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1. Introduction

The progression of colorectal cancer (CRC), like that of other solid tumors, has been first
conceptualized by pathological staging (initially according to Dukes and later by the
AJCC/UICC TNM staging system) as a step-wise invasion of bowel layers, followed by
lymph-node involvement, to culminate into distant organ metastasis . Additionally, the
recognition of pre-cancerous lesions (i.e., adenoma) set up the notion that cancer develops
from a benign lesion, according to an adenoma-to-adenocarcinoma sequence. In the last two
decades, the anatomic frame of progression has been embraced by the molecular genetic
model of CRC, according to which accumulation of gene damage drives progression from
adenoma to cancer, subsequently leading to the emergence of invasive and spreading clones
2. Gene damage is known to be driven from two types of genetic instabilities: microsatellite
(MSI) and chromosomal (CIN) instability. More recently, the epigenetic silencing of tumor
suppressor genes, namely CpG island methylator phenotype (CIMP), has been claimed as a
distinct pathway of colorectal carcinogenesis (Table 1) 3.

Moving from this cornerstone, current research is exploring non-clonal determinants of
tumor progression (Table 1)45. Collectively referred to as “tumor microenvironment” these
factors can restrain or fuel tumor development and fate, and comprise infiltrating immune
cells, neo-vessels, activated fibroblasts, and mesenchymal stem cells ¢. Not acting like a
tumor scaffold, rather actively signaling with neoplastic cells, microenvironment influences
the selection and emergence of aggressive clones, as well as their dissemination. In a bi-
directional way, tumor molecular features influence the nearby environment by expressing
tumor antigens, while tumor microenvironment influences the molecular changes,
controlling the tumor growth. Additionally, chemokines and their receptors can be
expressed as well by cancer cells and by non-neoplastic cells, influencing clonal expansion
and cancer spread 4. The role of microenvironment in cancer promoting dynamics is well
established, providing cancer cells with oxygen, growth factors and nutrients, which can
impact on tumor growth, progression and dissemination. However, the contribution of
persistent inflammation in the carcinogenesis process encourages anti-inflammatory drug
administration as the most effective chemopreventive strategy. More recently, a growing
body of evidence suggests a dual role of immunity in cancer pathogenesis (Figure 1),
including tumor protective functions, tightly linked to patient’s prognosis. Endogenous
responses may inhibit tumor growth and modulate the clinical course of disease 7. 8.
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Fig. 1. Elements fueling and braking colorectal cancer progression

Genetic or Clonal Determinants
Genetic Instability
Microsatellite Instability (MSI)
Chromosomal Instability (CIN)
CpG Island Methylator Phenotype (CIMP)
Non-Clonal Determinants
Adaptive Immunity
CD4" lymphocytes
CDS8" lymphocytes
T regulatory lymphocytes
B lymphocytes
Innate Immunity
Macrophages
Mast Cells
Neutrophils
Natural Killer cells
Dendritic Cells

Table 1. Sub-anatomical determinants of colorectal carcinogenesis
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We review the builders of the CRC microenvironment, focusing on innate immunity and
adaptive immunity. Although there is enormous heterogeneity of results and many open
issues in methodological standardization strongly limit definitive conclusions, promising
evidences support the clinical utility of tumor infiltrating subpopulations, in particular as
prognostic biomarkers and potential therapeutic targets.

2. The players

2.1 Innate immunity

It is well known that innate immunity, not involving specific recognition of immunogenic
peptides, represents the first defense to pathological stresses, including cancer. Innate
immune cells orchestrate an inflammatory response that may stimulate or inhibit cancer
growth. A number of innate immune cells have been implicated in CRC development and
progression, including macrophages, mast cells (MC), neutrophils, natural killer (NK) cells
and dendritic cells (DC) 912

Macrophages. They are a heterogeneous cell population of the myeloid linage derived from
monocytes. These cells show two different polarization states, M1 and M2, in response to
different micro environmental signals 13. M1-macrophages, involved in cancer protecting
mechanism, interface susceptible target cells through several different mechanisms,
including secretion of tumor necrosis factor-a (TNF-a), nitric oxide, interleukin-1p (IL-1p)
and reactive oxygen intermediates. Additionally, M1s can support T-helper 1 (Th1) adaptive
immunity. Conversely, M2 macrophages can secrete factors stimulating the growth and
migration of tumor cells, such as platelet-derived growth factor (PDGF), epidermal growth
factor (EGF), and transforming growth factor-p (TGF- ), and angiogenesis-promoting
factors like vascular endothelial growth factor (VEGF) and TNF-a, as well as produce
proteases (such as metalloproteinases, MMPs) that potentially could facilitate tumor
invasion and metastasis 13-16.

In patients with CRC, tumor associated macrophages (TAM) are usually found located
around necrotic areas and the advancing tumor margin. It was originally thought that the
main function of TAMs was a direct cytotoxic effect on tumor cells, phagocytosis
apoptotic/necrotic cell debris, and present tumor-associated antigens to T lymphocytes.
Current associative evidence is in line with this view, as a high density of TAM at the CRC
invasion front, particularly the highest TAM density scored as a “hot-spot”, is associated
with a better patient outcome 17. More data are likely still needed as to TAM role in CRC, as
well as on the state of their activation (M1 versus M2) 10,

Among the M2 population, TAMs have been shown as capable of secreting proteases that
enhance invasion and metastases, together with a range of cytokines inhibiting an adaptive
tumor-specific immune response, and angiogenic factors that increase neovascularity. The
pro-angiogenetic ability of M2-macrophages has been well characterized and it is mediated
by secretion of specific factors, including VEGF, IL-1f3, TNF-a, angiogenin or, indirectly, by
the release of MMPs. MMPs are responsible for extracellular matrix degradation and
invasiveness through the connective tissue. They are released by TAMs after cancer cell
stimulation and they can act locally or be recruited to cancer cell membrane for their trip
toward progression and invasion 6. Increased frequencies of intra-tumoural TAMs have
mainly been associated with high levels of MMP type 2 and 9 expression in CRC cells. These
findings are in accord with a previous cell-line study showing that co-culturing of tumor
cells with macrophages enhances cancer cell migration, invasiveness, and MMP-2 and
MMP-9 secretion 18.
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Several authors have also shown that macrophages can release various cytokines. Kaler et al.
have recently established that macrophages promote Wnt signaling pathway in CRC cells
and enhance their proliferation, and demonstrated that macrophages exert their
protumorigenic activity mainly through the release of IL-13. The same authors
demonstrated that Tumor Necrosis Factor Related Apoptosis Inducing Ligand (TRAIL)
induced apoptosis of CRC cells is inhibited by macrophage derived IL-1p, and showed that
macrophages and recombinant IL-13 counteract TRAIL-induced apoptosis through
activation of Wnt signaling and stabilization of the nuclear transcription factor Snail in
tumor cells 1. Li et al. first reported that IL-6 released by macrophage directly promotes
CRC cell progression, also suggesting that the interaction between IL-6 and IL-10 released
from macrophages is involved in CRC progression and prognosis 20. The above findings
suggest that TAMs might play a regulatory role in the tumor microenvironment, supporting
cancer cells to manipulate their microenvironment and facilitate cancer growth.

Among M1 population, TAM secreting IL-12 and IL-23, infiltrating the tumor invasive front
are positively correlated with a favorable outcome. As mentioned above, Forssell et al.
showed that the higher CD68* macrophage infiltration along the tumor invasive front
correlated with improved survival in colon cancer compared to rectal cancer. They
concluded that a dense macrophage infiltration at the tumor invasive front positively
influences prognosis in colon cancer and that the degree of cell-to-cell contact may influence
the balance between pro-tumorigenic and anti-tumorigenic properties of macrophages 17.
High levels of tissue macrophages have been also associated with earlier disease stage,
absence of nodal and lympho-vascular metastases and an overall better prognosis. Zhou et
al. by analyzing the relationship between the density of TAMs and the potential of hepatic
metastasis and survival have shown that a higher density of macrophages along the tumor
invasive front of CRC was associated with a higher 5-year survival rate 21. In addition,
according to Forssell’s scoring system that defines CD68 hot-spots as small areas among
which the infiltration of macrophages is above the average level of CD68-positive cells, the
highest CD68 hot-spot is associated with the lowest incidence of hepatic metastasis and a
long interval between colon resection and the occurrence of hepatic metastasis 17. 21,

The mechanisms behind the anti-tumor effects of TAMs have still not been fully elucidated,
and seem to potentially be ascribed to the M1 phenotype, which is in part controlled by the
CD4+T-lymphocytes and the death of cancer cells 22. It has been ascertained that recruitment
of TAMs contributes to the development of an adaptive immune response against cancer,
and the balance between antigen availability and clearance through phagocytosis and
subsequent degradation of senescent or apoptotic cells.

Mast Cells (MC) originate from the bone-marrow hematopoietic progenitors and migrate to
peripheral tissue close to the blood vessels, nerves and mucosal surfaces, in order to provide
a quick defense against any external attack. They participate in tissue remodeling, wound
healing and angiogenesis, but also they are responsible for pathological conditions such as
acute and chronic allergic disorders or autoimmune disorders. Recently, increasing
evidences in animal models and humans support their involvement in cancer. In APC
deficient and KitW-KitW-v mice, polyps contain significantly higher amount of MC 23, while
depletion of MC, either pharmacologically or in MC deficient mice, correspond to tumor
suppression?. In accordance, MC infiltration has been reported in human CRC. MC are
involved in angiogenesis as well as in tumor microenvironment remodeling. Based on the
close association between MC and vasculature, their role in angiogenesis is intuitive, and it
is supported by the evidence of increasing densities of MC during tumor growth, which
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goes with neo-vessels. Although MC tryptase has been claimed as the major player in this
association, human MC also constitutively expresses VEGF isoforms. Beyond the
angiogenesis, MC can play other functions in tumor microenvironment, mainly through
stimulatory signals, such as Fc receptors and Toll-like receptors (TLR). When activated MC
release mediators involved in inflammation, matrix destruction and tissue remodeling,
promoting cancer invasion and metastasis 10-25 26, Accordingly, it has been reported that the
increase in MC count correlated with a worse prognosis in patients. Gulubova and Vlaykova
proposed the MCs density along the tumor invasive front as a helpful tool for prognosis of
patients after surgical therapy, showing a correlation between high MCs density and poor
prognosis 2. Moreover, interactions between MC and regulatory T cells (Treg) have been
reported 2. MCs have been reported to mobilize T cells and antigen-presenting dendritic
cells. They modulate Treg-induced tolerance, shifting the local balance of immune
surveillance toward pro-inflammatory Treg activation and cancer progression?. In light of
these evidences, modulating mast cell recruitment, viability, activity, or mediator release
patterns could also have important implication in cancer therapy strategies.

However, some conflicting data still need to be solved. Analyzing a old large cohort of
patients, MC infiltration resulted an independent prognostic marker of favorable outcome
30, and in a recent report by Xia et al. there was no association between MC and prognosis in
stage IIIB CRCs 24. More studies are required to solve contradictions and validate the role of
MC as potential prognostic markers and therapeutic target.

Neutrophils may form up to 15% of the inflammatory infiltrate associated with CRCs
(tumor associated neutrophils, TAN) and this proportion increases within areas of tumor
necrosis. Neutrophils secrete substances such as reactive oxygen species and proteinases
that are capable of altering cell behavior and tumor microenvironment, with both pro-host
and pro-tumor effects.

In patients with rectal cancer a high density of neutrophils has been shown as an
independent predictor of improved prognosis, especially when microscopic abscesses form
10,31, On the other hand, an elevated neutrophil/lymphocyte ratio was found by Halazun et
al. to contribute to a poorer survival time and higher rate of recurrence in CRC patients
undergoing surgery for liver metastasis 10 32, It has been proposed that TANs impact on
tumor growth depends on their activation state. When moderately activated, they promote
tumor growth and remodel extra cellular matrix via Reactive Oxygen Species (ROS) and
proteinases. In contrast, when TANSs are highly activated they release higher concentrations
of the same mediators with toxic consequences on tumor cells3!.

Natural killer (NK) cells are granular lymphocytes that form part of the innate cellular
immune response. In CRC, high numbers of NK cells in the inflammatory infiltrate are
associated with better prognosis. The number of NK cells decreases with increasing cancer
stage 10. Similarly, low preoperative levels of NK cell activity in patients undergoing
curative resections are associated with disease recurrence. Because of these effects, it has
been suggested that NK cells can rapidly eliminate tumor cells without prior exposure,
whereas cytotoxic T cells require prior sensitization and therefore more time to become
effective 10. The ratio of NK cells in the peripheral blood has also been proposed as a
prognostic indicator in patients with colon cancer and it is of interest to note that 5-
fluorouracil (FU)-based chemotherapy increases the numbers of NK cells 3.

Dendritic cells (DCs), antigen-presenting cells (APCs) that are critical to the stimulation of
effective anti-tumor adaptive immune responses, can become defective in the tumor
microenvironment and aid in tumor immune evasion by failing to stimulate T lymphocytes.
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It has been suggested that the presence of DCs may be of significant benefit in patients with
CRC 34, Xie et al. also demonstrated that the presence of DCs was found predominantly in
early compared to later disease stages and mostly located in tumor surrounding tissue 35.

2.2 Adaptive immunity

It is well known that the adaptive, or specific, immunity, occurs several days after the
exposure to a particular antigen, and it is distinct from the innate immunity with respect to:
a) the specificity towards the different macromolecules, b) the immunological memory, c)
the ability to respond in a more powerful and effective way in case of repeated exposure to a
single pathogen, and d) immunological tolerance i.e. the ability to discriminate between self
and non-self.

The adaptive immunity consists of a cellular component represented by T- and B-
lymphocytes, and soluble components represented by the immunoglobulin (Ig) or antibodies.
From a functional point of view, it can be distinguished between an adaptive humoral
immunity and a cell-mediated immunity. The antibodies represent the humoral effectors
and are produced following the activation of specific bone marrow derived B-lymphocytes,
while cell-mediated effectors are represented by T-lymphocytes.

T-lymphocytes participate in inflammation, cancer development and progression, as well as
in anticancer immunity 4 9. In colitis-associated tumors (CAC) the adaptive immune system
seems to have mainly a pro-tumorigenic role, while in CRC it may play a double-faced role,
being the balance between immune-surveillance (carried out by CD8* and CD4* T-
lymphocytes) and tumor-promoting inflammation (by various sub-types of T-lymphocytes)
to change over time, and eventually dictating disease progression.

Cytotoxic T lymphocytes (CD8* T-lymphocytes, or CTL) constitute one of the leading
effectors of antitumor immunity. In order for CD8* T cells to recognize antigens, these need
to be exposed on the tumor cells in association with the human leukocyte antigen (HLA)
class I proteins 3¢. Upon encounter of a tumor cell antigen/HLA I complex for which their T
cell receptor (TCR) is specific, CD8* T-lymphocytes clonally expand and differentiate 3.
Once activated, cytotoxic T-lymphocytes can mediate specific destruction of tumor cells
through the release of lytic components via cell-cell interaction 3¢ 37. Perforin, a cytolytic
protein found in the granules of CD8* T-lymphocytes and NK cells, and enzymatic
proteases, including granzyme B, are secreted determining cell death by disruption of the
cell membrane and activation of the apoptotic pathway respectively.

CD4* T-lymphocytes, which only respond to antigens presented by the HLA class II
proteins expressed by DCs, are important for antitumor immunity. CD4* T-lymphocytes are
mainly subdivided into T helper-1 (Thl) or -2 (Th2) lymphocytes 38. Thl cells secrete
cytokines such as interferon-gamma (IFN-y) and TNF-a, and support cytotoxic T-
lymphocytes by producing IL-2, required for CD8* T cells proliferation. Conversely, Th2
cells principally secrete IL-10, IL-4, and IL-5, and limit cytotoxic T-lymphocytes
proliferation.

Regulatory T cells (Treg cells) have been defined as a T-cell population that functionally
suppresses an immune response by influencing the activity of another cell type. Treg cells
have been mainly categorized into two classes based on their ontogeny: naturally occurring
Treg (nTreg), which develop in the thymus and are present in mice and healthy humans
from an early postnatal period, and Treg which can arise in the periphery (or in vitro). nTreg
are characterized by their high expression of CD25 (CD4+*CD25*) and co-expression of the
FoxP3 39
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Although the role of B-lymphocytes in cancer has been overshadowed by the interest in
developing T-cell-mediated cellular responses, it is now apparent that B-lymphocytes can
play a complementary role in the host response against tumor. B-lymphocytes represent a
cell population that express clonally diverse cell surface Ig receptors recognizing specific
antigenic epitopes 40. In addition to the role of B-lymphocytes in antibody production, these
cells mediate/regulate several other functions fundamental for immune homeostasis. Of
significant importance is the antigen-presenting role of B-lymphocytes in the initiation of T-
cell immune responses. Moreover, B-lymphocytes can play a significant role in infection and
autoimmunity as regulatory cells (indicated as Breg) via the elaboration of suppressive
cytokines, such as IL-10, TGF-B, or IL-4. The role played by B cells in cancer immunology
remains still complex and somewhat controversial. Depending upon their state of activation,
B-lymphocytes have had divergent roles on T-cell differentiation and effector function.
Oversimplifying, resting B-lymphocytes have been reported to suppress T-cell-mediated
antitumor immunity, by acting on both CD4* and CD8* T-lymphocytes. In contrast, a
number of reports suggest the efficacy of activated B-lymphocytes in cellular immunotherapy
of malignancies. In particular, activated B-lymphocytes have been reported to enhance the
ability to generate tumor-infiltrating lymphocytes in vitro involving anti-CD3 and IL-2.

The therapeutic targeting of tumors or components of the immune system with molecule-
specific monoclonal antibodies (mAb) is now considered a viable treatment option for
cancer patients 4. One of the currently applied antibodies in clinics is represented by
rituximab (Rituxan) that targets B cells for elimination by binding the B cell-associated
marker CD20. Interestingly, Haynes et al. have recently developed a C57BL/6 TRAIL-
sensitive tumor model with the aim of being able to use gene-targeted mice to better
evaluate the innate and adaptive immune cells contributing to the tumoricidal activity of the
MD5-1 mAb (i.e. an anti-mDR5 mAb) in more clinically relevant established tumors.
C57BL/6 gene-targeted or immune cell-depleted mice were used to examine the antitumor
activity of MD5-1 against the TRAIL-sensitive mouse MC38 colon adenocarcinoma. They
found that an intact B cell compartment was critical for the therapeutic activity of MD5-1
against established tumors. B cells were confirmed to trigger tumor cell apoptosis by FcR-
mediated cross-linking of the MD5-1 mAb in vitro and in vivo B lymphocytes were critical for
directly triggering MD5-1-mediated tumor cell apoptosis.

Although the role of B-cells in human CRCs is still not completely characterized, B-cell-
deficient mice exhibit spontaneous regression of MC38 colon carcinoma cells. Studies
involving BCR transgenic mice indicated that B-cells might inhibit antitumor T-lymphocytes
responses by antigen-nonspecific mechanisms. Shah et al. investigated the role of B cells in
tumor immunity by studying immune responses of mice genetically lacking B cells to
primary tumors. They highlight that although the effects of B-lymphocytes on anti-tumor
response warrant further study, adoptive transfer of CD40(-/-) B cells into B cell-deficient
mice resulted in restored growth of MC38 colon carcinoma cells suggesting additional
factors other than CD40 are involved in dampening anti-tumor responses 42.

3. Immune cells in the colorectal cancer playground

Nowadays, it is well accepted that the host mounts both an innate and adaptive immune
response against the cancer with variable effects. The strength of this response can be
measured and has prognostic significance 43. Dendritic cells, M1 macrophages, Th1 CD4* T
lymphocytes, cytotoxic CD8* T-lymphocytes and NK cells are associated with a tumor
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protective behavior, while M2 macrophages, neutrophils, Th2 and Th17 CD4* T cells, and
Treg stimulate cancer progression 34 (Table 2).

PRO-TUMORIGENIC IMMUNITY ANTI-TUMORIGENIC IMMUNITY
Cell sub-population M2-polarized macrophages MI-polarized macrophages
Myeloid-derived suppressor cells Dendritic cells
Moderately activated neutrophils Highly activated neutrophils
FOXP3" T-regulatory lymphocytes Cytotoxic T-lymphocytes

Natural Killer cells

Cytokine profiles T-lymphocytes helper-2 T-lymphocytes helper-1
T-lymphocytes helper-17 CX3CL1
CX3CL9
CX3CL10
Tissue distrution Peritumoral Intratumoral

Close to cancer cells
Invasive tumor front

Associated features STAT 3 phosphorylation High endothelial venules

Clinical impact Negative prognostic impact Positive prognostic and predictive impact

Table 2. Dula role of immunity in colorectal cancer

Chronic inflammation, mediated by infections, autoimmune disorders or inflammatory
disease (i.e. Inflammatory Bowel Disease, IBD), is a well recognized cancer-trigger and
represents the conceptual basis for using anti inflammatory drugs in CRC prevention.
Macrophages (M2 subtype), secreting growth-, angiogenic- and chemotactic-factors, are the
main determinant of this process and they are associated with poor patients’ survival.
Growing evidence suggests that other factors take part in this process, with negative
consequences on prognosis, such as the pro-inflammatory Th17 cells or Treg 4. However,
expression of the transcription factor STAT3 was correlated with higher disease specific
mortality in CRC 4. In stage IIIB CRC, abnormal expression of the High Motility Group Box
1 protein (HMGB1) predicted poor survival 46. It has been postulated that STAT3 and
HMGBI may have negative effects on the recruitment of anti-cancer effectors.

In contrast to chronic inflammation, immunosurveillance protects against cancer formation
and progression. In this scenario, the presence of high numbers of T-lymphocytes has been
reported to be a positive prognostic factor. The first reports on the beneficial effect of
lymphocytic infiltration in CRC appeared already in the 1980’s. They were subsequently
confirmed until recent studies highlighting a prominent function for memory T-
lymphocytes and CD8* T-lymphocytes in predicting disease-free survival (DFS) and overall
survival (OS) 47.

In general terms, it has been suggested that prognosis in patients with cancer is mainly
positively affected by a) the presence of a tumor gene signature consistent with a type I
adaptive immune response (i.e., increased antigen presentation, IFN-y signaling, and TCR
signaling), and b) the presence of T cells that penetrate through tumor stroma and deeply
infiltrate the parenchyma to become intra-tumoural T cells °. Thus, besides a Th-1 response
signature, the other key feature of an effective immune response is the ability of T cells to
reach the site of the tumor and to infiltrate it (Table 2).
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A number of studies have reported that MSI, CIMP, BRAF mutation, PIK3CA mutation, and
tumor LINE-1 hypomethylation are associated with CRC prognosis and that lymphocytic
infiltration is associated with many of these molecular variables. The association of a
prognostic biomarker with a given disease, strongly suggests its stage-dependency as
outcome predictor. This is best exemplified by MSI CRC, whose overall prognostic
advantage is associated with a low frequency of stage IIl and IV cases at diagnosis as
compared to MSS counterpart 4. Most MSI CRCs show a pronounced intra-tumoral
inflammatory infiltrate (which remains a criterion for MSI testing), the mechanistic
explanation of which, however, is still incompletely understood. Within these tumors,
infiltrating lymphocytes have been identified as predominantly activated CD8* T-
lymphocytes. The presence of CTLs has been attributed to the inherently greater production
of abnormal peptides as a result of unreliable DNA repair in MSI-positive tumors. It is
known that truncated peptides produced by frameshift mutations due to MSI may be
immunogenic and contribute to the host immune response. However, the interrelationship
between tumor-infiltrating T-lymphocytes, MSI status, and other tumor molecular features
is still unknown. In any event, the data concerning the prognostic implications of T cells
have reached now a large volume and support a clear positive correlation between the
density of T cells and a better prognosis. In this respect, most seminal work has been
produced by Galon et al. 49, who first showed that a given immunological signature was
associated with the absence of pathological evidence of early metastasis and with better
survival. Such signature featured a high number of CD8* T cells (including early and
effector memory T cells). The presence of a high density of infiltrating memory CD45RO*
cells, at immunohistochemical analysis of tumor samples, was associated with the absence
of signs of early metastatic invasion, a less advanced pathological stage, and increased
survival 47. Subsequently, the same group showed that a high density of CD3* T cells at the
tumor invasion front or located in the center of the tumor, once combined, can predict
patient outcome better than the AJCC stage in patients with stage I to III CRC 4. The
question as to whether infiltrating T cells are such a powerful prognostic marker to overrun
the prognostic predictive value of AJCC staging system was faced even by other groups.
Laghi et al. 3 found that, in the absence of node metastasis, CD3* T infiltrating cells at the
tumor invasive front were associated with a low risk of metachronous metastasis and
consequent survival advantage, independently of the MS-status. This finding challenged the
view that the density of the T cell infiltrate is a stage independent predictor of survival in
CRC, and that the positive prognostic value of T cells is dependent upon the CRC MS-status.
More relevant, is the issue of the real relevance of the adaptive immune cell infiltrate in the
clinical field. Overall, one would like to know whether the density of T-cells can predict
patient’s outcome, and at what stage of the disease it can be safely applied, rather than
whether this is a stage-dependent or independent prognostic factor. It now appears that the
density of T cells, whether CD3*, CD8*, or CD45RO*, can predict outcome in early stage
CRC 4951, Inherently new issues arise from these data. One concerns the CD marker with the
strongest prognostic value, and the other the standardization of the methods to assess T-cell
density and their location with respect to CRC (i.e.,, within the tumor or at its invasive
margin). It remains controversial whether the T cells infiltration has a prognostic impact
beyond the stage of lymph-node invasion, a point at which immunoevasion may overcome
immunosurveillance, although recent data still support the view that even at this disease
stage T-cells retain a positive prognostic impact 2.
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Recently, Nosho et al. examined the prognostic role of tumor-infiltrating T-cell subsets in a
database of 768 CRCs from two prospective cohort studies. They concurrently assessed the
densities of CD3+, CD8*, CD45RO*, and FoxP3+ lymphocytes as well as other relevant
molecular (including KRAS, BRAF, and PIK3CA mutations, MSI, CIMP, and LINE-1
hypomethylation) and pathological features, therefore making possible to estimate the
independent effect of each T-cell subset density on patient survival. They found that the
density of CD45RO" cells, but not that of CD3*, CD8*, or FoxP3* cells, was an independent
prognostic biomarker of longer survival in CRC patients, while MSI-high and tumor LINE-1
methylation level are independent predictors of CD45RO*-cell density 53. In contrast,
Salama et al. 54 by analyzing T-cell infiltrates in 967 CRCs including 593 stage II and 374
stage III cases, reported that FoxP3*+ lymphocytes density had stronger prognostic
significance than CD8* and CD45RO* cells, and predicted a better outcome. FoxP3+
lymphocytes were found not associated with any histopathological features. At multivariate
analysis, stage, vascular invasion, and FoxP3+ cell density in tumoural tissue were found to
be independent prognostic indicators. These results led Salama et al. to conclude that the
inclusion of FoxP3* cell density may help to improve the prognostication of early-stage
CRC. Again, some contradiction exists, as data by other authors suggest that a high density
of intraepithelial FoxP3* is associated with a worse survival %. It should be mentioned that
in the study by Salama, tissue sampling was obtained randomly, while in the study by
Sinicrope et al. the density of FoxP3+* cells was measured within the tumor. Thus a low ratio
of CD3*/FoxP3* and a low CD3* numbers were associated with a poor outcome,
underscoring that even the interplay between effector and Treg cells might be relevant for
cancer progression . However, it is surprising how density of FoxP3* resulted to be a
positive prognostic factor when assessed in unspecified tumor regions and a negative one
when assessed within the tumor. This contradiction calls for further studies aimed to re-
appraise FoxP3* cells role in CRC, but also underlines the methodological issue of T cells
topographic assessment 5. More recently, Chew et al. investigated whether Secreted Protein
Acidic and Rich in Cysteine (SPARC), a matricellular protein involved in tissue remodeling,
cell migration and angiogenesis, FoxP3, CD8 and CD45RO expression levels were associated
with CRC stage, disease outcome and long-term cancer specific survival (CSS) in stage II
and III 57. They found that high levels of SPARC and FoxP3 protein (which seems to have an
anti-tumorigenic role in cancer progression) were associated with better disease outcome in
stage II CRC and may be prognostic indicators of CSS.

As a concluding remark, it should be pointed out that the prognostic value of a given CD set
likely overlaps with that of a neighbor or subset, and that the overall prognostic value is
likely the sum of different action exerted by each subset, including the balance between
effector and regulatory arms.

It might not exist a T-cell marker that has the highest performance, as the overlapping
nature of CD includes more than one cell subset.

Targeting the immune system represents an attractive strategy for the new frontiers in colon
cancer treatment. Strategy interfering cancer-promoting inflammation: it has been widely
recognized that the use of anti-inflammatory agents reduces the risk of developing CRC. In
randomized clinical trials, the administration of celecoxib diminished the cumulative adenoma
incidence and the frequency of advanced adenomas, suggesting their efficacy in both polyp
formation and progression. In patients with familial adenomatous polyposis, celecoxib and
sulindac decrease the incidence of colorectal and duodenal polyps. It is unlikely that anti-
inflammatory drugs alone can represent effective monotherapies for CRC patients, but they

www.intechopen.com



Adaptive and Innate Immunity, Non Clonal Players in Colorectal Cancer Progression 333

might find place in combination withchemo- or radio-therapy or in chemoprevention. The
non- selective cyclooxygenase (COX) inhibitor sulindac resulted effective in CRC prevention
and treatment, while aspirin, which reduces CRC risk in a dose- and time-dependent manner,
is mostly considered as chemopreventive agent. However, a more complete understanding of
the mechanisms underlying tumor-promoting/protecting inflammation has identified more
selective targets for intervention. Among non-steroidal anti-inflammatory drugs, specific
COX2 inhibitors, such as celecoxib and rofecoxib, reduced CRC risk and slowed progression of
colorectal adenomatous polyps to carcinomas, interfering with the COX isoform whose
increased activity is specifically associated with CRC pathogens. In the late Nineties and early
2000s, a great deal of expectations arose from COX-2 inhibitors as tools for primary prevention
that were lately banned from clinical practice, due to the burden of cardiovascular side effects.
Highly selective inhibitors of prostaglandin E2 (PGE2) signaling, such as ONO-8711 receptor
antagonists, are expected to reduce the cardiovascular risks associated with COX inhibition
but still prevent CRC 38,59, Recently biologic agents have been introduced in clinical practice in
combination with classical chemotherapy for some subtype of disease, as a form of passive
immunotherapy . In contrast to traditional chemotherapeutic drugs, they target specific
signaling pathways. For example, VEGF inhibition (i.e. bevacizumab) blocks tumor
angiogenesis while the interfering with the EGF receptor signaling (i.e. cetuximab) reduces
survival and growth of cancer cells. Bevacizumab and cetuximab are currently approved in the
metastatic disease treatment ¢1. Additionally, it has recently demonstrated that Bevacizumab-
based therapy is able to increase B- and T-lymphocytes compartments ¢2. It is known that the
expansion of T lymphocytes could imply an amelioration of dendritic cell-presenting capacity.
These effects correlate with a more favorable clinical outcome and could be taken into account
in clinical protocols aimed at combining anti-angiogenetic-therapy with immunotherapy in
metastatic CRC.

Inhibitors of pro-inflammatory cytokines might also be developed to block inflammation. A
number of studies have been conducted using anti-IL6, anti-TNF, anti-IL-1, anti- IL-17, or
anti-IL-23, but, although some of them have already been approved in IBD or autoimmune
disorders (i.e. infliximab, etanercept), there is a lack of clinical trials in oncologic settings.
Similarly, anti-adhesion molecules drugs, currently applied for IBD and rheumatologic
disorders (i.e. the a (4)-integrin subunit inhibitor Natalizumab) could be potential cancer
protective agents, preventing an excessive inflammatory response. A monoclonal antibody
against CD3 (visilizumab), which prevents T-cell activation, had promising preliminary
results in patients with active Crohn disease 1061, 63, In this scenario, colitis associated cancer
represents an ideal model where such drugs can be helpfully tested. Of notice, the
mentioned strategies interfere with the tumor promoting inflammation. In the light of the
dual role of inflammation in CRC, it is important to determine which agents block tumor-
promoting inflammation without reducing antitumor immunity.

Strategy enhancing cancer-protective inflammation: the immune system in cancer patients
can be stimulated by active specific immunotherapy (vaccine) in order to eradicate tumor
cells. Vaccines are expected to be specific for the tumor cells, self sustaining and systemic.
However a successful vaccine strategy should address and overcome the suppressor
response that tumor cells are able to mount 0.

So far, vaccines to treat cancer have been largely investigated with disappointing results in
terms of clinical response. In advanced CRC patients, although some measurable immune
response can be registered, the current trails failed to obtain meaningful improvement in
survivals. Similarly, in adjuvant setting randomized control trials did not show promising
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result; in this setting, only the autologous tumor cell vaccines combined with Bacilles
Calmette-Guerin (BCG) seems to significantly improve patients” survival 6.

Finally, among passive immunotherapies, a novel charming strategy consists in removing
anti-tumor T cells from the body for ex vivo culture, followed by reinfusion (adoptive T cell
transfer)e5. Although the first trial failed mostly due to technical issues, the researcher
remains optimistic that increasing competences will make this strategy a feasible form of
immunotherapy in the future.

4. Open issues

Although the well established role of immune system provides concrete opportunities for
clinical applications, the heterogeneity of results among studies suggest that many issues
need to be solved before moving into clinical practice.

The existing discrepancies in literature may be due to a number of factors such as intra-
tumor distribution of the immune cells and type of subpopulations, type of organ, tumor
genetic background, and the assessment methods employed. Recent studies have reported
that different macrophage phenotypes localized to different regions of the carcinoma have
variable effects on tumor cells 4 6. Furthermore, evidence has shown that the relationship
between TAMs and tumor progression is tumor type-dependent. Nevertheless, since the
tumor microenvironment includes different T-cell sub-populations (Figure 2), which do not
display a homogeneous infiltration of tumor tissues, potential different impact on prognosis
may depend on type of sub-population and peri/intra tumor distribution. Because T cell
infiltration is not spatially homogeneous in CRC, attention has been focused on the
predictive values of T-lymphocytes located in the center of the tumor, along the invasive
margin and in lymphoid aggregate (i.e. tertiary lymphoid structures) mainly detectable in
proximity of the tumor % ¢7. However, the interrelationship between tumor-infiltrating T-
lymphocytes, MSI status, and other tumor molecular features remains to be elucidated. It is
indubitable that to define the prognostic effect of tumor-infiltrating T cells, large studies of
CRC with extensive molecular characterization are needed. Additionally, caution is needed
before incorporating tumor-infiltrating T cells into tumor staging. To minimize the risk of
inappropriate tumor down-staging at diagnosis, survival data need to be confirmed in
independent series of patients studied in the past decade. Moreover, the association has to
be conclusively proven between low densities of tumor-infiltrating T cells and the clinical
detection of metachronous metastases, which remains the most appropriate outcome
measure for recognizing a role of the local immune response in micrometastasis
suppression. Laghi et al. 50 investigated the relationship between the density of CD3* T
infiltrating lymphocytes along the tumor invasive margin, and the occurrence of
metachronous distant-organ metastases after potentially curative resection, in a large,
consecutive series of patients with deeply invading (pT3 or pT4) MSI-typed CRC, and no
evidence of distant organ metastasis at diagnosis. They found that large areas covered by
CD3* cells at the tumor invasive front are associated with a low risk of metachronous
metastasis and consequently a survival advantage, only in patients with node-negative
cancers, but not in patients whose cancers involved lymph nodes. The prognostic advantage
conferred by a high density of CD3* cells was independent of tumor MS-status in patients
with stage II CRC. CD3-immunostaining of CRC tissue might therefore be useful for
selecting stage II patients who, because they are at very low risk for cancer progression,
could be spared adjuvant treatments. The usefulness in the clinical scenario of T-cell density
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in patients with more advanced disease, who are subject to chemotherapy remains to be
assessed. With respect to this, the relationship between T-cells and current chemotherapy
regimens for CRC should be also explored, a field in which very few data are currently
available.

CD3:
*T-cells

CD45RO:
*Activated T-cells

CDS:
*Cytotoxic CTL T-cells

CD4:
*Helper Th1-Th2 cells
*Regulatory Treg cells

FoxP3:
*Constitutive in Regulatory Treg cells
*Helper Thl1-Th2 cells

Fig. 2. Adaptive immunity: different Clusters of Differentiation (CD) are expressed by
subsets of T-lymphocytes

It is clear that as tumors are heterogeneous cell populations that show distinctive genetic
and epigenetic profiles, there may not be a single biomarker that will prove sufficient
information for predicting treatment response and patient outcome. However, it remains to
be solved, several critical issues related to the heterogeneity and complexity between the
actual studies, in terms of sample size; study setting; disease stage; the presence versus
absence of treatment data; and treatment modality (no therapy to chemotherapy, radiation
therapy, or both) 8. Laboratory methods to assess immune response (tissue microarray versus
whole tissue; objective image analysis versus subjective pathologist qualitative or semi-
quantitative interpretation); immunophenotyping markers; covariates and potential
confounders assessed (in particular the presence versus absence of tumor molecular
characteristics); and statistical method and multivariate analysis models all represent issues
to take in account when comparing results from different laboratories. It is clear that to
standardize research methods and appropriately evaluate evidence, we need to develop
general and specific consensus on immune-cell evaluation in oncology research.

In conclusion, it can be stressed that the standardized analysis of the type, quantity, location
and the functions of the immune infiltrate becomes a primary step in understanding CRC
natural history, and, in a clinical perspective, its prognostic determinants. A comprehensive
analysis of all components of the lymphocytic infiltrates in the context of their localization,
organization and impact at various steps of tumor progression remains largely, if not
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entirely, to be reported to prospective studies. In parallel, understanding the mechanisms of
efficient immune reactions, the place where they are initiated, the cells and key cytokines
and chemokines involved, and their impact at different stages of the disease should provide
new tools and goals for more effective and less toxic targeted therapies.
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