Prognostic and Predictive Significance of Stromal
Fibroblasts and Macrophages in Colon Cancer

Supplementary Issue: Biomarkers for Colon Cancer

Benjamin Y. Owusu, Mudit Vaid, Pawan Kaler and Lidija Klampfer

Department of Oncology, Drug Discovery Division, Southern Research Institute, Birmingham, AL, USA.

ABSTRACT: Colon cancer development and malignant progression are driven by genetic and epigenetic alterations in tumor cells and by factors from

the tumor microenvironment. Cancer cells become reliant on the activity of specific oncogenes and on prosurvival and proliferative signals they receive

from the abnormal environment they create and reside in. Accordingly, the response to anticancer therapy is determined by genetic and epigenetic changes

that are intrinsic to tumor cells and by the factors present in the tumor microenvironment. Recent advances in the understanding of the involvement of the

tumor microenvironment in tumor progression and therapeutic response are optimizing the application of prognostic and predictive factors in colon cancer.

Moreover, new targets in the tumor microenvironment that are amenable to therapeutic intervention have been identified. Because stromal cells are with

rare exceptions genetically stable, the tumor microenvironment has emerged as a preferred target for therapeutic drugs. In this review, we discuss the role

of stromal fibroblasts and macrophages in colon cancer progression and in the response of colon cancer patients to therapy.
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Tumor Microenvironment and Tumor Heterogeneity
It has been known for a long time that cancers originating
from diverse tissues have unique characteristics. In fact, most
current anticancer therapies are based on the organ of origin
and new drugs are being tested in organ-based clinical trials.
However, extensive variations exist between tumors of dif-
ferent patients that arise from the same tissues (interpatient
variability), and among primary and metastatic tumors, which
are referred to as intertumoral differences.

In addition, tumors are characterized by extensive intra-
tumoral heterogeneity, as cells within a tumor exhibit a high
degree of molecular and phenotypic heterogeneity. Several
studies established that intratumoral heterogeneity is driven
by the coevolution of tumor cells with nonmalignant stro-
mal cells, such as fibroblasts, immune cells, endothelial cells,
and the extracellular matrix (ECM; reviewed in Refs. 1-3).
However, it has only recently become evident that intratu-
moral heterogeneity has both prognostic and predictive values
and is a key factor driving treatment failure.

The Cancer Genome Atlas, a collaborative effort of
cancer biologists and oncologists, discovered nearly 10 million
cancer-related mutations,* with very few mutations present in
the majority of tumor cells.” However, most of these mutations

are passenger or bystander mutations that are not required
to maintain the transformed phenotype. Because passenger
mutations offer no selective growth advantage, they do not
constitute appropriate therapeutic targets. Only mutations that
actively contribute to tumor initiation and progression, called
driver mutations, should guide the selection of patients for tar-
geted therapy. Several recent reports established that classifi-
cation of colon cancer patients into molecular disease subtypes
based on whole-genome expression data is more informative
than classification based on a single mutation and has both
prognostic and predictive values (see below).>®” Based on this
work, it has been suggested that cancers from different organs
that have related molecular characteristics and share common
driver mutations should be managed similarly.®

Although tumor heterogeneity is primarily the result of
genetic instability, an evolving hallmark of cancer, epigenetic
changesalso contribute to inter- and intratumor heterogeneity.’
Factors in the tumor microenvironment promote tumor het-
erogeneity, at least in part, by providing an appropriate niche
for cancer stem cells (CSCs).1%1! Myofibroblasts have been
shown to foster CSC population by promoting Wnt signal-
ing through production of hepatocyte growth factor (HGF).12
We demonstrated that macrophage-derived IL-1 enhances
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13715 underscoring the

Wnt signaling in colon cancer cells,
significance of the tumor microenvironment in generating
functional diversity within a tumor. In agreement with pre-
clinical findings, primary colon tumors display heterogeneous
activity of Wnt signaling and cells with the highest levels of
Wnht signaling display characteristics of CSCs.12:16718

Intratumoral heterogeneity presents a major challenge for
targeted therapeutic strategies.!’” Anti-epidermal growth fac-
tor receptor (anti-EGFR) antibodies, such as cetuximab and
panitumumab, are approved for the treatment of colon cancer
patients with wild-type (W'T) KRas; however, only a propor-
tion (15%-35%)%°-2% of these patients responds to therapy and
virtually all patients develop resistance. It has been demon-
strated that chronic exposure of cetuximab-responsive cells
to the drug results in the emergence of cetuximab-resistant
clones that harbor KRas amplification or KRas mutations.?*
The authors showed that these resistant lines emerged as a
result of expansion of rare preexisting drug-resistant clones
or due to acquisition of de novo activating KRas mutations.
Indeed, the vast majority of patients who develop resistance
to cetuximab have been shown to gain either KRas muta-
tions or amplifications, confirming clinical relevance of these
findings. Another study confirmed that rare cells with KRas
mutations are present at a low level in WT KRas tumors.?
The authors found mutant KRas DNA in the circulation of
38% of patients whose tumors were initially characterized as
WT KRas. However, as we discuss below, it is often factors
from the tumor microenvironment, such as HGF, that blunt
the response to anti-EGFR therapy.

In addition, anti-EGFR therapy appears to have a neg-
ative impact on the outcome in patients who carry a KRas
mutation.?® While cetuximab improved median progression-
free survival (PFS) in patients with WT KRas, it actually
shortened the PFS in patients with MT KRas. Thus, the
presence of KRas mutations not only predicts resistance to
inhibitors of EGFR signaling but also identifies patients who
may be actually harmed by these drugs. Similarly, treatment
of BRAF WT multiple myeloma cells with BRAF inhibitors
results in activation of the oncogenic RAS-ERK pathway and
promotes metastasis,?’ confirming that treatment of resistant
cancers might actually accelerate disease progression.?®

Preclinical models, perhaps with the exception of patient-
derived xenografts, do not recapitulate heterogeneity observed
in human beings, and current treatment strategies in colon
cancer patients do not take into account tumor heterogeneity.
However, it is becoming clear that simultaneously blocking
of multiple targets, using combinations of drugs, is required
to prevent acquired therapeutic resistance and to achieve a
durable patient response. This situation resembles the need to
treat infectious diseases caused by microbes prone to develop
drug resistance, such as HIV or Mycobacterium tuberculosis,
simultaneously with multiple antiviral agents or antibiotics in
order to prevent development of multidrug resistance. Pres-
ently, treatment decisions are based on the most prevalent

clone derived from biopsies that are captured from a single
tumor location. Although profiling of tumors from multiple
regions and serial tumor testing may improve the therapeutic
strategy, it is inconvenient for the patients as it entails obtain-
ing multiple biopsies from numerous regions of the tumor. The
hope is that the development of minimally invasive methods,
such as profiling circulating tumor cells and analyzing circu-
lating tumor DNA, will overcome these obstacles.?~2

While therapeutic resistance can develop due to evolution
of tumors, accompanied by the acquisition of advantageous
genetic and epigenetic changes, the tumor microenviron-
ment plays a major role in therapeutic response. This review
is focused on the role of cancer-associated fibroblasts (CAFs)
and macrophages in colon cancer progression and the response
of colon cancer patients to therapy (Fig. 1). However, by no
means do we assume that the contribution of other stromal
components, such as T- and B-cells, endothelial cells, and the
ECM, to prognosis and therapeutic response of colon can-
cer patients is marginal. In fact, TNM (T is for T cells and
M is for memory) staging in colon cancer has been recently
proposed?® and the immunoscore has been introduced for the

classification of malignant tumors.3+-3

CAFs have Prognostic and Predictive Values

CAFs or myofibroblasts are often the predominant nonmalig-
nant cell type in the tumor stroma. The origin of CAFs is not
well understood; they have been shown to derive from epithe-
lial cells via epithelial-mesenchymal transition (EMT) or by
transdifferentiation from resident fibroblasts, adipocytes, mes-
enchymal cells, or hematopoietic stem cells.” Tumor-derived
factors, including transforming growth factor-f (TGF-B),
have been shown to mediate the conversion of normal fibro-
blasts into CAFs.3® CAFs share characteristics with activated
fibroblasts found in injured and fibrotic tissues. However,
activated fibroblasts revert to a quiescent phenotype once the
process of healing is completed, tumor-associated fibroblasts
remain constitutively activated and promote growth and sur-
vival of cancer cells.

Common markers to identify (and to quantify) CAFs in
patient samples include alpha smooth muscle actin (0-SMA),
fibroblast activation protein (FAP), fibroblast-specific
protein-1 (FSP-1/S100A4), or platelet-derived growth factor
receptor-B.3%%° In addition, secretome of colon CAF has been
characterized.** CAFs stimulate tumor cell proliferation, sur-
vival, migration, and invasion through the secretion of growth
factors and cytokines, such as HGF, TGF-, interleukin-6
(IL-6), and stromal cell-derived factor-1ot.** In addition,
CAFs secrete ECM and proteases, such as matrix metallopro-
teases, cathepsins, and plasminogen activators, and thereby
induce EMT and promote invasive growth of colon cancer
cells.39:42-45
In a recent study, we compared the ability of normal
intestinal fibroblasts and fibroblasts isolated from Crohn’s
disease (CD), ulcerative colitis (UC), or colon cancer patients
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Figure 1. Interplay between tumor cells and stroma. Fibroblasts and macrophages secrete a variety of soluble factors that trigger oncogenic signaling in
tumor cells (Wnt, STAT3, NF-xB), resulting in enhanced proliferation, migration, and resistance to therapy. Note that some factors (eg, TGF, IL-6) can
be produced by both macrophages and fibroblasts. In turn, tumor cells can produce factors, such as TGFf, IL-13, and HGF (indicated by red arrows), that

activate stromal cells.

to regulate the growth of colon cancer cells. We found that
normal fibroblasts induce STAT1 signaling in colon cancer
cells and restrain their growth,* consistent with a tumor-
suppressive role of the normal stroma.*” Fibroblasts failed to
inhibit growth of STAT1-deficient tumor cells, confirming
a crucial role of STAT1 for the cross-talk between tumor
cells and fibroblasts.*® Our findings demonstrated that myo-
fibroblasts isolated from CD or UC patients, who have a
significantly elevated risk of developing colon cancer, failed
to induce STATT signaling and to inhibit growth of cancer
cells. TNE, a cytokine with a crucial role in CD, reduced the
ability of fibroblasts to induce STAT1 signaling in tumor
cells. Thus, our data suggest that an initial step in the evolu-
tion of tumor-associated stroma is loss of the ability of stromal
cells to restrain the growth of the adjacent epithelium. This is
ultimately followed by the gain of tumor-promoting activity of
CAFs. Proteome profiling confirmed a pro-inflammatory and
desmoplastic signature of colon CAFs.*

0-SMA, a marker of myofibroblasts, has been shown to
be an independent prognostic factor, comparable to lymph
node metastasis, an established and powerful prognostic factor
for colorectal cancer (CRC).**** a-SMA as a prognostic fac-
tor was also superior to other tumor and stromal components,
including histology of the tumor invasive front, peritumoral
lymphocytic infiltration, and Crohn’s-like lymphoid reaction.
It has been suggested that the abundance of myofibroblasts
in cancer-associated stroma may serve as a useful indicator
of disease recurrence after curative CRC surgery.”! CAFs
with increased ability to promote the migration of colon

cancer cells have also been shown to have higher expression
of a-SMA mRNA than fibroblasts with low promigratory
ability.”> Most significantly, patients with the high “CAF
signature” had a remarkably poor prognosis. A recent study
investigated the expression level of Hsp27 in CAFs and its
clinical implications in patients with CRC lung metastases.
'The authors found that Hsp27 is highly expressed in tumor
stroma of CRC lung metastases and that it is co-expressed
with a-SMA. Stromal a-SMA and Hsp27 were found to be
associated with poor clinical outcome after pulmonary metas-
tasectomy. Moreover, soluble Hsp27 was found to be increased
in patients before pulmonary metastasectomy and to decrease
after surgery to levels comparable to healthy controls, suggest-
ing that serum Hsp27 may be a potential marker for meta-
static disease in CRC.> Accordingly, expression of FAP, an
established marker of CAFs, has been shown to be associated
with an aggressive disease and to be an independent negative
prognostic factor in colon cancer patients.**>*

It has become clear that the current staging system is
not optimal to ascertain the prognosis of stage II colon
cancer patients, which leads to both under- and overtreat-
ment of patients. Analysis of 192 CRC patients revealed that
tumors with abundant myofibroblasts were associated with
shorter disease-free survival for stages II and III CRC.*!
Although the abundance of stroma can help to predict
outcome of colon cancer patients, it is not merely the num-
ber of fibroblasts that is prognostic, but their activation state.
Recent studies established that the CAF-derived 5-gene sig-
nature (AMIGO2, ULBP2, PDLIM3, SLC7A2, and CCL11)
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identifies stage II patients’ risk of relapse more precisely than
conventional clinicopathological criteria alone.> This estab-
lished that the CAF-derived 5-gene classifier may help to
identify high-risk stage II patients who would benefit from
adjuvant therapy.

Several independent studies have proposed classification
of colon cancer patients based on distinct global gene expres-

sion profiles,®”¢

which appears to have both prognostic and
predictive significances. All these studies confirmed that the
expression of mesenchymal genes correlates with poor out-
come in CRC patients (Fig. 2).57¢

Remarkably, careful evaluation of these classification sys-
tems by Calon et al established that the predictive power of
these studies is derived from genes expressed in stromal rather
than in epithelial cells.”” The authors found that active TGF-
signaling in CAFs increases the frequency of tumor-initiating
cells, a common feature of all the CRC subtypes with poor
prognosis. Most importantly, they showed that inhibitors of
TGF-B signaling block the cross-talk between cancer cells and
fibroblasts and prevent metastatic spread.’”

Another study confirmed that the CAF signature was
associated with poor prognosis in untreated colon cancer
patients and also predicted resistance to radiotherapy in rec-
tal cancer.’® Together, these data confirmed that stroma
significantly contributes to clinical features of CRC and shapes
the therapeutic response.

4 N\
Epithelial
Well differentiated
Kras MT
p53MT
CIN++, Wnt

Good prognosis

cCs1 Good response to EGFRI

o )
a I
MSI
Poorly differentiated
BRAFMT
CIMP++, MSI++
Immune response

CCSs2

Good prognosis

o /
a I
Mesenchymal
Poorly differentiated

EMT, prominent stroma
CIN+, MSI+

o /

Figure 2. Molecular classification of colon cancer into three main colon
cancer subtypes (CCS).® This approach is more accurate for guiding
therapeutic decisions. For example, these classifications established
that KRas mutations are not optimal criteria for the selection of patients
for an anti-EGFR therapy, as the CCS3 patients fail to respond to EGFR
inhibitors irrespective of the KRas status.

Abbreviations: CIN, chromosomal instability; MSI, microsatellite
instability; CIMP, CpG island methylator phenotype; EMT, epithelial—
mesenchymal transition.

Poor prognosis

ccss3 No response to EGFRI

Therapeutic ~ strategies  have traditionally  been
implemented based on the molecular characterization of
malignant cells, such as genomic, genetic and epigenetic alter-
ations, chromosomal instability (CIN), tumor suppressor gene
inactivation/oncogene activation, and microsatellite instability
(MSI).5-¢1 In colon cancer, this has led to the establishment
and clinical implementation of biomarkers of drug sensitivity
such as the status of KRas being used to select patients for
anti-EGFR therapy. However, the influence of nonmalignant
stroma cells in the tumor microenvironment on therapeutic
efficacy is increasingly being appreciated. Indeed, fibroblasts
not only have a prognostic value but also predict the response
to therapy. Recently, it has been demonstrated that growth
factors, such as HGF, FGEF, and neuregulin-1, which are pre-
dominantly secreted by cells in the tumor microenvironment,
inhibit the efficiency of targeted therapeutic agents.®> A study
by Liska et al®® confirmed that fibroblast-derived HGF could
rescue CRC cells from cetuximab-mediated EGFR inhibi-
tion, suggesting that inhibitors of the HGF/MET signal-
ing pathway could improve the response of CRC patients
to EGFR inhibitors. Indeed, a recent study revealed that
increased serum levels of HGF are associated with resistance
to anti-EGFR antibodies in metastatic CRC patients with
WT KRas.** Serum HGF levels could therefore be a promis-
ing biomarker for the prediction of the response to anti-EGFR
therapy and for the selection of patients for polytherapy with
anti-EGFR and anti-HGF/MET drugs.

Finally, therapeutic agents induce significant changes
in the microenvironment. Therapy-induced DNA damage
response in cancer and stromal cells is associated with the
production of a complex network of secreted inflamma-
tory factors, called the DNA damage-associated secretory
program or therapy-induced secretome. Thus, therapeutic
agents generate their own pro-inflammatory microenviron-
ment, which enhances the survival of drug-sensitive cells
and promotes the expansion of drug-resistant clones, con-
tributing to the development of acquired resistance to ther-
apy.®® For example, the analysis of matched CRC samples
from patients before and after treatment revealed a signifi-
cant increase in CAFs. Most significantly, chemotherapy-
treated human CAFs enhanced self-renewal of CSCs and
promoted tumor growth, which was dependent on therapy-
induced secretion of specific cytokines and chemokines,
including interleukin-17A (7A).%°

It therefore appears that a durable therapeutic response
can be achieved only by targeting both tumor cells and their
supportive stroma and by “normalizing” the tumor micro-
environment. However, despite the abundance of encourag-
ing preclinical data, which confirmed that targeting CAFs
impacts tumor progression and the response of tumors to
therapy, multiple therapies designed to target CAFs or CAF-
derived factors have failed in clinical development. Better
understanding of the role of the stroma in tumor progression
and in modulating the response of tumor cells to therapy
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is needed to design therapeutic approaches that involve the
tumor microenvironment.

Prognostic and Predictive Values

of Tumor-associated Macrophages

Macrophages have an innate ability to recognize and to poten-
tially destroy cancer cells. However, tumor-derived factors can
polarize macrophages into tumor-promoting cells that support
growth, survival, migration, and metastatic spread of cancer
cells. In addition, tumor-associated macrophages (TAMs) are
immunosuppressive and inhibit the natural killer (NK) cell and
T-cell-mediated immune response to tumors.®” The prognostic
and predictive roles of macrophages depend on the cancer type.
While macrophages indicate poor prognosis in breast, brain,
head and neck, kidney, ovarian, skin, and bladder cancers,
their role in the progression of colon cancer appears to be more
complex, with reports of both tumor-suppressive and tumor-
promoting activities.®® Macrophage-specific inactivation of
STAT3 in mice has been shown to trigger chronic intestinal
inflammation, coupled to the development of invasive intes-

% confirming a role of macrophages in

tinal adenocarcinomas,
the development of colon cancer.

TAMs are among the most abundant immune cell popu-
lation in the microenvironment of various tumors, including
colon cancer.””® TAMs are derived from monocytic pre-
cursors circulating in the blood,”> and it has been recently
demonstrated that circulating monocytes isolated from colon
cancer patients display a distinct gene signature that can

serve as a biomarker for diagnosis and therapeutic response.”

Chemokines, such as CCL2, CCL5, and CXCL1, play a
key role in the recruitment of monocytes to the tumors,”’
and neutralization of CCL2 reduces colitis-associated colon
carcinogenesis.”” In addition, vascular endothelial growth
factor (VEGF), platelet-derived growth factor, TGF-f3, and
macrophage colony-stimulating factor have been shown to
play an important role in recruitment, survival, and differen-
tiation of macrophages.”

Depending on the nature of the microenvironment,
monocytes can differentiate into either M1 or M2 type mac-
rophages.”*8" M1 macrophages are induced in response to
IFNy and microbial stimuli lipopolysaccharide (LPS) or cyto-
kines such as TNF-o and granulocyte-macrophage colony-
stimulating factor.”! In contrast, activation by IL-4, IL-13,
CSF-1, IL-10, and glucocorticoids triggers alternative polar-
ization of monocytes into M2 macrophages.®:82 M1 and M2
macrophages represent the extremes of TAM polarization,
with a continuum of functional states in between, and most
TAMs are of mixed phenotype, expressing simultaneously
M1 and M2 markers.

M2 macrophages contribute to tumorigenesis by produc-
ing an array of cytokines, chemokines, growth factors, and
proteases that have tumor-promoting activity.?>84Macrophages
secrete thymidine phosphorylase that promotes endothelial cell
migration® and several matrix metalloproteinases (MMPs),

including MMP-2, MMP-7, and MMP-9,3887 to promote
angiogenesis. It has been shown that 75% of colon carcinoma
samples have elevated expression of MMP-7 compared to the
adjacent normal tissue.® TAMs are also the source of proteases
involved in digestion of the ECM and the basement membrane,
such as cathepsin B,% cathepsin D,’° and urokinase-type plas-
minogen activator (uPA).”! These proteases are overexpressed
in cancer tissues and correlate with poor prognosis of colon
cancer patients.

The number of TAMs is generally increased in tumors
with increased hypoxic conditions.? Stabilization of hypoxia-
inducible factors 1 and 2 (HIF-1 and -2) in TAMs leads
to enhanced expression of VEGF, FGF, and several other
chemokines.”>?* The expression of VEGF-A and VEGF-C is
significantly increased in colon carcinomas compared to nor-
mal tissues,” and HIF-10 expression in colon cancer correlates
with both VEGF expression and microvessel density.”® Deple-
tion of macrophages in an orthotopic syngeneic mouse model
of colon cancer prevented liver and peritoneal metastases,
confirming a proangiogenic and prometastatic role of
macrophages.’’

Pro-inflammatory cytokines IL-1B and TNF-o. secreted
by TAMs promote colon cancer angiogenesis, in part, via
enhancement of angiogenin expression in colon cancer cells.”
Increased serum angiogenin concentration in CRC corre-
lates with cancer progression.”” We showed that colon cancer
cells activate macrophages to secrete IL-1P, which promotes
Whnt signaling in colon cancer cells, driving their growth and
therapeutic resistance.!3> Activated macrophages have also
been shown to stimulate NFxB and promote proliferation and
migration of colon cancer cells via production of TNFa, IL-j3,
and IL-6.10

Myeloid-derived suppressor cells (MDSCs), representing
immature myeloid cells, are recruited to the tumor microen-
vironment, and their number correlate with the clinical out-
come and metastatic progression in colon cancer.!® MDSCs
promote cancer immune evasion by suppressing functions of
T-cells and NK cells and have been shown to play a critical
role in the development of colitis-associated colon cancer.!%?

Consistent with the ability of macrophages to modulate
the growth of tumors, to suppress antitumor responses, to
promote angiogenesis, and to support invasion and metasta-
sis of tumors, increased density of macrophages is associated
with poor prognosis in breast, prostate, bladder, and cervi-
cal cancers.!®1% However, there are conflicting data about
the role of TAMs in CRC. Infiltration of M1 macrophages
has been shown to correlate with improved survival of colon
cancer patients, independent of the MSI or CpG island
methylator phenotype (CIMP) status.!® Likewise, patients
with advanced CRC have a low number of macrophages at
the invasive front and in the stroma!®® and the presence of
VEGEF expressing TAMs is indicative of improved survival in
1 suggesting that
TAM:s play a protective role in CRC. Colon cancer patients

stage II and stage III colon cancer patients,
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with a low level of macrophage infiltration had a significantly
greater depth of tumor invasion than patients with a high level
of macrophage infiltration, confirming that macrophages can
exert an antitumoral effect in CRC patients.!'? Indeed, it has
been shown that a high ratio of macrophages to colon cancer
cells inhibits the growth of colon cancer cells in vitro, and
using macrophage marker CD68, the authors demonstrated
that macrophage infiltration is associated with improved
survival of colon cancer patients.!'* A high density of CD68+
tumor infiltrating cells has been shown to serve as an inde-
pendent prognostic marker for a five-year relapse-free survival
and an overall survival of CRC patients.t%114

In contrast, analysis of 289 CRC patients concluded that
both CAF and M2 macrophages were significantly associ-
ated with poor disease-free survival and poor overall survival
of colon cancer patients.!’® The authors used o-SMA and
FSP-1 as markers for CAF and CD163 as a marker for M2
macrophages. Interestingly, the association with poor sur-
vival was even more robust when analysis was done with CAF
and M2 markers combined compared to when these markers
were studied individually. The contradictory results may be
attributed to the markers used for the macrophages in these
studies. Whereas Herrera et al'*® used CD163 as a marker of
M2 macrophages, studies from other groups described above
used CD68, which is a pan-monocyte/macrophage marker.

Macrophages modulate the response to therapy by pro-
ducing soluble factors, including IL-6, TNF, IL-1B, and
IL-17, which activate prosurvival signaling pathways, such as
STAT3, Wnt, and NFkB, in cancer cells. We described that
macrophages protect colon cancer cells from TNF-related
apoptosis-inducing ligand (TRAIL)-induced apoptosis by pro-
moting Wht signaling in colon cancer cells.*!1¢ Inactivation
of B or silencing of B in macrophages inhibited their ability to
counter TRAIL-induced apoptosis. TRAIL-induced collapse
of the mitochondrial membrane potential (A¥) and activation
of caspases were prevented by macrophages or by recombinant
B. However, macrophages can also enhance the response to
therapy. For example, we demonstrated that macrophages and
IL-1P actually promote 5-fluorouracil (5FU)-induced apoptosis
in colon cancer cells (Fig. 3A; Kaler and Klampfer, unpublished
data). The presence of macrophages (Mo) or treatment with
IL-1B increased the response to SFU (Fig. 3A), confirmed by
enhanced activation of caspase-7 and cleavage of Poly (ADP-
ribose) polymerase (PARP) (Fig. 3B). These findings are in line
with a complex role of macrophages in colon cancer.

Preclinical studies have established that blocking mac-
rophage recruitment into tumors, or altering their function,
modulates disease progression and alters the response of tumor
cells to therapy.11”11® Because of the critical role of CCL2 and
CSF-1 for the recruitment of macrophages to tumors, inhibi-

tors of CSF-1, CSF-1R, and CCL2 have entered clinical

trials, testing their efficiency in patients with solid tumors.1”

These studies suggest that antagonists of CSF-1, CSF-1R, and
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Figure 3. Macrophages promote 5FU-induced apoptosis. (A) HCT116
and HKe-3 cells were treated with 5FU (10 uM) in the absence or the
presence of THP1 macrophages (Mo) or IL-1B as indicated and the
extent of apoptosis was determined after 48 hours. (B) HCT116 cells
were treated with 5FU (1 uM or 10 uM) in the absence or the presence of
THP1 macrophages or IL-1B as indicated for 48 hours. Cell lysates were
examined for the presence of cleaved PARP, cleaved caspase-7, p53,
and p21 by immunoblotting.

CCL2 are well tolerated; however, it remains to be evaluated
whether drugs that target TAMs should be used alone or in
combination with classical or targeted therapy.

Conclusions

Recent efforts in molecular classification of CRCs have sig-
nificantly improved management of colon cancer patients.
Gene expression-based stratification of colon cancers provides
prognostic information and facilitates the rational design
of therapeutic strategies for individual patients. Targeted
therapeutic agents, directed at specific features of cancer
cells, are likely to replace conventional chemotherapy. One
of the main barriers in personalized medicine is the identi-
fication of biomarkers that predict who will benefit from a
particular targeted therapy. It is becoming evident that some
of these markers are not intrinsic to tumor cells, but reside in
the tumor microenvironment. Therapeutic strategies to nor-
malize the tumor microenvironment or to inhibit signaling
between tumor cells and the supporting stroma are being
tested in preclinical studies. These new classes of antican-
cer drugs are redefining traditional treatment and hold great
promise to overcome the resistance to classical and targeted

therapy.
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