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a  b  s  t  r  a  c  t

It is believed  that  chronic  inflammation  as  seen  in  patients  with  ulcerative  colitis  significantly  increases
the  colorectal  cancer  (CRC)  risk and functions  as the  main  driving  force for  the  development  of colitis
associated  CRC.  Recently,  increasing  evidences  suggest  that  inflammation  is  also  involved  in the  process-
ing of  sporadic  CRCs  that  mostly  develop  from  the  preformed  adenomas  through  a long-term  progression.
Within  the  adenoma/CRC  tumor  microenvironment,  high  dense  immunocytes  with  significant  pheno-
typic  and  functional  changes  have  been  observed.  These  cells  might  produce  high  level  of inflammatory
mediators  and  then  affect  the  adenoma-cancer  transition.  In this  review,  we  summarize  the  update  on
altered  phenotypes  and  inflammatory  mediators  within  the  tumor  microenvironment  from  the  adenoma-
tous stage  to the  cancerous  stage,  and  discuss  the  significance  of inflammatory  mediators  as biomarkers
in  predicating  the  progression  from  the  premalignant  adenoma  lesion  to the  sporadic  CRC  lesion  and  the
potential  as therapeutic  targets.
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1. Background

The role of chronic inflammation in the development of colorec-
tal cancer (CRC) has been recognized. It is believed that chronic
inflammation as seen in patients with ulcerative colitis (UC) sig-
nificantly increases the CRC risk and functions as the main driving
force for the development of colitis associated CRC (CAC). How-
ever, CAC only accounts for ∼15% CRCs, most sporadic CRCs
are processed from the preexisted adenomas and named as the
adenoma-carcinoma sequence (Fearon and Vogelstein, 1990). The
appearing time of inflammation in the course of CAC development
is different to that in the course of sporadic CRC development. In
CAC, inflammation is already existed in colitis tissues before the
formation of CAC, inflammation results in the strong activation of
diverse immunocytes like T lymphocytes, macrophages and mast
cells and produce masse inflammatory mediators to be involved
in the formation of premalignant lesion; whereas most peoples
believe that inflammation and the activation of immunocytes in
sporadic CRC usually appear after the formation of premalignant
stage (adenomas) and become more seriously when CRC developed
(Rhodes and Campbell, 2002).

Recently, increasing evidences suggest that inflammation is also
involved in the processing of sporadic neoplastic lesions from the
adenomatous stage to the CRC stage. The formation of a sporadic
CRC appears to be through a long-term premalignant adenoma-
tous stage, in which multistep genetic and molecular changes are
accompanied with the progression of histological features (Fearon
and Vogelstein, 1990). The primary genetic mutation is occurred
in Adenomatous polyposis coli (APC) gene that is the critical event
in premalignant lesion (adenoma) formation, while Kras activation
and p53 mutations are important subsequent genetic events dur-
ing the transition from a premalignant adenoma to a CRC (Fearon
and Vogelstein, 1990). The emerging evidence has also revealed
that genetic alterations will certainly induce a strong inflammatory
response (Abdullah et al., 2013; Chung and Chang, 2003; Galamb
et al., 2008; Gunter et al., 2006; Heijmans et al., 2012). Within
the tumor microenvironment, dense infiltrating immunocytes are
found in the adenomatous/cancerous tissues and increased expres-
sion level of inflammatory mediators i.e., cytokines is shown in all
stages of the adenoma-carcinoma sequence (Abdullah et al., 2013;
Chung and Chang, 2003; Galamb et al., 2008; Gunter et al., 2006;
Heijmans et al., 2012). For example, macrophage is one of common
immunocytes that produces many important pro-inflammatory
cytokines and involved in the pathogenesis of tumor initiation, pro-
gression and metastasis (Lewis and Pollard, 2006; Galdiero et al.,
2013; Porta et al., 2009). The density of macrophages present in
the pretumor/tumor tissue is significantly increased (Lewis and
Pollard, 2006). In addition, the function of macrophages in the
tumor inflammatory microenvironment is altered from an anti-
tumor (M1) to a pro-tumor (M2) character; those macrophages
are named as tumor associated macrophages (TAMs) (Edin et al.,
2012) and increased density of TAM infiltrated in the adenoma-
tous/cancerous tissues is the important histological feature (Banner

et al., 1993a,b). CRC cells can secrete many factors to educate the
macrophage phenotypes from M1  to M2  (Edin et al., 2013), and then
M2 TAMs produce masse pro-inflammatory mediators and pro-
tumor factors to affect the adenoma-cancer transition (Adegboyega
et al., 2004; Nakanishi et al., 2011).

In view of the importance of immunocytes and inflammatory
mediators in the establishment of sporadic CRC, we  have previously
reviewed the altered inflammatory micrenvironmental compo-
nents along the adenoma – carcinoma sequence (Cui et al., 2012a,b).
Recent progression in this research field is very fast and a lot of
new findings have been reported. Here, we review certain update
data, with an emphasis on the phenotypic and functional changes
of immunocytic subsets within the adenomatous/cancerous tumor
microenvironment, and discuss the significance of inflammatory
mediators as biomarkers in predicating the progression of adenoma
to CRC and the potential as biotherapeutic target in the prophylaxis
of sporadic CRCs.

2. Significant phenotypic changes of immunocytes within
the tumor microenvironment from human adenomatous
stage to CRC stage

2.1. Phenotypic features of T lymphocytic subtypes in tumor
tissues

The existence and importance of immunocytes in colitis asso-
ciated CRC have been well characterized. Recently, the role
of immunocytes in the development of sporadic CRC has also
attracted much attention (Banner et al., 1993a,b; Cui et al.,
2009a,b; Funada et al., 2003; Forssell et al., 2007; Nagorsen et al.,
2007). Accumulating evidence has suggested that the appear-
ance of inflammation in the formation of sporadic CRC starts
from the early adenomatous stage and throughout the whole
adenoma-carcinoma sequence. Phonotypical studies have revealed
that cellular inflammatory microenvironment is composited by a
variety of inflammation-related immunocytes i.e., lymphocytes,
macrophages, dendritic cells and mast cells (Funada et al., 2003;
Deschoolmeester et al., 2010; Bateman et al., 1995). These cells
produce high level of inflammatory mediators and interact with
premalignant/malignant epithelial cells and stromal cells in a com-
plex manner to regulate the processing of tumor cell growth and
tumor evoked inflammation (Banner et al., 1993a,b; Cui et al.,
2009a,b; Funada et al., 2003; Forssell et al., 2007; Nagorsen et al.,
2007).

T lymphocyte is one the most important immunocytes, and high
density of T lymphocytes has been frequently observed in the tumor
tissues. Regarding the infiltration pattern of T lymphocytes in the
adenomatous tissues, ours and others results have revealed that
T lymphocytes are observed in both the tumor stroma and ade-
nomatous epithelium (Banner et al., 1993a,b; Cui et al., 2009a,b).
In the adenoma tumor stroma, T lymphocytes are located at the
subepithelial area and have a close anatomic contacting with the
adenomatous epithelium (Cui et al., 2009a,b). Some of T lympho-
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