J Gastrointest Surg (2014) 18:1040-1048
DOI 10.1007/s11605-014-2497-1

0,
otY or,

“%
k)

REVIEW ARTICLE

society fo, s

(&)

==
U /{Je;ua\n‘.\“l

A\
>
. Op

The Colon Cancer Stem Cell Microenvironment Holds Keys

to Future Cancer Therapy

Sugong Chen - Emina H. Huang

Received: 24 February 2014 / Accepted: 10 March 2014 /Published online: 19 March 2014

© 2014 The Society for Surgery of the Alimentary Tract

Abstract

Background Colorectal cancer remains the most common gastrointestinal cancer. While screening combined with effective
surgical treatment has reduced its mortality, we still do not have effective means to prevent recurrence nor to treat metastatic
disease. What we know about cancer biology has gone through revolutionary changes in recent decades. The advent of the cancer
stem cell theory has accelerated our understanding of the cancer cell. However, there is increasing evidence that cancer cells are

influenced by their surrounding microenvironment.

Purpose This review divides the tumor microenvironment into four functional components—the stem cell niche, cancer stroma,
immune cells, and vascular endothelia—and examines their individual and collective influence on the growth and metastasis of
the colon cancer stem cell. The discussion will highlight the need to fully exploit the tumor microenvironment when designing

future prognostic tools and therapies.

Keywords Colon cancer - Colorectal cancer - Cancer stem
cell - Tumor microenvironment - Stem cell -
Microenvironment

Introduction

Colorectal cancer is the third most common type of cancer in
the USA. The incidence has been on the decline for the past two
decades, which is largely attributable to the implementation of
aggressive screening including combinations of endoscopy and
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fecal occult blood testing.' As in most solid tumors, surgical
resection of the primary colorectal cancer remains the mainstay
of curative treatment. However, our knowledge of basic cancer
biology, particularly of cancer cells originating from the lower
GI tract, has undergone revolutionary changes where new
paradigms have emerged. These changes will aid in the devel-
opment of new tools for the diagnosis, prognosis, and treatment
of colorectal cancer in the foreseeable future, with the potential
to drastically enhance the durability of surgical treatment. This
review will briefly summarize the current understanding of
colon cancer stem cells (CCSC), and will then focus the dis-
cussion on the microenvironment in which CCSCs proliferate
and metastasize.

Cancer stem cells (CSC) were initially thought to mirror
stem cells in normal tissue. In contrast to the stochastic model
of cancer, where all cells in a tumor have the capability to
reconstitute a tumor, the CSC model offers better explanations
to a number of clinical properties of cancer because they have
the ability to self-renew, differentiate, and lay dormant for
years after irradiation or chemotherapy only to recur, at times,
decades later. Additionally, CSCs may migrate to distant or-
gans and cause metastasis. These metastatic foci escape detec-
tion by current methodologies, yet are capable of re-expanding,
producing multiple aspects of a tumor. Given these reasons,
CSCs provide a valuable target for new cancer therapies.>*
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It is important to recognize that CSCs are not strictly
abnormal stem cells. For example, they may not represent a
rare tumor cell population, especially as tumors become less
differentiated.” In addition, CSCs may not be a homogeneous
population. They often originate with particular mutations that
initiate the oncogenic process, but they evolve subsequently,
accumulating additional mutations in that are effectively evo-
lutionary “branch points,” resulting in clonal heterogeneity.’
These genetic and epigenetic changes make tumors complex
and render them increasingly resistant to therapy. Further-
more, other cell types in the tumor and its surrounding tissues,
including niche cells, stromal cells, immune cells, and vascu-
lature, also undergo pathological changes, providing fertile
“soil” for CSCs and compounding the complexity of tumor
biology. English surgeon Stephen Paget first proposed the
“seed and soil” hypothesis in 1889. However, it has only been
in recent decades that the importance of the tumor microen-
vironment has gained appreciation.”’ The complexity of the
tumor microenvironment promotes the idea of “tumors as
organs” that function with intricate interactions among several
tissue types.® Tackling the CSCs alone will not be sufficient in
the search for future cancer therapies; we must also search the
tumor microenvironment for additional, synergistic targets.
Here, we review the current research on CSC microenviron-
ment components and discuss the clinical applications associ-
ated with these discoveries.

Normal Colonic Stem Cell Regulation

Colon cancer is a prototypical epithelial cancer. The mainte-
nance of normal intestinal mucosa is essential for the preven-
tion of cancer, and it is achieved in large part by a healthy
microenvironment (Fig. 1). Fibroblasts synthesize a scaffold
containing matrix proteins and adhesion molecules. Niche
cells flank stem cells at the bottom of crypts and are respon-
sible for stem cell maintenance and normal crypt architecture.
In the small intestine, Paneth cells, in addition to their role in
gut immunity, function as the stem cell niche. In the colon, an
equivalent cell population may also exist.” Within the crypt,
immune cells help maintain stem cell integrity by removing
defective cells. In addition, vascular endothelial cells form
extensive vascular networks that shuttle nutrients and waste
to and from the mucosa to foster healthy growth and renewal.
Homeostasis is maintained by well-orchestrated interactions
among several microenvironment components via growth
factors and chemokines.

In oncogenesis, epithelial stem cells undergo patholog-
ical changes. Often, alterations in the microenvironment
can trigger or propagate these changes. In other cases,
changes in the CSCs can render these cells insensitive to
maintenance and suppressive signals from the microenvi-
ronment. Consequently, various elements in the tumor
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Fig. 1 The stem cell niche and other surrounding cell types, including
stromal fibroblasts, immune cells, and vascular endothelia, tightly regu-
late colonic crypt homeostasis. In colon cancer, these cells constitute the
tumor microenvironment and play important roles in cancer initiation,
progression, and metastasis

microenvironment undergo further adaptive changes that
sustain a vicious cycle of uncontrolled epithelial growth
and invasion. The key to successful therapeutic interven-
tion, therefore, rests in our ability to intercept the runaway
pathological processes in and between various components
of the tumor microenvironment and restore normal checks
and balances.

The Stem Cell Niche

In order to function as a tissue reserve, stem cells must be
sustained and maintained. In a normal colonic crypt, Paneth-
cell-equivalent niche cells play a key role in normal stem cell
maintenance. During colon cancer development, normal niche
cells may become dysfunctional and the microenvironment
converts to maintain these CSCs, which function as the tumor-
cell reserve.

Paneth cells are a rare epithelial cell type in the small
intestine. They normally reside in the base of the crypts, along
with stem cells. Although they are better known for their role
in gut immunity, it is also known that Paneth cell dysfunction
is associated with inflammatory bowel disease (IBD).'® Given
that IBD patients have a higher propensity to develop colon
cancer, new insights about their function within the stem cell
niche provide a major link between inflammation and cancer.
Paneth cells provide all essential growth factors and signals
for the in vitro growth of intestinal stem cells, including
epithelial growth factor (EGF), transforming growth factor
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(TGF-x), Wnt3, and the Notch ligand DIl4. In addition, they
are required for the in vitro formation of crypt-like organoids
(Fig. 2), and exogenous administration of Wnt has been
shown to substitute for this requirement.” Defects in the Wnt
signaling pathway commonly occur at early stages of sporadic
colorectal cancer, which suggests that Paneth cells play a key
role in cancer initiation. In addition, studies on colonic CD24"
cells (equivalents of Paneth cells in the small intestine) will
further delineate the role of crypt base niche cells in the
development of colorectal cancer.

Vascular endothelial cells are not only the main structural
component in tumor vasculature; they also act as niche cells for
CSCs. These cells activate signaling pathways that promote CSC
phenotypes, including survival and self-renewal.'"*'? Indeed, CSC
survival along vasculature could be the key to metastatic seeding.

Stromal Fibroblasts

Cancer stroma differs from normal tissue stroma in both its
form and function. Based on observations in breast tumors,

Paneth Cells
(CD24+ Cells)

Stem Cells

TGF-a

Dli4

Fig. 2 Paneth cells (CD24" cells in the colon) at the crypt base provide
growth and maintenance signals to the adjacent stem cells and the crypt
architecture. Alterations in this niche, such as mutations in Wnt signaling
pathway genes, cause abnormal growth and loss of normal tissue
architecture
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cancer stroma is characterized by an abundance of connective
tissue and dense arrays of fibroblasts.'*'* Stromal cells are
derived from the mesenchymal lineage, and fibroblasts are the
most abundant stromal cell type. Fibroblasts in the tumor
microenvironment are termed cancer-associated fibroblasts
(CAFs), and this cell population is dynamic. CAFs can arise
from mesenchymal stem cells, endothelial cells, adipocytes,
and even cancer epithelial cells.'>'” CAFs play an important
role in tumor progression and invasion. In addition, they also
participate in de novo cancer initiation.'®'” Healthy fibro-
blasts support normal tissue structure and function and partic-
ipate in inflammation and injury repair. They do so by secret-
ing a host of growth factors and cytokines such as fibroblast
growth factor (FGF), epidermal growth factor (EGF), hepatic
growth factor (HGF), macrophage stimulating protein (MSP),
colony-stimulating factors (CSF), transforming growth
factor-fp (TGF-f3), Wnt, matrix metalloproteinases (MMP),
and interleukins. In cancer, many cellular processes mediated
by CAFs’ paracrine secretions are hijacked.”” The fibroblast
secretome is vast. Here we focus on secreted factors in the
context of colon cancer. In addition, we discuss the role of
CAFs in the mechanical forces surrounding a tumor and in the
metabolic machinery that sustains tumor growth.

Transforming growth factor-{3 is expressed in most cell
types, and its subtypes are potent regulators of growth, differ-
entiation, and migration.?" Its role in cancer development is
multifaceted and can appear paradoxical. For example, at low
levels, TGF-f3 inhibits stem cell proliferation, but at increased
levels, TGF-f3 can promote immune modulation and angio-
genesis (Fig. 3).”> The TGF-f signaling pathway exerts its
large variety of effects by activating SMAD, a transcription
factor, which in turn changes the expression of many genes.”>
Abnormalities in the TGF-f3 pathway can result in tumorigen-
esis, and cancer can result from defective TGF-f3 signaling in
both epithelial cells and stromal fibroblasts. During tissue
injury and inflammation, TGF-f3 is released from epithelial
cells which promotes proliferation of stromal fibroblasts to
participate in tissue repair.”* Stromal fibroblasts, on the other
hand, produce TGF-{3 to keep excessive epithelial growth in
check.”> However, in colon cancer, TGF-f type II receptor
(TGFRRII) mutations occur frequently, resulting in uncon-
trolled proliferation of epithelia.®** The insensitivity of the
TGF-f receptor, in turn, triggers a feedback loop in which
stromal cells produce excess TGF-f3. At high levels, TGF-3
enhances immune modulation and angiogenesis, which may
further promote cancer growth.

Oncological processes usually involve multiple signaling
pathways. There is tremendous crosstalk or cross-activation
among signaling pathways involving a number of cell types in
the microenvironment. The interplay between the TGF-[3 and
HGF/c-Met pathways illustrates this well (Fig. 3). In one
study, a mouse model with a conditional knockout of
TGFBRII showed de novo carcinogenesis in prostate and
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Fig. 3 Cancer-associated fibroblasts secrete a large number of growth
factors and cytokines, including EGF, FGF, IL6, and IL8. This figure
illustrates the feedback upregulation of TGF-3 due to receptor insensi-
tivity on cancer epithelia. This upregulation is also associated with an
upregulation of HGF. Whereas high levels of TGF-3 promote a support-
ive tumor microenvironment, HGF acts directly on tumor epithelia to
promote tumor growth and metastasis

forestomach cells. In this work, HGF was upregulated, and c-
Met was activated in tissue carrying the conditional knockout
of TGFBRIL>" HGF and MSP (both are ligands of c-Met) are
primarily expressed by stromal fibroblasts, and the HGF/c-
Met pathway controls cell proliferation, survival, and metas-
tasis via multiple signaling pathways. Hepatocyte growth
factor also modulates the Wnt signaling by affecting [3-
catenin activity, resulting in restoration of the CSC phenotype
and acquisition of an invasive phenotype.”’ In another study
using a TGFPRII-knockout breast cancer model, the same
authors again report elevated HGF/c-Met activity. Further-
more, they demonstrate that the inhibition of HGF and MSP
activity reduced proliferation of epithelial cells.>® Pharmaco-
logical inhibitors targeting components of both the TGF-f3
and the HGF/c-Met pathways have been developed and many
have shown effectiveness in the clinical setting.

Epidermal growth factor and FGF foster the growth of the
tumor and its stroma, and both factors are secreted by CAFs.
Most epithelial cancers express EGF receptors (EGFR), and
inhibitors of EGFR have been used successfully to treat
EGFR" cancer, including cetuximab for colon cancer.

In addition to growth factors, CAFs also secrete inflamma-
tory cytokines/chemokines such as interleukin-6 (IL6) and
interleukin-8 (IL8)/CXCLS. Interleukin-6 is abundantly
expressed in colon cancer, and its level directly correlates with
cancer stage and mortality. One of the pathways activated by

ILS8 is the JAK/STAT3 pathway, which is shown to promote
cancer initiation and progression.’’ Interleukin-8 is also a
neutrophil chemotactic factor and like IL6, IL8 is found in
large quantities in the tumor microenvironment. IL8 has roles
in tumor initiation, progression, metastasis, and angiogenesis.
It acts transcriptionally through a large number of signaling
pathways, affecting cell survival, proliferation, and metabo-
lism for both cancer epithelia and vascular endothelia.*” The
high levels of IL6 and IL8 expressed by cancer epithelia drive
apowerful positive feedback loop that promotes tumor growth
and proliferation.”*** This makes a compelling argument for
the development of inhibitors and antibodies against cytokines
or their receptors.””° For example, reparixin (formerly
known as repertaxin) is an inhibitor of the IL8 receptor and
is currently being studied for cancer therapy.’

Consistent with the many parallels between cancer and
inflammation, CAFs can gradually gain myofibroblast func-
tion over time, mirroring the behavior of fibroblasts in tissue
injury. They change their organizational structure and
secretome to accommodate tumor growth. Myofibroblasts
characteristically express o smooth muscle actin (x-SMA),
and have smooth muscle properties.”™*” This may explain the
fibrotic feature of many solid tumors, but more importantly, it
offers insight into the role of mechanical forces in tumor
growth and invasion.** One could envision an intervention
that disrupts the mechanical forces in the tumor microenvi-
ronment as a potential way to treat cancer. Also, the quantity
of myofibroblasts, using x-SMA as a marker, correlates to
colon cancer recurrence after resection.*' This could be used
as a prognostic biomarker, which could help in stratifying
patients with stage II colon cancer.

Cancer associated fibroblasts have adapted to support the
metabolism of cancer epithelia. Colon cancer epithelia show
characteristics of anaerobic metabolism. For example, they
express high levels of lactate dehydrogenase-5 (LDHS) and
hypoxia-inducible factor 1 (HIF1 ). They also exhibit effi-
cient glucose absorption and lactate extrusion. Opposite that
of epithelia, CAFs express proteins involved in lactate absorp-
tion, lactate oxidation, and low glucose absorption.*? Further
understanding of these adaptive changes may allow us to
eliminate cancer epithelia by starvation of the CAFs in the
microenvironment.

In summary, CAFs are transformed stromal fibroblasts that
are capable of initiating cancer and supporting its growth and
metastasis. In colon cancer, many of the chemical and me-
chanical properties of CAFs discussed here can be exploited
for treatment, diagnosis, and monitoring.

Immune Cells

The association between inflammation and cancer is well
established. Virchow first documented this link in 1863 when
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he noted leukocytes in neoplastic tissues. A number of malig-
nancies involving gastrointestinal, genitourinary, and respira-
tory tracts have known associations with inflammation, in-
cluding colon cancer.” As our understanding of the immune
system evolves, its implication in cancer biology becomes
increasingly evident. A normal inflammatory response serves
the dual purpose of immunity against infectious pathogens and
repair of injured tissue. It begins with recruitment of immune
cells from the blood stream. These immune cells arrive at their
target following cytokine signals and exit the vasculature with
the assistance of adhesion molecules expressed by endothelial
cells. Proteinases from the stroma break down the extracellular
matrix (ECM), allowing immune cells to infiltrate. Neutro-
phils are typically first to arrive, followed by macrophages and
lymphocytes. Chronic inflammation not only initiates geno-
mic defects, but also sustains these mutations as cancer cells
proliferate, much like a “wound that does not heal.”** Some of
the ongoing effects of the immune system are pro-tumor,
while others are anti-tumor (Fig. 4). The obvious strategy for
devising cancer therapies would be to amplify the anti-tumor
affects and suppress the pro-tumor affects.

Granulocytes drive the initial inflammatory response, and in
cancer, they have been shown to promote angiogenesis and
tumor growth.”**® However, macrophages are the workhorses
in an inflammatory environment. Macrophages present antigens
and secrete pro-inflammatory cytokines (IL6, IL12, IL23,
TNF-«) and anti-inflammatory cytokines (IL4, IL10, IL13,
TGF-f) that coordinate balanced immune responses.

Tumor Promoting:
IL6, 8, 12, 23
TNF-a
VEGF
bFGF

Granulocytes TAMs Dendritic MDSCs
(M1 & M2) Cells

Immunosuppresive:
L4, 10, 13
TGF-8
Natural Killer  Cytotoxic COX-2
Cells T-Cells IDO

Fig. 4 Cancer changes immune cell phenotype to support tumor growth.
It induces proliferation of immature myeloid cells, which produce pro-
inflammatory factors that further potentiate tumor growth. At the same
time, as a pathologic response, immature myeloid cells also produce
factors that mediate suppression of innate and adaptive immunity,
allowing unabated cancer proliferation and metastasis

@ Springer

Furthermore, macrophages participate in cytotoxic killing. In
tumors, these tumor-associated macrophages (TAM) can be
both pro-tumorigenic and anti-tumorigenic. Their polarity is
dependent on the type of cancer. In most cancers, they correlate
with worse prognosis. In colon cancer, however, they may have
the opposite effect. This discrepancy may be the result of
skewing toward one of two polar types of TAMs present in a
tumor. Anti-tumor TAMs are labeled as M1. They have more
antigen presenting molecules and co-stimulatory receptors for T-
cells, make a number of pro-inflammatory cytokines, and have
killing capabilities for pathogens and cancer cells. Pro-tumor
TAMs are labeled as M2. They are more adept at tissue remod-
eling, driving cell proliferation and angiogenesis, and producing
immunosuppressive cytokines.*’*’ This model provides the
premise for a treatment paradigm that can shift TAMs from
the M2 to the M1 phenotype. For example cyclooxygenase-2
(COX-2) has been found to be upregulated in many cancers, and
COX-2 inhibitors have been found to reduce the number and
size of adenomas in patients with familial adenomatous
polyposis (FAP) syndrome. A recent study on mouse polyps
shows that the anti-tumor effect of COX-2 inhibitors may stem
from its ability to shift TAMSs from M2 to M1 phenotypes.”®
Dendritic cells also come from the myeloid lineage. In a
healthy organism, they reside in peripheral tissues in immature
states. Upon antigen activation, they express co-stimulatory
receptors, migrate to lymphoid organs, and drive T-cell acti-
vation and proliferation. In cancer, they decrease in number
and are functionally altered.”’ In cancer, dendritic cells be-
come less capable of developing co-stimulatory signals and
driving effector T-cell activity.”® Also, these dendritic cells
express increased levels of IL10, indoleamine-2,3-
dioxygenase (IDO), TGF-[3, and COX-2, further potentiating
their immunosuppressive effects. Furthermore, they express
increased levels of vascular endothelial growth factor (VEGF)
and pro-inflammatory cytokines like IL6 and IL8, which are
all potent mediators of cancer growth and metastasis.”
Immature myeloid precursor cells are of intense interest as
they are implicated in cancer immune suppression as well as
immune suppressive states, such as that in sepsis. These cells
are aptly named myeloid derived suppressor cells (MDSC).
They are broadly defined as LIN", CD11b", HLA-DR", and
CD33" cells in humans, and they encompass immature neu-
trophils, dendritic cells, and monocytes, as well as early
myeloid progenitors.>* In cancer, they are released in response
to CSF secreted by the cancer stroma. They allow tumor
survival and growth by suppressing natural killer (NK) cell
function, inhibiting cytotoxic T-cell expansion, as well as
expanding regulatory T-cells that are immunosuppresive.”>°
Additionally, they can promote angiogenesis by the secretion
of VEGFA, basic FGF (bFGF), and TGF-B.>” The develop-
ment of cancer MDSCs may be tightly integrated with the
development of individual pathological myeloid cell types
and many functions of MDSCs collectively reflect those of
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individual pathologic granulocytes, macrophages, and den-
dritic cells. Targeting MDSCs for cancer therapies can be
accomplished using one of three strategies:

1. Facilitate their maturation into effective immune cells that
can assist with cancer killing.

2. Inhibit their immune suppressive effect on cytotoxic im-
mune cell proliferation and function.

3. Prohibit their production and release from bone marrow.

Many cancer drugs currently use one of these strategies, and a
number of them are used to treat colorectal cancer.™

The T-lymphocyte is the main effector cell in the immune
system and major checkpoints exist in the immune system that
down-regulate the T-cell response. For example, cytotoxic
lymphocytic antigen-4 (CTLA-4) dampens T-cell directed
killing. Antagonistic antibodies for this receptor therefore
liberate T-cells from such inhibition and enhance the destruc-
tion of cancer. In fact, this class of drugs, approved by the
Food and Drug Administration in 2010 is the first to demon-
strate a survival benefit against melanoma. Programmed death
1 (PD1) is another checkpoint affected by CTLA-4."
Uncovering additional checkpoints and finding ways to block
them will be a major component in future cancer therapy.

The CSC is a unique pro-inflammatory instrument. Instead
of being recognized by the body as foreign like most patho-
gens or autoantigens, it can evade immune destruction and
send signals that promote tumor survival and metastasis. The
idea of reprogramming our own body’s immune system to
combat tumors is an attractive one. A better understanding of
all components of the immune system and their roles within
the tumor environment is necessary to achieve this goal.

Vasculature

Although, as mentioned above, CAFs are adapted to support the
anaerobic metabolism that cancer epithelia often exhibit, angio-
genesis is still required to support a tumor’s high metabolic
demand.*> A positive correlation exists between the degree of
angiogenesis and the severity of cancer.”® For this reason, the
search for angiogenesis inhibitors has received much attention in
recent years. However, the exhaustive pool of knowledge gained
from angiogenesis research has not, as many had hoped, yielded
a cure for cancer. This is partly due to the complexity of the
tumor microenvironment and partly due to a dilemma involving
the problem of drug delivery. In order to deliver drugs, robust
blood supply is needed, but as the tumor vasculature contracts,
the effects of drugs necessarily decrease. This reduces the effec-
tiveness of not only anti-angiogenesis drugs, but also other
chemotherapeutic agents. In the same vein, hypoxic regions of
tumors may harbor stem cells that have low metabolic require-
ments, which further contribute to chemoresistance.®® Evidence

from recent glioblastoma research reveals that CSCs can under-
go mesenchymal differentiation, giving rise to pericytes that
support vascular tissue growth and function.®!

The current generation of anti-angiogenesis therapies has
been developed following the principle outlined by Judah
Folkman.®” He stated that it is “helpful to think the switch to
the angiogenic phenotype as a net balance of positive and
negative regulators of blood vessel growth. The extent to which
the negative regulators are decreased during this switch may
dictate whether a primary tumor grows rapidly or slowly and
whether metastases grow at all.” He further observed that
positive regulators available in the tumor microenvironment,
such as aFGF, bFGF, VEGF, angiogenin, by themselves do not
result in faster angiogenesis required by the tumor. There must
be concomitant downregulation of the negative regulators such
as thrombospondin and angiostatin. In many cancers,
thrombospondin is decreased with p53 mutation, and
angiostatin is decreased by critical tumor mass. A number of
anti-angiogenesis drugs have been developed and approved for
clinical use. They target a variety of mechanisms, including
those involving growth factors like VEGF, EGF and platelet-
derived growth factor (PDGF), receptor tyrosine kinases
(RTK), transcription factors like HIF, and molecules involved
in MAPK and PI3K signaling.®> Avastin (bevacizumab), a
VEGF inhibitor was the first of such drugs, and it was approved
in 2004 for use in metastatic colorectal cancer. It slowed tumor
growth and improved patient survival.®* The commonality
among all of these drugs is that they are angiogenesis-
inhibiting agents (AIA), and that they are used at late stages
of cancer to retard tumor growth and prolong patient survival.

There is another burgeoning area of anti-angiogenesis re-
search that aims to rapidly destroy early tumor vasculature either
by disrupting endothelial cell cytoskeleton or inducing their
apoptosis. These drugs are termed tumor vascular disrupting
agents (VDA). Tumor-VDAs are given during early tumor
development to initiate thrombotic events in the neovasculature
and cause extensive tumor necrosis.”” These agents are in early
clinical trials, and may be used alone or with other treatment
modalities, such as radiation, to enhance cancer killing.

In summary, angiogenesis is a key feature in tumorigenesis.
Many cellular and intercellular processes in the tumor micro-
environment play a role in this activity. We have developed
numerous drugs exploiting a number of important factors.
While many show beneficial effects in the clinical setting,
they improve the length and quality of life by only a modest
margin. The next generation of tumor-VDAs has the potential
to be a game changer, pending results of the clinical trials.

Conclusion

The study of CSCs has transformed over time and necessarily
incorporates the tumor microenvironment. The appreciation
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for the complex interaction among all components of the
microenvironment increases with the growth of knowledge
in this area. This appreciation will allow us to create mature
and comprehensive cancer treatment regimens. This review
outlines a schematic of how the cancer microenvironment
may behave, using a system of functional compartments in-
cluding the prototypical epithelial cancer cell (the CCSC), the
stem cell niche, the stroma, the immune system, and the tumor
vasculature. There are many details that still need to be eluci-
dated and integrated into this scheme. It may be helpful to
think of tumors as organs, as they are composed of multiple
tissue types derived from more than one embryonic origin.
Future treatments of tumors, including ones in the lower
gastrointestinal tract, must usurp all components of this com-
plex organ.

Moreover, we must not neglect the fourth dimension of
tumors, which is time. While CSCs evolve over time, other
components of the microenvironment co-evolve. For these
reasons, there may never be an all-encompassing cancer cure.
In fact, an optimal outcome may be that the patient survives
with a low level of existing disease, with minimal impact on
their quality of life. The revolution in genetic and epigenetic
research may allow us to peer into the individuality of a tumor
at a particular time in space, keep pace with its progression,
and orchestrate a systematic attack tailored to a single patient
involving multiple modalities and therapeutic regimens.
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