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a  b  s  t  r  a  c  t

Cancer  arises  in the  context  of  an  in vivo  tumor  microenvironment.  This  microenvironment  is  both  a
cause  and  consequence  of tumorigenesis.  Tumor  and  host  cells  co-evolve  dynamically  through  indirect
and direct  cellular  interactions,  eliciting  multiscale  effects  on many  biological  programs,  including  cellu-
lar proliferation,  growth,  and  metabolism,  as  well  as angiogenesis  and  hypoxia  and  innate  and  adaptive
immunity.  Here  we  highlight  specific  biological  processes  that  could  be  exploited  as targets  for  the  pre-
vention and  therapy  of cancer.  Specifically,  we describe  how  inhibition  of  targets  such  as  cholesterol
synthesis  and  metabolites,  reactive  oxygen  species  and  hypoxia,  macrophage  activation  and  conversion,
indoleamine  2,3-dioxygenase  regulation  of dendritic  cells,  vascular  endothelial  growth  factor  regula-
tion  of  angiogenesis,  fibrosis  inhibition,  endoglin,  and  Janus  kinase  signaling  emerge  as  examples  of
important  potential  nexuses  in  the regulation  of  tumorigenesis  and  the  tumor  microenvironment  that  can
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be targeted.  We  have  also  identified  therapeutic  agents  as  approaches,  in  particular  natural  products
such as  berberine,  resveratrol,  onionin  A,  epigallocatechin  gallate,  genistein,  curcumin,  naringenin,  des-
oxyrhapontigenin,  piperine,  and  zerumbone,  that may  warrant  further  investigation  to  target  the  tumor
microenvironment  for  the treatment  and/or  prevention  of  cancer.

©  2015  Elsevier  Ltd.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

1.1. Tumor microenvironment as a therapeutic target

The tumor microenvironment is critical to both the initiation
and maintenance of tumorigenesis [1,2]. The tumor microenviron-
ment is composed of a complex network that includes multipotent
stromal cells/mesenchymal stem cells, fibroblasts, blood vessels,
endothelial cell precursors, immune cells, and secreted factors such
as cytokines [2]. During tumor progression, changes in the microen-
vironment occur through effects on a molecular as well as cellular
level and involve interactions between incipient cancer cells and
host structural as well as adaptive and innate immune cells [3].
Many of the “hallmarks of cancer” are related to the tumor microen-
vironment, including the ability to induce proliferation and inhibit
apoptosis, to induce angiogenesis and avoid hypoxia, to inhibit
the immune system and avoid immune detection, and to activate
immune cells to support invasion and metastasis [4]. Specific onco-
genic pathways can be associated with dramatic changes in the
tumor microenvironment [5–8]. Hence, the manipulation of the
tumor microenvironment could be used as an approach to prevent
as well as treat cancer.

Identification of therapeutic targets in the tumor microenviron-
ment could be useful in the treatment and prevention of cancer.
The typical biological approach has been to investigate specific
molecular and cellular mechanisms and then to examine whether
or not the inhibition or activation has the expected consequences
for tumorigenesis. However, there are caveats to this approach. The
same molecules and effector cells can have roles in both the pre-
vention and initiation of tumorigenesis. Different cancers can occur
through disparate mechanisms. What is limiting in some contexts
may  be in other circumstances of no importance. Some targets may
have effects on multiple pathways and programs that can counter-
act their overall effectiveness. Hence, the ability to reconcile how
to target the microenvironment and identify suitable therapies is
daunting.

In this review, we have taken a different approach. Through an
initiative supported by the Halifax Project, a group of investiga-
tors worked together as a team to identify both specific targets
and novel approaches to therapeutically inhibit specific aspects
of the tumor microenvironment. Through an integrative approach
we have identified strategies for the treatment and prevention
of cancer. Then, we examined the literature and thereby identi-
fied possible agents, in particular natural products, which could
potentially inhibit some or several of these targets. Our goal was to
identify existing agents that may  be exploited for the prevention
and/or treatment of cancer. Finally, the team utilized a cross-
validation approach to examine how these targets and approaches,
either alone or in combination, could be useful for the prevention
and/or treatment of cancer.

We identified 10 programs that could be or definitely appear to
be targets and 10 existing natural agents that may  mediate their
reported anti-cancer effects through the tumor microenvironment
(Figs. 1 and 2, Tables 1 and 2). Our list is not a complete examina-
tion of all possible targets or therapeutic approaches but rather an
attempt to identify existing broad-spectrum, lower toxicity thera-
peutics that could be combined with existing therapeutics.

The targets identified include metabolic programs that may
broadly influence many cell biology programs that impact tumori-
genesis and the tumor microenvironment, including (cholesterol
synthesis and metabolites, reactive oxygen species (ROS) and
hypoxia, inflammation, innate and adaptive immunity related
programs (macrophage conversion, dendritic cell (DC) activation,
immune signaling), host microenvironment associated cellular
programs (fibrosis, angiogenesis), and cytokine mediated regula-
tory programs (interleukin (IL)-6, endoglin, and Janus-associated
kinase (JAK)) (Fig. 1, Tables 1 and 2).

We  particularly focused on identifying approaches for inhib-
iting these targets, including natural products that may have
significant anticancer activity. Some of these molecules may
more generally influence tumorigenesis and the microenviron-
ment (berberine), others more specifically target ROS (resvera-
trol, desoxyrhapontigenin) macrophage conversion (onionin A),
indoleamine 2,3-dioxygenase (IDO) regulation of dendritic cells
(epigallocatechin-3-gallate (EGCG)), cholesterol synthesis (genis-
tein), fibrosis (naringenin), inflammation and immune signaling
(piperine), vascular endothelial growth factor (VEGF) inhibition
(curcumin), and JAK signaling (zerumbone). These approaches may
warrant further investigation (Fig. 1, Tables 1 and 2). These agents
generally have low toxicity, suggesting that they could be combined
with each other or existing therapies.

1.2. Cross-validation of approaches and targets

We  identified approaches and targets through the analysis of
the scientific literature via a team of investigators from a multitude
of subspecialties. We  made several assumptions. First, the com-
plex biology and heterogeneity of cancer suggested that the most
effective therapeutic approach may  require simultaneous actions
on mechanisms that are important for many of the hallmarks of
cancer. Second, we anticipated that synergies would be achieved by
combining specific targets with specific approaches. Third, we  con-
sidered that we could validate both targets and approaches through
a cross-validation through the analysis of literature. Finally, we  con-
sidered it was  important to examine the relevance of the identified
targets and the nominated approaches across different aspects of
cancer biology.

Notably, the targets and approaches that we  identified for
the tumor microenvironment have been shown to be relevant to
other cancer hallmarks. These are noted as having “complemen-
tary” effects, while those that were found to have pro-tumorigenic
actions were noted as having “contrary” effects. Instances where
reports on relevant actions in other aspects of cancer biology
were mixed, where reports showing both pro-cancer potential and
anti-tumorigenic potential, we  have used the term “controversial.”
Finally, in instances where no literature support was found to doc-
ument the relevance of a target site or approach in a particular
aspect of cancer’s biology, we documented this as “no known rela-
tionship.” These validation results are shown in Tables 1 and 2.

Our priority was  to choose targets and approaches after con-
sideration of potential cross-hallmark effects. We  examined for
possible incidental actions from therapeutic interventions. We
assembled a reasonably complete view of the literature. However,
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