mTOR inhibitors, such as Bevacizumab (Avastin),
Bortezomib (Velcade), Gefitinib and Temsirolimus, respectively (Feng et al. 2010;
Samant and Shevde 2011). The first case of successful antiangiogenic treatment was
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reported in 1989 when the drug interferon alfa-2a, a recombinant interferon
possessing antiviral, immunomodulatory and antitumor characteristics, was used to
suppress angiogenesis. This drug suppressed angiogenesis by inhibiting the produc-
tion of two key angiogenic factors vascular endothelial growth factor (VEGF) and
basic fibroblast growth factor (bFGF) (Feng et al. 2010). A monoclonal antibody that
has been approved to curtail angiogenesis is Bevacizumab, which was approved in
2004 as a VEGF blocker to treat metastatic colorectal cancer, ovarian cancer, and
breast cancer (Samant and Shevde 2011). TKIs, such as Sorafenib, Sunitinib,
Gefitinib, and Erlotinib have also been developed to treat cancer by blocking
angiogenesis pathways (Feng et al. 2010). However, these drugs present some
unwanted adverse effects that may complicate the treatment. For example, although
Bevacizumab has been shown to increase the survival of cancer patients, it is also
associated with risks of diarrhea, hypertension, leucopenia, thrombosis, fatal hem-
orrhage and visceral perforation (reviewed in Sagar et al. 2006). In some cases,
during a course of radiotherapy, tumors increase their angiogenic activity (Ansiaux
et al. 2005). Resistance to antiangiogenic therapy also occurs frequently and consti-
tutes a critical barrier in the inhibition of tumor growth. Additionally, the efficacy of
antiangiogenic compounds varies from one tumor to another. If the angiogenic
activity of a tumor is initiated primarily by only one or two factors, then blocking
the activity of one factor may be enough to inhibit tumor growth. For example,
expressions of VEGF and epidermal growth factor receptor (EGFR) correlate with
the metastatic characteristics of human colon cancer, and therefore, targeting VEGF
or EGFR may be beneficial (Iqbal and Lenz 2004). However, if several factors
mediate the angiogenic activity in a particular tumor, additional intervention strategy
may be required. Interestingly, grapes contain a range of compounds that may have
synergistic or additive anti-proliferative activity against cancer (Singh et al. 2015a,
2016). Because of their pleiotropic mechanistic actions, these grape antioxidants
may inhibit angiogenesis by interacting with multiple pathways and by affecting cell
signaling that modulates other relevant processes such as apoptosis and the interac-
tion of cells with the immune system. This chapter is dedicated to discussing the
action(s) of grape compounds on mechanistic pathways relevant to angiogenesis and
metastasis.

EMT
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Fig. 12.1 Schematic diagram showing factors involved in tumor angiogenesis and metastasis
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12.2 Tumor Angiogenesis

In order to understand how the process of angiogenesis occurs, it is essential to
describe the origin of blood vessels, as they are pivotal in understanding this process.
The cardiovascular system is one of the preliminary systems that develop in the
embryo and is needed for supporting the nutritional requirements. Within the
cardiovascular system are the endothelial cells, lining the surfaces of vascular
structures (Risau 1997). These vascular endothelial cells play an important role in
various processes such as tissue homeostasis, blood-tissue exchange, and blood cell
activation. The vascular system forms by two processes, angiogenesis and
vasculogenesis. Vasculogenesis is the formation of new vessels, whereas angiogen-
esis is the growth of vessels from pre-existing vessels. Angiogenesis begins during
embryo formation and is necessary for the normal growth of embryonic and post-
natal tissues, as well as for wound healing. It also contributes to the sprouting of
vessels in organs that are avascular (i.e., kidney) and remodeling of the capillary
networks to form smaller and larger vessels, as well (Risau 1997).

However, during cancer progression, cancer cells hijack this process for their
growth. Unlike normal blood vessels, the blood vessels formed within tumors are
dilated with uneven shapes. The process of tumor angiogenesis was first noticed by
Judah Folkman, who hypothesized and demonstrated in 1971 that tumor growth is
angiogenesis-dependent (Folkman 1971). Realizing that understanding the mecha-
nism(s) of angiogenesis could lead to cancer therapies enthused intensive research in
this field, as can be appreciated that there are over 55,000 manuscripts dealing with
angiogenesis in cancer research (PubMed search; keywords ‘angiogenesis and
cancer’; June 2019). Cancer cells instigate angiogenesis quite early during the
development of a tumor. The angiogenesis is characterized by oncogene-driven
tumor expression of pro-angiogenic proteins. Angiogenesis plays a crucial task in
the progression of most solid tumors, including those of bladder, brain, breast,
cervix, colon, lung, and prostate. An increasing density of tumor vasculature raises
the probability that the tumor will metastasize (Bielenberg and Zetter 2015).

Although the process of angiogenesis is quite complex, one critical growth factor
very important in this process is the vascular endothelial growth factor (VEGF)
(Carmeliet and Jain 2011). VEGF is one of the most well-studied growth factors
involved in angiogenesis. With the loss of a single VEGF allele, there is a link to
embryonic vascular defects (Carmeliet 2003). Also known as VEGF-A, VEGF
stimulates the process of angiogenesis by signaling through another component
VEGF receptor-2 (VEGFR2) (Lee et al. 2015b). A high level of VEGF is associated
with poor disease outcome in a wide array of malignancies. VEGF accelerates the
proliferation and migration of endothelial cells and stimulates the levels of plasmin-
ogen and metalloproteinases. In several animal models, overexpression of VEGF in
tumor cells enhances tumor growth and metastasis by stimulating vascularization
(Risau 1997). Expression of VEGF mRNA is upregulated by many oncogenes
(including H-RAS, K-RAS, SRC, and C-JUN) and growth factors [including epi-
dermal growth factor (EGF), transforming growth factor (TGF)-α and -β, insulin-like
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growth factor-1 (IGF1), and platelet-derived growth factors (PDGF) (Hanahan and
Weinberg 2000; Lee et al. 2015b)].

Another key group of molecules that are important in angiogenesis is the PDGF
family of proteins, which consists of TGF-β and angiopoietins. TGF-β has shown to
be an important signaling pathway in angiogenesis. This family of molecules
consists of several structurally similar growth factors that play important roles in
embryonic and postnatal angiogenesis. The PDGF signaling pathway has some
parallels to the VEGF system (Thurston and Daly 2012). Angiopoietins (ANGPTs),
a family of four proteins, are extracellular ligands that bind to endothelial cell-
specific tyrosine kinase receptor TIE2 (Fagiani and Christofori 2013). Two of
these, ANGPT1 and ANGPT2, are well studied and described for its role in
angiogenesis. ANGPT1 is known to be crucial for vessel growth, adhesion, migra-
tion, and survival. ANGPT2 is generally limited to endothelial cells and known to
stimulate cell death and disrupts vascularization. However, in conjunction with
VEGF, ANGPT2 supports neo-vascularization, suggesting that it may be useful
together with anti-VEGF treatments against cancer (Fagiani and Christofori 2013).

Fibroblast growth factor (FGF) family has also been shown to play a pivotal role
in the process of angiogenesis. In fact, basic fibroblast growth factor (bFGF) also
known as FGF2 is one of the first angiogenic factors to be discovered (Carmeliet and
Jain 2011). Another commonly studied form of FGF is acidic fibroblast growth
factor (aFGF), also known as FGF1. FGF1 and FGF2, like other FGF family
members, possess mitogenic and cell survival activities, and play a crucial role in
tumor growth and invasion (Beenken and Mohammadi 2009). FGFs are known to
stimulate fibroblast growth factor receptors (FGFRs) on endothelial cells as well as
trigger angiogenesis by producing angiogenic factors from other cell types. In
tumors, aberrant FGF signaling has been noted to promote angiogenesis. However,
the development of anti-FGF treatments are lagging as 22 members FGF family are
structurally related and show biologically substantial redundancy (Beenken and
Mohammadi 2009; Ucuzian et al. 2010).

During the process of wound healing, the eruption of angiogenesis must be
stopped once the newly developed capillaries have reached a certain density. There-
fore, a homeostatic equilibration of proangiogenic and antiangiogenic factors is very
crucial for normal cells. The development and progression of many cancers are
associated with lack of the endogenous angiogenesis inhibitors. For example, a
potent inhibitor of angiogenesis, interferon beta (INFβ) works by blocking
interleukin-8 (IL8) (Oliveira et al. 1992), bFGF (Singh et al. 1995) and collagenase
type V (Gohji et al. 1994), which all are angiogenic factors aiding in tumor
development and invasiveness. Tumor cells also halt production of angiogenesis
inhibitor thrombospondin-1 (TSP1), which is regulated by tumor suppressor protein
P53 (Grant et al. 1998). Interestingly, P53 loss is frequently noticed in more than
50% of the cancers. Currently, antiangiogenic therapies are being used to manage
malignancies, while proangiogenic therapies are being investigated to handle car-
diovascular diseases. Some of the angiogenic factors and their regulation is shown in
Figs. 12.1 and 12.2 (Bashir et al. 2002; Hanahan and Weinberg 2000, 2011).
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12.3 Tumor Invasion and Metastasis

Tumor invasion is the direct extension and penetration of cancer cells into adjacent
tissues, while metastasis is the expansion of cancer cells through the circulatory or
lymphatic system to distant sites. Metastasis is of crucial importance in cancer
progression because most cancer-related deaths are due to metastatic spread to
cancer cells affecting organs secondary to original tumor locale (Hanahan and
Weinberg 2000, 2011; van Zijl et al. 2011). Commonly, tumor metastases occur in
lungs, liver, brain, and bones after localization to the lymph nodes. Metastasis is an
important factor in deciding the staging of cancer, depending on the extent to which
cancer has spread. Interestingly, metastatic tumors shed ~1 million cancer cells per
gram of tumor in the blood circulation each day, and out of them, ~0.01% cells
possess the characteristics of metastatic progenitor cells, which is also studied as one
of the key targets for metastatic prevention (Chang et al. 2000; Langley and Fidler
2011; Payen et al. 2017).

Epithelial-mesenchymal transition (EMT) has been progressively recognized as a
key event in tumor metastasis. EMT is characterized by loss of epithelial markers (E-)
cadherin (ECAD), which is a crucial component of adherence junctions, and
cytokeratin (CK1), which is a key component of intermediate filaments. Loss of
ECAD by the transcriptional repressors SNAIL, SLUG, ZEB2 or TWIST leads to the
dismantling of adherence junctions and translocation of membrane-bound β-catenin
(CTNNB) to the cell nucleus (Thiery et al. 2009; van Zijl et al. 2011). EMT is also
characterized by concurrent gain of mesenchymal markers such as vimentin (VIM)
and N-cadherin (NCAD). This change from E- to N-cadherin expression, termed
cadherin-switch, leads to enhanced motility of EMT-transformed cells (van Zijl et al.
2011; Yilmaz and Christofori 2010). The molecular machinery of EMT process has
been a target of anti-cancer drug development as well as for their potential use as
biomarkers of cancer progression.
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Fig. 12.2 Key mediators involved in tumor angiogenesis
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Themolecular mechanism ofmetastasis involves several critical molecular events.
The genes responsible for metastasis are mostly developmentally non-essential stress
response genes that, if expressed, physiologically facilitate the homing of immune
cells. Two key proteins involved in this progression are CD44, a cell-surface glyco-
protein involved in cell-cell interactions, cell adhesion, and migration, and
osteopontin (OPN), which facilitates the linking of osteoclasts to the mineralized
bone matrix (reviewed in Weber 2008). CD44 is expressed on macrophages and
lymphocytes and contains ten exons that are prone to alternative splicing. The
presence of CD44, though not essential for early transformation and growth, has
been demonstrated to be a key regulator of metastasis (Weber 2008; Weber et al.
2002). Recent studies have shown the characterization of two isoforms of CD44,
which are standard CD44 (CD44s) and variant CD44 (CD44v). CD44v
overexpressed in metastasized tumors, and the interplay of CD44v and CD44s has
been suggested to play a role in regulating EMT (reviewed in Chen et al. 2018a). The
crucial other protein, OPN, is essential in macrophage filtration during stimuli
responses. Interestingly, macrophages in the tumor microenvironment have been
suggested to promote tumor invasion and metastasis via epidermal growth factor
(EGF) and EGF receptor (EGFR). Additionally, OPN is overexpressed in several
cancers and has been correlated with poor prognosis in patients (Anborgh et al. 2010).
OPN is also a mediator that protects against pathogens. Both CD44 and OPN, are
stress response proteins known to be involved in physiological defenses (Weber
2008). The manipulation of plasma or tumor tissue-specific levels of CD44 and
OPN has been suggested as a useful strategy tomanage cancer metastasis. Figure 12.3
outlines the major signaling mediators involved in EMT and metastasis.
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12.4 Grape Antioxidants Against Angiogenesis
and Metastasis

Historically, plant-derived agents (including herbs, fruits and vegetable, and their
individual constituents) have been widely investigated and used for achieving health
benefits and in the management of a variety of disease conditions (Greenwell and
Rahman 2015). Grape (Vitis vinifera) is probably one of the most valuable fruits, in
terms of availability of health-beneficial phytochemical constituents. In two recent
publications, we have discussed how grape constituents, in its natural combination in
whole grape or in certain specific combination may be useful in the management of
diseases including cancer (Singh et al. 2015a, 2016). Grapes are very rich in
antioxidants and contain a number of phytochemicals including stilbenes, phenolic
acids, and flavonoids. The actual composition of these phytochemicals varies greatly
among different grape varieties. The medicinal use of grape/grape constituents dates
back to ancient time. For example, traditional Ayurvedic tonic called Drakshasava,
which is very popular in the Indian subcontinent is made from fermented grapes.
Drakshasava is used to manage a variety of health issues including lethargy,
weakness, and heart-health. Chromatographic assessment of Drakshasava
established the presence of numerous polyphenols, including resveratrol and
pterostilbenes (Paul et al. 1999). In the early 1990s, red wine derived from grapes
gained popularity as a reason for the “French Paradox”, which accounts for the
somewhat paradoxical epidemiological observation that French population have a
relatively lower risk of certain heart diseases despite the high-fat diet, owing to the
consumption of red wine (Renaud and de Lorgeril 1992). Since then, hundreds of
compounds have been identified in grapes that have been linked with a variety of
health benefits (Pezzuto 2008). As discussed in a recent study from our laboratory,
where we assessed the effect of grape powder against UVB-mediated skin carcino-
genesis in SKH-1 hairless mice, the top ten antioxidants of the grape powder are
resveratrol, catechin, epicatechin, peonidin, cyanidin, malvidin, kaempferol,
isorhamnetin, taxifolin, and quercetin (Singh et al. 2019). Individually, these agents,
are widely reported for their anticancer activities. Here, we have discussed the
studies suggesting that these grape-based individual chemopreventive agents alone
or, in combinations, including extracts, are promising against angiogenesis and
metastasis.

12.4.1 Grape Stilbene Resveratrol

Resveratrol, a well-known grape antioxidant, is a phytoalexin produced by plants to
prevent parasitic growth. Chemically, resveratrol (3,5,40-trihydroxystilbene), a
stilbenoid that exists in trans- and cis-configuration. The trans-resveratrol is
known to photo-isomerizes to cis-resveratrol in the presence of ultraviolet irradiation
(Figueiras et al. 2011). Resveratrol has been characterized as one of the most
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important active agents of the grape powder (0.69–1.01 mg/kg) (Singh et al. 2019)
and grape-derived products such as red wine (concentrations of 0.1–14.3 mg/L)
(Mukherjee et al. 2010). In fact, the resveratrol in red wine has been touted as a major
reason behind the so-called French Paradox (Catalgol et al. 2012). Though bio-
availability of resveratrol is somewhat low (~0.5%) due to immediate hepatic
glucuronidation and sulfation (Walle et al. 2004), it has been shown to elicit broader
biological effects against various health conditions including cancer, aging, diabetes,
cardiovascular diseases, etc. (Singh et al. 2015b). This has been explained because of
a number of reasons; including the regeneration of resveratrol from an intracellular
pool of resveratrol sulfates (Patel et al. 2013), and the fact that some resveratrol
metabolites like resveratrol 3-sulfate are known to possess their own biological
activity (Hoshino et al. 2010).

The effect of resveratrol against cancer in multiple animal models has shown to be
mostly protective with some exceptions of no effect depending on cancer types and
resveratrol dose and route of administration. Similar results have been seen in the
clinical trials, except one case where some adverse events were noticed in multiple
myeloma patients (Berman et al. 2017; Popat et al. 2013). Interestingly, no adverse
events were found when the same formulation was used in other studies (Popat et al.
2013; Singh et al. 2015b). In the recent past, we have reviewed the issues and
questions which hinder the clinical translation of resveratrol for cancer management
(Singh et al. 2015b). To understand the challenges that need to be overcome for the
success of resveratrol to the clinic, it’s important to examine the key signaling
molecules/pathways known to be affected by resveratrol in cancer. The effect of
resveratrol against key cancer signaling molecules/pathways is well documented in
multiple cell culture experiments and animal studies. For example, resveratrol has
been found to inhibit key cancer-promoting pathways, e.g., IGF-1R/AKT/WNT,
PI3K/AKT/mTOR and NF-κB signaling pathways, which are known to be associ-
ated with tumor growth and progression (reviewed in Berman et al. 2017).

The effect of resveratrol against angiogenesis has been widely studied. Resver-
atrol has been found to inhibit angiogenesis and tumor growth in human breast
cancer xenografts as well as reduce levels of VEGF in MDA-MB-231 breast cancer
cells (Garvin et al. 2006). Yu et al. have shown the inhibitory effect of resveratrol on
VEGF and angiogenesis in hepatocellular carcinoma partly via inhibiting NF-κB
signaling (Yu et al. 2010). Resveratrol has been found to inhibit tumor growth in rat
RT-2 gliomas and angiogenesis in the glioma cells (Tseng et al. 2004). Resveratrol-
mediated inhibition of rat glioma has been shown to be associated with the suppres-
sion of macroscopic and microscopic angiogenesis (Chen et al. 2006). Hu et al. have
found modulation of several important angiogenic factors such as VEGF, bFGF,
matrix metallopeptidase-2 and -9 (MMP2 and MMP9) in exerting the antimyeloma
effects of resveratrol (Hu et al. 2007). The antiangiogenic effect of resveratrol in
human ovarian cancer cells has shown to be mediated via inhibition of VEGF as well
as hypoxia-inducible factor 1α (HIF1α), which plays a key role in tumor progression
(Cao et al. 2004; Park et al. 2007). The antiangiogenic activity of resveratrol has also
been demonstrated by modulation of TSP1, which is a downstream target of P53 and
known to inhibit angiogenesis naturally. In this study, Trapp et al. have shown the
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correlation of antiangiogenic effects of resveratrol with increased P53 and TSP1, and
decreased HIF1α and VEGF levels (Trapp et al. 2010).

Similarly, resveratrol’s antimetastatic potential has been demonstrated in various
model systems. Wu et al. have investigated the antimetastatic potential of resveratrol
under normoxia and hypoxia conditions, and found that resveratrol restricts the cell
migration, adhesion, and invasion in colon carcinoma cells. This was mediated by a
reduced level of VEGF, MMP2, and MMP9 under normoxia and hypoxia, and
reduced HIF1α under hypoxia (Wu et al. 2008). Resveratrol has also been shown
to modulate key EMT-related markers that are crucial for cancer cell motility,
invasiveness, and metastasis. Wang and colleagues have shown resveratrol as an
inhibitor of TGF-β1-induced EMT, where resveratrol was found to inhibit cell
adhesion, migration, and invasion of A549 lung cancer cells. In this study, resver-
atrol was found to increase epithelial marker ECAD and represses mesenchymal
markers, fibronectin (FN) and VIM, inhibits expression of EMT-inducing transcrip-
tion factors SNAIL and SLUG (Wang et al. 2013). Resveratrol has also been shown
to inhibit characteristics of pancreatic cancer stem cells (CSCs) originated from
human primary tumors as well as in KRAS(G12D) transgenic mice by inhibiting
self-renewal capacity and EMT transcriptional regulators ZEB1, SLUG, and SNAIL
(Shankar et al. 2011). Resveratrol treatment of human tongue squamous cell carci-
noma cell line CAL-27 showed decreased cell migration, invasion by inhibiting the
EMT-inducing transcription factors (Kim et al. 2018). Resveratrol has been shown to
inhibit invasion and metastasis in gastric cancer cells via inhibiting hedgehog
signaling and EMT (Gao et al. 2015). In a study by Sheth et al., resveratrol
administration has been found to inhibit prostate tumor growth as well as lung
metastasis by inhibiting the AKT/MicroRNA-21 pathway (Sheth et al. 2012).
Figure 12.4 outlines the molecular actions of resveratrol against angiogenesis and
metastasis.
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Fig. 12.4 Molecular actions of resveratrol against angiogenesis and metastasis
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12.4.2 Grape Flavonols (Quercetin, Kaempferol,
Isorhamnetin, Taxifolin)

Flavonols are a class of flavonoids that are known to act as antioxidants to reduce
oxidative stress and also can serve as anti-inflammatory agents (Cook and Samman
1996). Flavonols are known to inhibit CYP2C9 and CYP3A4 enzymes, which
metabolize most drugs in the body (Sprouse and van Breemen 2016). Although
many flavonols are present in dietary grape, the four most common are quercetin,
kaempferol, isorhamnetin and taxifolin (Singh et al. 2019), all of which have been
individually evaluated among many diseases and disorders demonstrating beneficial
effects.

Quercetin (chemically, 5,7,30,40-flavon-3-ol) has been shown to prevent
low-density lipoprotein from oxidizing, modify eicosanoid biosynthesis (anti-
inflammatory responses), prevent platelet accumulation, and promote relaxation of
cardiac smooth muscle (Formica and Regelson 1995). Quercetin is a powerful
antioxidant, which has been shown to have potential in cancer management. Quer-
cetin possesses anti-inflammatory functions, which are mainly attributed to its
inhibitory effect on inflammatory mediators like nitric oxide, catalase, and
pro-inflammatory cytokines (Ward et al. 2018). In addition, quercetin exerts an
apoptotic effect in tumor cells and can block cancer progression. Quercetin has
demonstrated cancer chemopreventive effects in multiple models (Gibellini et al.
2011). Quercetin has been shown to inhibit angiogenesis in several models through
multiple mechanisms, including interaction with the cyclooxygenase-2 (COX2) and
lipoxygenase-5 enzymes, EGFR, the HER2 intracellular signaling pathway, and the
NF-κB nuclear transcription protein (reviewed in Sagar et al. 2006). In ascite cells of
Dalton’s lymphoma-bearing mice, quercetin attenuated levels of VEGF-A, COX2,
iNOS and NO (Maurya and Vinayak 2017). The treatment of breast cancer cells with
gold nanoparticles carrying quercetin demonstrated inhibited angiogenesis, EMT,
and metastasis of mammary tumors in Sprague-Dawley rats (Balakrishnan et al.
2016). Treatment with the quercetin inhibited EGFR-mediated AKT signaling and
reduced migration in human pancreatic cells and human head and neck squamous
cell carcinomas (Chan et al. 2016; Lee et al. 2015a). In oral cancer, quercetin-
induced growth inhibition has been found to be associated with inhibition of
EGFR/AKT activation with simultaneous activation of Forkhead Box O1
(FOXO1) (Huang et al. 2013), which is one of four members of FOXO transcription
factors and known to inhibit angiogenesis in certain cancers (Kim et al. 2016).

Quercetin also demonstrates the ability to inhibit angiogenesis in prostate cancer
through the VEGFR2 pathway, by regulation of the AKT/mTOR/P70S6K signaling
pathways both in vitro and in vivo (Pratheeshkumar et al. 2012). Quercetin has been
shown to prevent EGF-induced EMT via inhibition of EGFR/PI3K/AKT/ERK1/2
pathway as well as by suppressing transcriptional repressors SNAIL, SLUG and
TWIST in prostate cancer cells. As per this pathway, quercetin may prevent cancer
metastasis by targeting EMT (Bhat et al. 2014). Additionally, in prostate cancer, the
anticancer effects of quercetin combined with tamoxifen enhanced antiangiogenesis
effects (Ma et al. 2004). A study by Igura et al. examining the effects of resveratrol
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and quercetin on angiogenesis found decreased growth of bovine aorta endothelial
(BAE) cells in a concentration-dependent manner in vitro. The migration of BAE
was substantially inhibited by resveratrol, but only weakly inhibited by quercetin
(Igura et al. 2001).

Another potentially therapeutic flavonal, kaempferol (chemically 3,40,5,7-
tetrahydroxyflavone), is known to act as modulators of EMT markers (NCAD,
ECAD, SLUG, and SNAIL) and metastasis marker MMP2 (reviewed in Imran
et al. 2019). In ovarian cancer cell lines, kaempferol works against angiogenesis
through multiple pathways including the HIF-dependent (AKT/HIF) and
HIF-independent estrogen-related receptor alpha (ESRRA) pathways, (Luo et al.
2009) and by impairing VEGF synthesis through the ERK/NF-κB/cMYC/P21 path-
way (Luo et al. 2012). Reduction of VEGF secretion was also noted in human MDA
breast cancer cells upon kaempferol treatment (Schindler and Mentlein 2006).
Another breast cancer study demonstrated that kaempferol treatment did not affect
secretion, but did significantly inhibit the activity of MMP3 accompanied by a
blockage of MDA-MB-231 cell migration (Phromnoi et al. 2009). Reduced migra-
tory effects in prostate cancer cells after kaempferol treatment was suggested to be
due to the inhibitory effects of kaempferol on EGFR, and further SRC, AKT and ERK
related survival, migration, and invasion (Lee and Kim 2016). Medulloblastoma cell
line migration was also decreased upon treatment with kaempferol or quercetin,
suggestively through a reduction of hepatocyte growth factor (HGF)-mediated acti-
vation of AKT (Labbé et al. 2009).

Limited information is available regarding the potential anti-cancer effects of
grape flavonols isorhamnetin and taxifolin. Isorhamnetin is a 30-methoxylated deriv-
ative of quercetin and known for its anticancer properties demonstrated in certain
cancers. For example, isorhamnetin has shown to suppress colon cancer cell growth
by inhibiting the PI3K/AKT/mTOR pathway (Li et al. 2014). Likewise, taxifolin
(5,7,30,40-flavan-on-ol), also identified as dihydroquercetin, has been suggested to
exert chemopreventive activity by modulating antioxidant response element (ARE)
mediated gene regulation (Lee et al. 2007). Although there is a general lack of studies
of these two flavonols, implications of the antiangiogenic and antimigratory effects
suggest the potential basis of anti-cancer effects of these agents. In a Lewis lung
cancer mouse model, isorhamnetin treatment reduced VEGF protein expression,
metastatic lesions, and tumor cell density. The results were enhanced further when
isorhamnetin was combined with cisplatin (Zhu et al. 2017). In MDA breast carci-
noma cells, the downregulation of MMP2 and MMP9 suggest that isorhamnetin may
act to suppress p38 MAPK and STAT3 to inhibit invasion (Li et al. 2015).
Isorhamnetin also reduced EMT and pulmonary fibrosis in a murine model (Zheng
et al. 2019). Similar to other grape flavonols, taxifolin reduces AKT, as well as
represses cell migration and invasion of osteosarcoma cells (Chen et al. 2018b). In
skin scar cell carcinoma (SSCC), the inhibited invasion SSCC cells were associated
with downregulation of MMP2 andMMP9 by taxifolin (Zhou et al. 2019). However,
taxifolin, compared to kaempferol and quercetin, does not possess a strong cytotoxic
effect in reducing VEGF in human ovarian cancer cells (Luo et al. 2008). Figure 12.5
outlines the molecular actions of grape flavonols against angiogenesis andmetastasis.
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12.4.3 Grape Catechins (Catechin, Epicatechin)

Catechin and epicatechin have been quantified as two major components of the top
ten compounds of the grape powder (Singh et al. 2019). These are epimers, with
D-catechin and L-epicatechin being the commonly occurring optical isomers in
nature. Catechins fall into the flavonoid family and give rise to other oligomeric
compounds including proanthocyanidins (or condensed procyanidins) that yield
cyanidin when depolymerized under oxidative conditions. Catechin is the major
monomeric polyphenol in whole grape or its products such as red wine. In addition
to other observed mechanisms of action that lead to an antiproliferative effect in
various cancer, catechin has been shown to inhibit angiogenesis in certain cancers.
Ebeler et al. have shown that dietary supplementation of catechin delayed tumor
onset in a linear dose-dependent manner in a transgenic mice model of neurofibro-
matosis. It was also found that the plasma levels of catechin and its metabolite 30-O-
methylcatechin (30MC) were positively associated with the delay in tumor onset,
without obvious adverse effects in mice (Ebeler et al. 2002). In another study, Payen
and colleagues demonstrated that catechins inhibited cancer cell migration in vitro in
a model of super-invasive human cervix cancer cells SiHa-F3. Further, (+)-catechin:
lysine complexes (1:2) were shown to prevent metastasis of B16F10 melanoma cells
to the lungs of C57BL/6JRj male mice (Payen et al. 2017).

Grape seed extract (GSE) obtained from Palieri grape cultivar that contained
6.2 mg/g catechins and 5.6 mg/g procyanidins were assessed for their effects against
MDA-MB231 breast cancer cell migration and invasion (Dinicola et al. 2014). GSE
at a sub-lethal concentration (25 μg/ml) strongly inhibited cell migration and inva-
sion ability of MDA-MB231 cells. This was accompanied by a decrease in
urokinase-type plasminogen activator (uPA), MMP2 and MMP9 activities, as well
as in a down-regulation of CTNNB, fascin (FSCN1) and NF-κB expression
(Dinicola et al. 2014). Another study was performed on procyanidin B2-3,300-di-O-
gallate (B2G2), a component of grape seed extract, where it was shown to inhibit the
motility and invasiveness of human umbilical vein endothelial cells (HUVECs) and
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human prostate microvascular endothelial cells (HPMECs). Mechanistic studies
have shown that B2G2 targets VEGFR2/PI3K/AKT and integrin signaling mole-
cules, which are important for endothelial cells survival, proliferation, tube forma-
tion, and motility (Kumar et al. 2015). Overall, this study showed that B2G2
inhibited several attributes of angiogenesis in cell culture and warrants future studies
for the efficacy of B2G2 for angio-prevention and cancer control (Kumar et al.
2015).

The grape seed proanthocyanidins (GSP) are composed of dimers, trimers,
tetramers, and oligomers of monomeric catechins or epicatechins (Shi et al. 2003).
Feng et al. (2014) have shown the effects of grape proanthocyanidins on tumor
angiogenesis in liver cancer (hepatocellular carcinoma or HCC) xenograft models. In
this study, they have shown that grape proanthocyanidins inhibited tumor cells
growth and metastasis by exerting antiangiogenesis effects via inhibition of
microvessel density (MVD), which is a quantitative index of tumor angiogenesis.
It is related to the supply of nutrition and oxygen to tumors towards proliferation,
invasion, growth, and metastasis of tumor cells (Zhao et al. 2006). MVD is calcu-
lated by labeling cells with an anti-CD34 antibody specific to vascular endothelial
cells in the tumor tissues followed by counting the number of microvessels per unit
area to reflect the degree of angiogenesis in tumor tissues. In this study, a gradual
reduction in MVD was observed with increasing concentration of grape
proanthocyanidins including a significant positive correlation between MVD and
the expression of angiogenesis marker VEGF. Tumor angiogenesis involves various
types of growth factors, out of which VEGF is the most prevailing and a potent
inducer of capillary growth into a tumor. VEGF, a hexose-modified multifunctional
protein, specifically acts on vascular endothelial cells, inducing micro-angiogenesis
and causing tumor invasion and metastasis. It was also suggested that grape
proanthocyanidins may exhibit the antiangiogenic activity by inhibition of vascular
endothelial cell proliferation (Feng et al. 2014).

Further, grape seed proanthocyanidin extract containing 5000 ppm resveratrol
(GSPE) has been shown to facilitate oxidant-induced VEGF expression in
keratinocytes. Using a ribonuclease protection assay (RPA), GSPE has been shown
to regulate oxidant-induced changes in several angiogenesis-related genes. Further,
pretreatment of HaCaT keratinocytes with GSPE upregulated both hydrogen perox-
ide (H2O2) and TNFα-induced VEGF expression and release. The results of the study
suggested that GSPE might have beneficial therapeutic effects in promoting dermal
wound healing and other related skin disorders (Khanna et al. 2001). Similarly, Luan
et al. investigated the anti-vasculogenic mimicry (VM) activity of grape seed
proanthocyanidins in human triple negative breast cancer (TNBC). This study dem-
onstrated that highly aggressive TNBC cells HCC1937 formed vasculogenic-like
network structures when cultured on a three-dimensional matrix compared to aggres-
sive MCF-7 cells that were unable to form the patterned networks with the same
conditions. Interestingly, grape seed proanthocyanidins inhibited proliferation of
HCC1937 cells significantly and suppressed tubular-like structures. Therefore, this
study suggests that grape seed proanthocyanidins may be a potential anti-VM agent
for human TNBC (Luan et al. 2015).
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Further, Sun et al. assessed the chemotherapeutic effects of GSP on the invasion
potential of human head and neck cutaneous squamous cell carcinoma (SCC) cells.
The results obtained from this study suggested that GSP has the ability to inhibit the
invasion of head and neck cutaneous SCC cells by targeting the EGFR expression
and reversing the process of EMT (Sun et al. 2011). Further, GSP treatment of
SCC13 cells showed the down-regulation of mesenchymal biomarkers, such as
VIM, FN and NCAD while up-regulated the expression of the epithelial biomarker
ECAD. These data suggested that inhibition of EMT by GSP may also be one of the
possible mechanisms through which it reduces the invasiveness of cutaneous head
and neck SCC cells and that lead to inhibition of invasion ability of SCC13 cells
(Sun et al. 2011). Figure 12.6 shows the molecular actions of grape catechins against
angiogenesis and metastasis.

12.4.4 Grape Anthocyanins (Cyanidin, Peonidin, Malvidin)

Anthocyanins belong to a group of flavonoids and are known for their antioxidant,
anti-inflammatory and anticancer effects. Cyanidin, peonidin, and malvidin are the
top thee anthocyanins characterized in grape powder (Singh et al. 2019) or, grape
powder extract (van Breemen et al. 2016). Anthocyanins isolated from fruits of Vitis
coignetiae Pulliat, a variety of wild grape called meoru in Korea and is used in
Korean folk medicine, has been investigated against angiogenesis and metastasis.
Compositional analysis of this anthocyanins identified the presence of the highest
amount of cyanidin along with other anthocyanins peonidin, malvidin, delphinidin
and petunidin (Lu et al. 2017). Lu et al. have demonstrated that the anthocyanins
extract inhibited cancer cell proliferation, invasion, and angiogenesis in human lung
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cancer A549 cells. In this study, anthocyanins have been shown to suppress migra-
tion and invasion of cancer cells by inhibiting MMP2 and MMP9 expression as well
as adhesion and angiogenesis by inhibiting intercellular adhesion molecule
1 (ICAM1) and VEGF (Lu et al. 2017). In another study, Lu et al. investigated the
effects of anthocyanins on cellular responses and molecular changes intricate in
cancer invasion and EMT in EGF or TGF-β treated human lung cancer cells. This
extracted anthocyanin was found to repress glycogen synthase kinase-3β (GSK3β)
phosphorylation and CTNNB expression that is involved in EMT. This study
demonstrated that anthocyanin inhibited PI3K/AKT and EGFR pathway indepen-
dently in a dual repression mode as well as inhibited invasion and migration at least
in part by suppressing EMT (Lu et al. 2014). Anthocyanins have also been shown to
inhibit invasion and EMT markers in human uterine cervical cancer HeLa cells.
Treatment with anthocyanins suppressed mesenchymal markers VIM, NCAD, and
CTNNB expression and induced epithelial marker ECAD as well as suppressed
expression of SNAIL, a transcriptional regulator of EMT (Lu et al. 2013). Further-
more, Burton and colleagues have shown that anthocyanin comprising muscadine
grape skin extract inhibited SNAIL and pSTAT3, and abolished SNAIL-mediated
cathepsin L (CTSL) activity, migration, invasion, and osteoclastogenesis in the
breast (MCF-7) and prostate (LNCaP, ARCaP-E) cancer cells (Burton et al. 2015).
In conclusion, these studies suggest that grape anthocyanins have antiangiogenesis
and antimetastatic activities.

Further, there is limited literature available assessing the effects of anthocyanins
individually against cancer, showing their anti-angiogenic and/or anti-metastatic
potential. In one study, cyanidin-3-glucoside (C3G) was found to inhibit
UVB-mediated oxidative damage and inflammation in SKH-1 hairless mice. Specif-
ically, C3G inhibited glutathione depletion, lipid peroxidation, myelo-peroxidation
and pro-inflammatory cytokines (IL6 and TNFα) in mouse skin. Further, C3G
supplementation modulated UVB-induced MAP kinase and NF-κB signaling path-
ways (Pratheeshkumar et al. 2014). Liu and colleagues have shown that C3G, as well
as peonidin-3-glucoside (P3G), inhibited the phosphorylation of human epidermal
growth factor receptor-2 (HER2), which is known to be overexpressed in breast
cancer as well as known to upregulate angiogenesis at different levels in cells
(Alameddine et al. 2013; Liu et al. 2013). The antiproliferative effect of P3G and
C3G were shown to be related to inhibited p-AKT and induced apoptosis in HER2-
positive breast cancer cells (Liu et al. 2013). Moreover, in HER2-positiveMDA-MB-
453 xenografted mouse supplemented with P3G or, C3G, at a dose of 6 mg/kg, were
found to reduce tumor growth (Liu et al. 2013). Importantly, in a clinical trial,
assessing the bioavailability of isotopically labeled C3G (500 mg), has found rela-
tively more bioavailable and metabolites were noticed in the circulation for �48 h
after ingestion (Czank et al. 2013). Like cyanidin and peonidin, malvidin has been
shown to inhibit TNFα-induced inflammatory response in endothelial cells, indicat-
ing its possible role in preventing atherosclerosis and cancer. Specifically, malvidin
has been shown to inhibit TNFα-induced increase in monocyte chemotactic protein-1
(MCP1), vascular cell adhesion molecule-1 (VCAM1), intercellular adhesion
molecule-1 (ICAM1), IκBα degradation and NF-κB p65 nuclear translocation
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(Huang et al. 2014). All these studies suggest direct/indirect effects of anthocyanins
against tumor angiogenesis and metastasis. Figure 12.7 shows the molecular actions
of grape anthocyanins against angiogenesis and metastasis.

12.4.5 Whole Grape Powder Against Angiogenesis
and Metastasis

A limited number of studies have assessed the effects of whole grape powder against
angiogenesis and metastasis, in certain models. Liu and colleagues tested the
antiangiogenic activity of four grape varieties, Concord, Niagara, Chardonnay, and
Pinot noir, and demonstrated that those with the highest total phenolics and flavo-
noids possess the highest antiangiogenic activity (Liu et al. 2010). Recently, we used
freeze-dried grape powder, which was comprised of fresh black, green, and red
grapes of both seeded and seedless varieties [provided from the California
Table Grape Commission (CTGC)]. Phytochemical analysis of this grape powder
showed a considerable amount of total polyphenols (3260 mg/kg in gallic acid
equivalents). Dietary supplementation of this grape powder was found to protect
against UVB-mediated skin carcinogenesis in female SKH-1 hairless mice (Singh
et al. 2019). Moreover, the grape powder was found to improve DNA damage repair,
decreased cell proliferation, increased apoptosis, and modulations in several genes
involved in antioxidant function, metabolism of reactive oxygen species (ROS),
superoxide metabolism and oxidative stress response (Singh et al. 2019). Addition-
ally, proteomics analysis of tumor samples of mice supplemented with grape powder
identified modulation of several proteins whose interactions and cumulative actions
were linked to reduced oxidative stress through increased ROS metabolism and
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reduced quantity of H2O2 (Mintie et al. 2019). This is an important finding as ROS,
H2O2 and other free radicals are often produced at elevated levels in tumors and
known to modulate regulatory pathways involved in angiogenesis and metastasis. In
fact, targeting the redox-regulated mechanisms for antiangiogenic anticancer therapy
has been suggested to overcome the limitations of single-agent antiangiogenic
treatments (reviewed in Tertil et al. 2010).

Earlier, Hanausek and Spears have demonstrated significant inhibition of 7,12-
dimethylbenz(a)anthracene (DMBA)-mediated skin tumorigenesis in SENCAR
(SENsitive to CARcinogenesis) mice treated with grape powder and grape-derived
antioxidants. The authors found that simultaneous dietary supplementation with
grape powder and topical treatment with resveratrol reduced DMBA-induced
tumor burden and cyclooxygenase-2 (COX2) expression (Hanausek et al. 2011).
It’s important to mention here that COX2 is an enzyme associated with inflamma-
tion, angiogenesis, and tumorigenesis. Studies in primary tumors have suggested
that COX2 inhibition is a potent mechanism to reduce angiogenesis. Yao et al. have
demonstrated how COX2 play roles in angiogenesis of gastric cancer via modulation
of VEGF, FLT1, FLK1/KDR, ANGPT1, TIE2, MMP2, and OPN (Yao et al. 2011).

Interestingly, limited clinical studies have been done, despite the promising
in vitro and in vivo studies, on the anticancer activities of grape and grape constit-
uents. Low dose resveratrol or resveratrol-containing freeze-dried grape powder
treatment to patients with colon cancer was found to inhibit WNT target genes in
the normal colonic mucosa, but no change in cancer tissue (Nguyen et al. 2009). The
WNT signaling pathway plays an essential role in cellular proliferation, survival,
apoptosis, and angiogenesis (Olsen et al. 2017). In several clinical trials, the effect of
grape powder has been assessed in multiple diseases showing beneficial effects and
well tolerability (reviewed in Singh et al. 2015a). In the future, more clinical trials
are needed and expected to determine the beneficial effects of grape powder in
cancer patients. Figure 12.8 outlines the molecular actions of grape powder against
angiogenesis and metastasis.
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12.4.6 Grape Extracts/Grape-Derived Products Against
Angiogenesis and Metastasis

Several forms of grape extracts have also been evaluated against multiple cancers.
An extract of grape powder (obtained from the California Table Grape Commission)
was prepared and standardized by Dr. Richard van Breemen (van Breemen et al.
2016). A photochemical analysis of this extract shows almost the same composition
as of the grape powder (Singh et al. 2019; van Breemen et al. 2016). Kumar et al.
(2018) have used this preparation and demonstrated the anticancer effects of grape
powder extract (GPE) on cell viability, proliferation, and metastatic capability
against prostate cancer cells in vitro. Upon molecular analysis, GPE, like resveratrol
and pterostilbene, was found to downregulate metastasis-associated protein
1 (MTA1), which is a vital downstream target of c-MYC oncoprotein, and known
to regulate EMT and metastasis (Kumar et al. 2018; Zhang et al. 2005).

Grape seed extract (GSE) has also been shown to inhibit VEGF via modulating
HIF1α protein (Lu et al. 2009). Filip et al. sought to understand the protective effects
of red grape seed extract against UVB-induced damages in female SKH-1 hairless
mice. Topically applied GSE, before or after each UVB exposure, was found to
effectively reduce cyclobutane pyrimidine dimers (CPDs), hyperplasia, cytokine
release, and oxidative stress while increasing antioxidant response (Filip et al.
2011). As discussed above with grape powder, this again indicates the possibility
of inhibition of angiogenesis via inhibiting oxidative stress manifested by tumor
cells.

GSE has also been found to inhibit the kinase activity of purified VEGFR2, and
VEGFR/MAPK-mediated signaling in endothelial cells (Wen et al. 2008). More-
over, GSE has been shown to inhibit tumor growth and angiogenesis of MDA-MB-
231 tumors in mice (Wen et al. 2008). In the United States, GSE is marketed as a
dietary supplement owing to their powerful protective properties against free radicals
and oxidative stress.

Certain other grape-derived products, such as red wine, have also shown to affect
angiogenesis. Baron-Menguy et al. have demonstrated the effects of low and high
doses of red wine polyphenolic compounds (RWPC) in vivo on postischemic
neovascularization in rats. Treatment with low and high doses RWPC showed pro-
and anti-angiogenic properties, respectively, suggesting high dose may be beneficial
against tumor angiogenesis via inhibiting VEGF expression (Baron-Menguy et al.
2007). Utilizing an uncommon part of the grape, Che et al. demonstrated that topical
treatment with grape stem extracts reversed skin damage induced by the UVB
radiation via decreasing lipid peroxidation, neutrophil, and mast cell infiltrations,
and reducing the expressions levels of COX2, NRF2, and HO1 (Che et al. 2017).
Figure 12.8 outlines the molecular actions of grape extracts/grape-derived products
against angiogenesis and metastasis.

Overall, these studies suggest that grape and grape antioxidants may have strong
potential towards developing complementary and alternative approaches for the
inhibition of invasion/metastasis as well as angiogenesis. Therefore, further
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exploration and clinical evaluation of these agents alone or in combination with the
established treatment regimen is needed for the effective management of cancers.

12.5 Concluding Remarks

Cancer incidence is still on the rise, probably due to lifestyle changes and increasing
longevity. Although significant advancements have been made in cancer manage-
ment, there is a need for further improvement in several respects. Many harsh
treatments such as radiation and chemotherapy pose severe adverse side effects
and produce both short- and long-term consequences, which place further strain on
the quality of life. Interestingly, grape contains a range of complex natural agents
that appear to inhibit angiogenesis and metastasis by interacting with multiple
pathways and by reducing tumor burden by multiple mechanisms. Considering the
fact that most of the current antiangiogenesis agents, approved for clinical use or
being tested in clinical trials, are associated with several adverse effects; grape or
grape components as a dietary supplement appear to be an inexpensive inhibitor of
angiogenesis and metastasis. Therefore, further investigations in this direction are
warranted.
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