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Abstract
The potential clinical impact of enhancing antitumor 
immunity is increasingly recognized in oncology thera-
peutics for solid tumors. Colorectal cancer is one of the 
most studied neoplasms for the tumor-host immunity 
relationship. Although immune cell populations in-
volved in such a relationship and their prognostic role in 
colorectal cancer development have clearly been identi-
fied, still no approved therapies based on host immunity 
intensification have so far been introduced in clinical 
practice. Moreover, a recognized risk in enhancing im-
mune reaction for colitis-associated colorectal cancer 
development has limited the emphasis of this approach. 
The aim of the present review is to discuss immune 
components involved in the host immune reaction 
against colorectal cancer and analyze the fine balance 
between pro-tumoral and anti-tumoral effect of immu-
nity in this model of disease.
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Core tip: Immune reactions accompany all stages of 
colorectal carcinogenesis and cancer progression. Re-
cent evidence has shown that innate immunity path-
ways play a fundamental role in maintaining colorectal 
epithelial homeostasis and confer antitumor protection. 
However an excessive and unresolved innate immune 
reaction is the base of chronic colitis which is a well-
known risk factor for colorectal cancer. Once the tumor 
has developed a number of immune cells may either 
favorably take under control its growth (CD45RO+CD8+ 
T cells) or favor its progression and metastatic spread (T 
regulatory cells). A fine regulation of all antitumor im-
mune components is therefore necessary to design a 
proper immune-based therapeutic approach in colorec-
tal cancer care and prevention.
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INTRODUCTION
Colorectal cancer is the third leading cause of  cancer death 
worldwide and it is estimated that 190000 new cases of  
and 35000 deaths from colorectal cancer will be recorded 
in 2014 in the United States[1]. It is now accepted that the 
original carcinogenetic event hits the stem cells lying at 
the base of  the intestinal crypts[2], and in many cases a 
developing process from epithelial hyperplasia, through 
dysplasia and adenomatous polyposis, to malignant 
transformation occurs, with accumulating gene muta-
tions underlying this phenomenon[3-5].

There is an interesting debate among several scientists 
and clinicians on the dual role of  immune/inflamma-
tory response in colon carcinogenesis[6]. A considerable 
amount of  preclinical and clinical findings have showed 
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that mucosal immune/inflammatory cells can either pro-
mote or inhibit colorectal cancer (CRC) cell growth.

According to the association with inflammatory pro-
cesses, two types of  CRC are recognized: Sporadic CRC 
(SCRC) that is thought to arise from intrinsic genetic insta-
bility with inflammation being subsequent to cancer onset, 
and inflammation-induced CRC (colitis-associated CRC, 
or CAC) that is initiated by chronic inflammatory bowel 
disease (IBD). Two major forms of  IBD occur in humans, 
ulcerative colitis (UC) and Chron’s disease (CD), and both 
of  them may associate with CRC development, with CD/
CRC correlation being moderate, whereas UC patients 
have a well-defined elevated risk of  cancer diagnosis[7,8]. 
The extension and duration of  the chronic inflammation 
correlate with the entity of  cancer risk, however, it is not 
fully understood why CRC occurs only in a minority of  
IBD patients.

Like most solid tumors, both SCRC and CAC exhibit 
immune/inflammatory infiltrates, referred to as ‘tumor-
elicited inflammation/immunity’, and a differential effect 
on patient outcome has been observed for distinct im-
mune ‘players’. As an example, CD4(+) T-helper 1 (T(H)1) 
cells and CD8(+) cytotoxic T cells seem to constitute a 
positive prognostic sign in CRC, whilst it has been shown 
that myeloid cells, T regulatory cells (Tregs) and T-helper 
interleukin (IL)-17-producing (T(H)17) cells can promote 
tumorigenesis and associate with a drastic decrease in 
disease-free survival in stage Ⅰ/Ⅱ CRC[9].

Finally many epithelial cancers develop proximally to 
microbial communities, which are physically separated 
from immune cells by an epithelial barrier. Baseline im-
mune response to these commensals and perhaps the epithe-
lial barrier deterioration induced by the tumor tissue with 
invasion of  microbial products may substantially contrib-
ute to the extent and nature of  the inflammatory/immune 
response seen in CRC[10].

It is conceivable that the type, degree and timing of  
inflammatory/immune infiltrates and related cytokines 
can have a pivotal role in the initiation and progression 
of  colon carcinogenesis, response to standard antitumor 
therapy and patient clinical outcome.

In the present review, we describe recent findings on 
the link between inflammation/immunity and CRC and 
summarize the role of  different tumor-infiltrating innate 
and adaptive immune cells in promoting, sustaining or 
restraining CRC growth.

IMMUNITY AND CRC DEVELOPMENT
Bacterial-induced immunity and risk of developing 
colorectal cancer
A great amount of  research has dealt with the possibility 
that intestinal infection by “carcinogenic” bacteria might 
be linked to colorectal cancer development, with the as-
sumption that pro-tumoral effect of  infective processes 
is associated with a persistent and unresolved inflamma-
tory reaction triggered by certain microorganisms.

In presence of  a colorectal cancer, it has been shown 

a growth advantage to a particular subset of  opportunis-
tic bacteria colonizing the intestine. In particular, the op-
portunistic pathogens Streptococcus spp have been put 
forward as co-causative tumor factor.

In the 1950s, reports were published indicating a pos-
sible association between streptococcal infection and car-
cinomas of  the gastrointestinal tract[11]. Boleij et al[12] have 
recently reviewed 31 studies documenting overall a 65% 
probability of  colorectal neoplasia in patients with Strepto-
coccus Bovis infection. Not all streptococcus bacteria seem 
to have the same carcinogenic potential and only a sub-
specie of  Streptococcus Bovis, the Streptoccucus gallolyticus gal-
lolyticus, has been found to be strongly related to colorectal 
cancer[13].

The suggested pathogenetic model relies on the pref-
erential colonization by S Gallotycus of  preneoplastic ade-
nomatous lesions as a result of  favourable metabolic and 
nutritional changes occurring in the dysplastic epithelium 
microenvironment (in particular high concentrations of  
lactate and carbohydrates)[14]. Once S Gallolyticus infec-
tion of  adenomatous sites is established, the bacterium 
induces an inflammatory reaction consisting of  hyperex-
pression of  (COX-2) pathway[15,16].

COX-2 determines sustained epithelial cell prolifera-
tion and inhibition of  apoptosis and triggers neoangio-
genesis[17]. High COX-2 levels have been detected in ap-
proximately 85% of  colon carcinomas[18], and consistent 
evidence suggests a protective role for anti-COX drugs (i.e., 
non-steroidal anti-inflammatory drugs, such as aspirin) 
against colorectal cancer development and progression[19].

The use of  microbiological tests for streptococcal in-
fection in human samples (e.g., fecal or peripheral blood 
serological tests) has raised interest as a potential tool 
of  early CRC detection. However, early attempt to diag-
nose colorectal neoplasia on the basis of  Streptococcal 
colonization have proven of  limited value. In particular, 
it is estimated that only half  of  colorectal neoplasia are 
colonized by S gallolyticus, moreover current serological 
assays exploit immune recognition of  antigens expressed 
on S gallollyticus pilus, which are characterized by a wide 
sequence heterogeneity[20]. Results of  serological testing 
for S gallolyticus with the multi-antigen approach pro-
duced sensitivity results between 16% and 43%[21].

The association between bacterial infection and CRC 
development was also studied in the context of  chronic 
inflammation in patients with IBDs. Several commensals, 
such as Fusobacterium varium, Bacteroides vulgatus, 
Escherichia coli, Helicobacter Hepaticus and Clostridium 
Clostridioforme, are commonly isolated from the mucosa 
of  IBD. It has been demonstrated that these bacteria can 
adhere to colonic epithelial cells and invade their cyto-
plasms, resulting in the release of  tumor necrosis factor 
(TNF)-α, IL-8 and IL-6. All such cytokines may predis-
pose to IBDs and CRC[22].

In particular, recent findings in mouse model of  CAC 
have indicated that H. hepaticus and E.Coli promote 
chronic colitis and tumorigenesis with E. Coli inducing 
also the expansion of  pathogenic viruses, fungi and para-
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sites with genotoxic capabilities[23,24].
Overall these results indicate that colonisation of  certain 

microorganisms in the background of  predisposing factors 
contribute to CRC carcinogenesis. Their main effect seems 
to rely on fuelling protracted inflammatory reaction which 
is a well-known cause of  cancer development, rather than 
a direct mutagenic attack of  the host.

Innate immunity pathways and CRC development
Innate immunity is the first-line defence against microbial 
attack on intestinal surface. Microbes are initially recog-
nized by means of  surface and intracellular receptors that 
link to conserved molecular patterns of  microbial origin, 
the so called pattern recognition receptors (PRRs). Sev-
eral types of  PRRs have so far been identified in humans, 
but two classes of  PRRs seem to play a major role in 
intestinal innate immunity: the cytoplasmic NOD (nucle-
otide-binding and oligomerization domain) and NOD-
like receptors (NLRs) and the membrane-bound toll-like 
receptors (TLRs)[25,26].

PRRs function on both epithelial and stromal myeloid 
cells, and excessive and uncontrolled PRRs activation by 
commensal and pathogen bacteria has long been consid-
ered the base of  permanent inflammation in IBDs and 
CAC[27]. CAC approximately accounts for 2%[28] of  all 
diagnosed CRCs, whereas sporadic cancers (SCRC) cover 
about 95% of  cases. Even though SCRCs are thought to 
progress through a carcinogenetic process different from 
that of  CAC, that is distinctive multiple step genetic loss, 
involving initial mutation of  APC and activation of  beta-
catenin and subsequent mutations of  K-Ras, PIK3CA 
and TP53[29], some of  SCRCs may hold an ‘inflammatory 
gene signature’ reminiscent of  CAC genetic landscape.

Three remarkable researches have explored the role 
of  PRRs in CAC development using a murine model of  
chemical induced colitis with dextran sulfate sodium, DSS, 
which recapitulates human IBDs, and of  CAC induced 
with DSS and the addition of  azoxymethane (AOM). 
These researches have called into question the univocal 
protumoral role of  innate immunity as innate immunity 
pathways are active both in inflammatory cells of  the lam-
ina propria (macrophages, dendritic cells and neutrophils) 
and in epithelial cells and in the epithelial tissue they seem 
to favourably contribute to cell homeostasis and protect 
against colitis and CAC.

These studies were focused on the transmembrane 
receptors TLR-4 (recognizing lipopolysaccharide, LPS, 
of  gram negative bacteria) and TLR-2 (recognizing lipo-
teichoic acid, LTA, of  gram positive bacteria) and their 
related intracellular signal transducer Myeloid Differen-
tiation 88 (MyD88), on the NOD1 and NOD2 receptors 
and their mediator Receptor-interacting protein 2 (RIP2), 
and on the NLR-P3 and its final molecular effectors cas-
pase 1 and 12.

TLR-2/TLR-4/MYD88 axis: Rakoff-Nahoum et al[30] 
explored in 2004 the susceptibility to DSS-induced coli-
tis of  mice knockout for TLR4, TLR2 and MyD88, and 

for RIP2. They found that TLRs on Intestinal Epithelial 
Cells (IECs) are normally activated by commensal mi-
croorganisms and this symbiotic recognition is required 
for epithelial physiology. The initial hypothesis was that 
deficiency in TLRs pathway would determine attenuated 
inflammatory response and hence reduced colitis.

They unexpectedly observed in MyD88-/- mice se-
vere colitis and increased mortality upon DSS adminis-
tration, as compared to wild type (WT) mice, suggesting 
a protective role of  MyD88-dependent axes. MyD88 is 
an essential mediator for many molecular cascades in-
cluding those activated by TLRs, and receptors for IL-1 
and IL-18. Authors decided to further explore the role 
of  TLR2 and TLR4.

TLR2-/- or TLR4-/- partly reproduced MyD88-/- 
susceptibility to DSS colitis, with less severe clinical ef-
fects, thus inducing authors to conclude that MyD88 
protective action was the result of  influence on multiple 
molecular pathways including TLR4 and TLR2. They also 
investigated MyD88-independent inflammatory axes, in 
particular those dependent on the receptor-interacting 
protein (RIP)2, a mediator of  cytoplasmic PRRs (the 
NOD1 and NOD2 receptors) which ultimately deter-
mines activation of  the NF-κB transcriptional factor and 
MAP kinases, but found no increased susceptibility to 
DSS in RIP2-/- mice.

DSS induced limited damage in colon of  WT mice 
that started from day 5 and resolved by day 12 with 
complete epithelial regeneration in 100% of  cases. In the 
MyD88-/- mice, epithelial ulcers and erosions occurred 
as early as day 3, were more severe and persisted after 
day 12 with lethal effect, suggesting a role of  MyD88 
in regulating both epithelial resistance to injury initia-
tion and post-injury epithelial repair. An uncontrolled 
bacterial overgrowth as the cause of  severe DSS-colitis in 
MyD88 -/- mice was excluded as treatment with broad-
spectrum antibiotics did not change the experimental 
results and, before DSS administration, there was no dif-
ference in faecal bacterial load between WT and MyD88 
-/- mice. In an assay of  intraperitoneal injection of  Bro-
mo deoxyuridine, more proliferating intestinal epithelial 
cells (IECs) were found in MyD88 -/- mice at baseline, 
but in the meantime, after DSS administration and in-
jury, a defect in IEC proliferation and crypt repopulation 
was observed as compared to WT, indicating that a base-
line hyperproliferative state may partly explain increased 
susceptibility to injury, but a reduced reparative capacity 
may account for the prolonged and lethal effect of  DSS 
in these mice. MyD88 intervenes in the functioning of  
multiple molecular pathways and authors did not evalu-
ate if  the dual and opposite effect of  MyD88 in cell cy-
cle control derives from two distinct MyD88-dependent 
molecular signals.

Authors also explored MyD88-induced cytokines po-
tentially responsible for epithelial resistance and regenera-
tion, and in particular focused on IL-6, which had been 
found to contribute to gastrointestinal wound healing[31]. 
TLR/MyD88 axis regulates gene expression (including 
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IL-6) via NF-κB transcriptional factor[32] and IL-6 was 
upregulated in WT mice (IL-6 flare) after DSS injury. 
Conversely, IL-6 upregulation was not seen in MyD88 
deficient mice after DSS. Moreover, since antibiotic treat-
ment abrogated baseline IL-6 production in WT mice, 
they argued that commensal flora determines physiologi-
cal activation of  MyD88 signal with induced IL-6 secre-
tion, indispensable for epithelial regeneration after DSS 
injury.

IL-6 flare after DSS administration in WT mice, in 
fact, was abrogated by intense treatment with four anti-
biotics which sterilized from all commensal microflora, 
making these mice similar to MyD88-/- in that they dis-
played severe colitis and died after 12 d (Figure 1). How-
ever, Rakoff-Nahoum et al[30] did not investigate whether 
exogenous IL-6 administration was able to restore epithe-
lial competence against DSS insult in this model. More-
over, it was not evaluated the cell type source of  MyD88-
induced IL-6. Stromal macrophages would be the most 
probable IL-6 suppliers, however also epithelial cells may 
express TLRs, MyD88 and IL-6 as suggested by a baseline 
IL-6 production in WT mice with intact epithelium.

Finally, the crucial interaction between MyD88 and 
TLR4 and TLR2 receptors was investigated in the Rakoff-
Nahoum study. Experiments with TLR4-/- and TLR2-/- 
mice and with the specific agonists LPS for TLR4 and 
LTA for TLR2 were performed. They found that resis-
tance to DSS-colitis was restored in mice completely-
depleted by commensals if  either LPS or LTA was co-
administered. Specificity of  these findings was confirmed 

by the fact that the rescue administration of  LPS was 
ineffective in TLR4-/- and effective in TLR2-/-. This 
final finding suggests that one of  the two axes (TLR4 
or TLR2) is sufficient to maintain homeostasis, which 
is slightly in contrast with their initial observation that 
knockout mice for either TLR4 or TLR2 still suffer from 
severe DSS-induced colitis. Rakoff-Nahoum et al[30], more-
over, did not evaluate if  MyD88-/- model was also associ-
ated with increased tumorigenesis upon administration of  
DSS+AOM, however they affirmed that any component 
contributing to persistent inflammation would also po-
tentially associate with high risk of  cancer development. 
Rakoff-Nahoum’s results were reproduced in 2005 in a 
separate study by Araki et al[33].

NLRS/caspase 1/caspase 12/IL-18 axis: Dupaul-
Chicoine et al[34] evaluated the role of  caspase 1 and 12 on 
the risk of  colitis and CAC. The molecular cascade termi-
nating with caspase-1 inflammasome is a well-established 
pathway activated during colorectal inflammation both 
in mesenchymal and epithelial cells. Caspase-1 is the 
downstream target of  a number of  intracellular recep-
tors sensing a potential harm,and in particular for NLRs, 
including those containing the pyrin domain (NLRPs), 
those containing caspase recruitment domain - 4 (NLRC4) 
and those inhibiting apoptosis. Caspase-1 ultimately de-
termines the proteolytic cleavage of  pro-IL1beta and pro-
IL-18 in their respective active forms and induces an ‘in-
flammatory cell death’ named pyroptosis[35]. Caspase-1 is 
counterbalanced by caspase-12 which possesses inhibitory 

12410 September 21, 2014|Volume 20|Issue 35|WJG|www.wjgnet.com

Commensal 
bacteria Maintenance of epithelial homeostasis

IL-6

TLR4
TLR2

MyD88

Stroma

IECs

Commensal 
bacteria

TLR4
TLR2

MyD88

Stroma

Increased epithelial 
vulnerability/bacterial 
translocation

Chronic colitis 
and CAC

A

B

Figure 1  Model proposed by Rakoff-Nahoum et al[30]. Competent TLR4/TLR2/Myd88 pathway is physiologically activated by commensal micro-organisms and 
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function on inflammasome activity.
At the end of  this inflammatory cascade, IL-18 seems 

to play the more ‘articulated’ and complex role, with ap-
parently contradictory evidence. Increased circulating 
and mucosal levels of  IL-18 are associated with severe 
IBD[36]. Moreover in a study by Sivakumar et al[37] using 
the mouse model of  DSS-induced colitis, a selective 
IL-18 inhibitor (the IL-18 binding protein IL-18bp.Fc) 
was able to reduce IBD manifestations (such as weight 
loss) and down-regulate many cytokine transcripts 
known to drive inflammation, including IL-1alpha, IL-
1beta, TNF-alpha and IFN-gamma. In contrast to these 
observations, in humans genetic variants associated with 
reduced functionality of  IL-18 axis are risk factors for 
IBD[38].

It is hypothesized that IL-18 plays a dual role: it main-
tains intestinal epithelial homeostasis by inducing epithe-
lial cell regeneration and wound healing upon commensal 
microbial attacks under physiological conditions; while 
in pathological conditions, when the epithelial barrier is 
breached and chemical or microbiological colitis is initi-
ated, it sustains the excessive inflammatory reaction within 
the stroma with increased risk for CAC[39].

Dupaul-Chicoine et al[34] analysed three genotypes of  
mouse (WT, caspase 1 -/- and caspase 12 -/-) and assessed 
their ability to repair colon tissue damage induced by DSS 
administration. As caspase 1 drives inflammasome forma-
tion and robust inflammatory responses, authors would 
have expected an attenuated colitis in Casp1-/- mice after 
DSS insult. Surprisingly, they found that caspase 1 has 
a crucial role in epithelial proliferation and regeneration 
after injury and, while on day 5 of  DSS administration 
mice of  all genotypes displayed epithelial erosion, by day 8, 
only WT mice had epithelial recovery and restitution, con-
versely casp1-/- displayed persistent signs of  colitis, de-
veloped severe diarrhoea and rectal bleeding and all died 
by day 9. Interestingly, as well as wt mice, also Casp 12-/- 
recovered by day 9. However casp12-/- mice showed ex-
aggerated tissue repair with hyperplastic crypts at the end 
of  the experiment, suggesting a possible role for caspase 
12 as a brake for excessive tissue regeneration acting at 
the end of  the injury and repair process. In Casp1-/- mice 
there was also at day 5 an enhanced infiltration of  inflam-
matory cells (macrophage, CD4+ cells and neutrophils) in 
the lamina propria, and increased translocation of  com-
mensal bacteria in the colonic stroma as measured by a 
16S rRNA qPCR assay. The NF-κB pathway, as measured 
by the total colonic expression of  its target gene IkBa, was 
also hyperactivated. Exogenous administration of  IL-18, 
a final product of  caspase 1 activity, completely reversed 
the Casp1-/- mice susceptibility to DSS-colitis, suggesting 
that IL-18 is the pivotal mediator of  caspase-1 dependent 
epithelial regeneration. IECs seemed the principal source 
of  ‘reparative’ IL-18, as adoptive transfer of  wild type my-
eloid cells (normally secreting IL-18) to casp1-/- mice did 
not reverse DSS-induced colitis as did IL-18 exogenous 
administration. Moreover, protein expression analysis of  
different cellular compartments in wild type mice (IECs, 

macrophages, dendritic cells, and lymphocytes) demon-
strated the highest IL-18 production by IECs after 5 d of  
DSS administration.

An interesting “disease profile” was seen in casp12-/- 
mice. Even if  the recovery, as mentioned above, was 
‘clinically’ the same as WT mice, stromal inflammation 
on day 5 to 8 was enhanced with robust macrophage 
infiltration and increased expression of  several NF-κB 
gene targets and inflammatory cytokines (COX2, Bcl-xl, 
cyclin D1, IL-1, IL-6, TNFa, MCP-1, Il11, ccl7 and TN-
Fa-induced protein 2), thus confirming a role of  caspase 
12 in limiting stromal inflammation. Moreover, cap12-/- 
mice were more susceptible than WT mice to colitis in-
duced by chronic low doses of  DSS, which is driven by a 
sustained inflammation in the lamina propria rather than 
by a direct epithelial injury.

Both Caspase 1 and caspase 12 deficiency also rendered 
the mice more prone to tumorigenesis in the DSS+AOM 
model, suggesting how crucial the uncontrolled chronic 
inflammation is for colorectal carcinogenesis.

Even though the findings were reminiscent of  Ra-
koff-Nahoum model, authors did not investigate possible 
connections between TLR/MyD88 and caspase 1/IL-18 
signals. TLR4, apart from NF-κB, can activate caspase 
1 via the intracellular mediator TRIF[40], and MyD88, as 
mentioned, regulates also the IL-18 receptor signal. In-
teraction between MyD88 and caspase 1 activity has been 
reported by other authors[41]. Moreover, experimental 
manipulations applied were not consistent across the two 
studies. For example, the contribution of  commensal 
flora to caspase-1/IL-18 driven repair was not assessed as 
no test with antibiotics was performed.

IL-18/IL-18R/MYD88 axis: The third key research 
was published by Salcedo et al[42]. They assessed whether 
MyD88 deficiency was also associated with increased tu-
morigenesis by maintaining alive with hydration MyD88-/- 
mice after the DSS course, and then administering AOM 
to recapitulate the pathogenesis of  CAC. Authors con-
firmed a much higher mean number of  colonic polyps in 
Myd88 -/- than in WT mice at day 60 after AOM chal-
lenge, thus suggesting that the pro-inflammatory state of  
these mice enhances also the tumorigenic effect of  AOM.

It was shown, however, by labelling test for Ki67, that 
epithelial proliferation and regeneration were impeded 
in Myd88-/- mice, a feature that is difficult to reconcile 
with the increased susceptibility to the development of  
polyps after AOM/DSS treatment. To clarify this aspect, 
authors performed a gene expression profiling of  the 
total colons of  AOM/DSS-treated Myd88-/- and WT 
mice and looked at the expression of  cell proliferation-
associated genes. They found that genes of  the epidermal 
growth factor receptor, Met, and beta-catenin pathways 
were preferentially induced in Myd88-/- mice after 
AOM/DSS administration, indicating that compensa-
tory mechanisms are apparently activated in the abortive 
attempt to maintain the integrity of  the colonic mucosa. 
Such an ‘abortive attempt’ would therefore fail in repair-
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ing the tissue while rendering the mice more sensitive to 
the tumorigenic action of  AOM. Moreover a decreased 
expression of  mismatch DNA repair genes was also ob-
served, which correlated with a higher frequency of  beta-
catenin mutations and colon adenocarcinomas formation 
after a prolonged period of  observation. In parallel IL-18 
-/- and IL-18 receptor (IL-18R) -/- mice were also inves-
tigated, observing a similar phenotype, although attenu-
ated, to MyD88-/-. Moreover, similar gene expression 
profiles were seen for IL-18-/- and IL-18R-/- mice. The 
precise connection between MyD88 and IL-18 was still 
not investigated, and Salcedo et al[42] concluded that the 
more probable explanation of  such an interplay would 
rely on the permissive role of  MyD88 upon IL-18R 
activation, which allows for epithelial regeneration. As 
mentioned above, a possible MyD88-dependent produc-
tion of  IL-18 cannot be excluded[43]. Moreover, it was not 
clarified whether this MyD88/IL-18 circuit that implies 
self-regulation of  epithelial cell growth is completely 
‘epithelium confined’ (autocrine loop) or involvement of  
stromal components is required. Experienced research-
ers argue that an involvement of  stromal macrophages 
is necessary in the reparative process, so that IL-18 is 
released by IECs upon injury and activates underlying 
IL18-R-expressing macrophages which in turn produce 
epithelial growth factors targeting IECs for the regenera-
tive task[44]. Nonetheless, a completely autocrine circuit 
cannot be excluded since IECs express IL-18R[45], and it 
has been demonstrated that stromal infiltration by my-
eloid cells does not influence the DSS-induced colitis in 
the casp1-/- model.

Overall these three studies highlight the dual role of  
innate immunity. The baseline natural immune response 
to commensal microbes is mainly epithelium-confined, is 
necessary to protect against inflammation and cancer not 
only for its bactericidal effect but also for a fine regula-
tion of  epithelial cell cycle, and alteration with antibiotics 
of  the intestinal ecology is a cancer predisposing factor. 
On the other hand, the same innate immunity pathways 
are responsible for cancer development in chronic coli-
tis thorough maintenance of  an “inflammatory vicious 
circle” which is mainly stromal-based.

Role of ‘inflammatory brakes’ in carcinogenesis
Apart from caspase 12, the “inflammatory brake” inves-
tigated in the study by Dupaul-Chicoine et al[34] other two 
studies have explored molecules known for dampening 
the inflammatory response.

SIGIRR: In a genetic engineered mouse model by Xiao 
et al[46] the effect of  the inhibitory SIGIRR (Single im-
munoglobulin IL-1-related receptor) molecule was in-
vestigated for relation to colitis and CAC. SIGIRR is an 
intracellular inhibitor of  the TLRs pathway, yet SIGIRR 
-/- mice have an higher susceptibility to DSS similar 
to TLR4 and TLR2 -/- mice, suggesting that SIGIRR 
deficiency may contribute to enhanced DSS-colitis with 
a mechanism different from the impaired epithelial ho-

meostasis seen for TLR4-/-, TLR2-/- and MyD88-/- 
models.

It was suggested that epithelial SIGIRR functions as reg-
ulator of  normal immune response to commensal microbes 
and when absent an excessive inflammatory response to 
normally colonizing bacteria occurs thus determining epi-
thelial disruption and increased severity of  DSS-induced 
colitis and AOM+DSS tumorigenesis.

However SIGIRR is also an inhibitor of  IL-18/IL-18R 
axis[47], which has been demonstrated pivotal in epithelial 
regeneration. On that respect SIGIRR -/- mice should 
be more protected from, rather than susceptible to, DSS 
insult, but this was not the case of  Xiao’s model. Effect of  
SIGIRR deficiency on IL-18 function was not investigated 
by Xiao et al[46].

NLRP6: The second investigated ‘inflammatory brake’ 
was a member of  NLR family containing a pyrin domain, 
the NLRP6. Some NRLs (e.g., NOD1 and NOD2) in-
duce anti-microbial cytokines expression via NF-κB and 
MAPK signalling, whereas others (e.g., NLRP1, NLRP3 
and NLRC4) trigger inflammatory caspases and forma-
tion of  inflammasome protein complexes[48]. NLRP6 
has only recently been characterized and seems to down-
regulate inflammatory response in the intestinum[49] thus 
preventing chronic colitis and subsequent tumorigenesis.

In a recent research by Normand et al[50], a mouse model 
of  genetic NLRP6 deficiency (nlrp6 -/-) was used to dem-
onstrate that this receptor is mainly expressed by fibroblast 
within the colonic mucosa and its absence is associated 
with enhanced and prolonged inflammatory reaction fol-
lowing DSS administration for 7 d. Mice had also worse 
surrogate-markers of  colitis as compared to WT animals, 
such as weight loss, rectal bleeding and diarrhoea. More-
over NLRP6 deficiency was also associated to superior 
tumorigenesis in the DSS + AOM experiment.

Overall, these studies exploring knockout models for 
‘brakes’ of  inflammation confirm that all molecular com-
ponents (negative or positive regulators) are fundamental 
for the fine epithelial homeostasis and cancer prevention. 
Altering in any direction pro-inflammatory and/or anti-
inflammatory mediators leads to the same pro-colitic/
pro-cancerogenic effect.

IL-23/IL-17 and colorectal cancer
The IL-23/T helper 17 cells (Th17) pathway is recog-
nized as one of  the most important etiological factors in 
IBD and CRC development and studies evaluating the 
pro-inflammatory or anti-inflammatory roles of  IL-17, 
the distinctive cytokine of  Th17, are ongoing.

Th17 are a subset of  T helper cells producing IL-17 
discovered in 2007. They are considered developmentally 
distinct from Th1 and Th2 cells and excessive amount 
of  these cells is thought to play a key role in autoimmune 
pathologies such as Crohn’s disease[51].

The physiological role of  Th17 cells is suggested by 
studies that have demonstrated preferential induction of  
IL-17 in cases of  host infection with various bacterial and 
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fungal species at the epithelial/mucosa interface. Among 
the cytokines released by Th17 is also IL-22 which stimu-
lates epithelial cells to produce anti-microbial proteins 
specifically directed against certain types of  microorgan-
isms such as Candida spp and Staphylococcus spp. A lack 
of  Th17 cells has been demonstrated to render the host 
more susceptible to opportunistic infections[52].

The process of  Th17 maturation and differentiation 
from naive T cells is not yet completely understood. 
A combination of  cytokines, including transforming 
growth factor (TGF)-β, IL-6, IL-1, IL-21 and IL-23 
have been implicated, whereas IFNγ and IL-4, the main 
stimulators of  Th1 and Th2 differentiation, respectively, 
have been shown to inhibit Th17 differentiation[53]. 
IL-23, however, is thought to be the main stimulator of  
IL-17 production by Th17 and other IL-17 producing 
cells[54].

Gene expression signature compatible with Th17 cell 
infiltration has been associated with shorter disease free 
survival in patients with radically resected stage Ⅰ/Ⅱ 
colorectal cancer, and this was explained by the immuno-
suppressive role of  Th17 cells[55].

Grivennikov et al[56] confirmed a nearly three-fold higher 
expression of  IL-23 and IL-17 in tumor tissue of  7 colorec-
tal cancer patients as compared to the adjacent normal 
mucosa. They also studied the role of  IL-23 and IL-17 in 
a mouse model of  colorectal carcinogenesis based on 
the preferential allelic loss of  Apc in the colonic epi-
thelium (the so-called CPC-APC mice). CPC-APC mice 
reproduce human colorectal cancer development in that 
preneoplastic lesions may be indentified (dysplasia) that 
progress to overt adenocarcinoma in the distal colon. 
IL-23 and IL-17 were upregulated also in CRC of  CPC-
APC mice and this upregulation was seen at early phases 
of  tumor progression. Flow citrometry analysis demon-
strated that IL-23 producing cells within the tumor were 
mainly CD11b+ and F4/80+ myeloid cells infiltrating 
the stroma.

In CPC-APC mice knockout for IL-23, both number 
and size of  spontaneously developing CRCs were re-
duced, as were IL-23-induced cytokines (IL-17, IL-6 and 
IL-22) and epithelial STAT3 phosphorylation, a mediator 
of  epithelial proliferation. The same effect was seen in 
CPC-APC chimeras mice where IL-23 was specifically 
knocked-out in bone marrow-cells confirming that this 
cell type generates the tumorigenic IL-23 signalling. Simi-
lar effect was seen in CPC-APC mice knockout for the 
receptor of  IL-17.

Basal IL-23 intestinal production is thought to be 
maintained by commensal flora and signalling through 
the innate immunity pathway TLRs and MyD88[57]. As 
for other mouse models[58], also CPC-APC mice with 
ablated MyD88 had reduced IL-23 and IL-17 production 
with reduced spontaneous tumor load, thus indicating the 
importance of  innate immunity signalling for the IL-23/
Th17 pathway. This effect was prevented by bone mar-
row transplantation of  MyD88 competent cells. Broad-
sprectum antibiotics also reduced IL-23 colonic synthesis 

and spontaneous tumorigenesis in CPC-APC mice.
Grivennikov et al[56] also demonstrated that preneo-

plastic lesions in CPC-APC mice are associated with 
altered mucin production and epithelial barrier homeo-
stasis, which favour commensal bacterial translocation 
with activation of  lamina propria myeloid cells to pro-
duce IL-23. Authors postulated that, following an initial 
cancerogenic mutation, integrity of  epithelial barrier in 
colonic adenomas is lost and stimulation of  underlying 
myeloid cells by translocated commensals is the promot-
ing loop that ultimately leads to adenocarcinoma growth 
and progression.

A relationship between IL-17 and CRC formation 
was also identified using another spontaneous intestinal 
tumorigenesis mouse model (mice bearing a heterozygote 
mutation of  APC: ApcMin/+ mice) targeting the small in-
testine. Specifically, it was reported that enterotoxigenic 
Bacteroides fragilis, a human intestinal commensal bacte-
ria, promoted intestinal tumor formation and that tumor 
formation was inhibited when the IL-17 or its receptor 
were blocked[59,60].

In a recent study by Hyun et al[61], it was also demon-
strated a role for IL-17 in the tumor initiation stage of  
CAC development, using the DSS+AOM experiment in 
both wild type and IL17-/- mice. Indeed, the ablation of  
IL-17 signalling significantly decreased the expression of  
IL-6, STAT3, TNF-alpha and IFN-gamma in the IL17-/- 
group, indicating a significant change in the environment 
driven by this cytokine upon DSS+AOM administration. 
The degree of  epithelial proliferation observed after 
hematoxylin and eosin staining was also significantly 
reduced in the IL17-/- group. Furthermore, Ki-67 immu-
nohistochemical staining was performed, and the number 
of  stained cells was found to be significantly decreased in 
both normal intestinal crypts and tumor specimens. This 
reduction correlated with decreased b-catenin, cyclin D1, 
cyclin-dependent kinase 2 and cyclin E expression, sug-
gesting a prominent role of  IL-23/Th17 pathway at early 
stages of  tumor development.

CRC-INDUCED IMMUNE RESPONSE
Once a CRC is established, a number of  immune cell 
types may differentially contribute to its progression or 
its growth control (Table 1).

Cytotoxic immune cell infiltration at the tumor sites
A wealth of  evidence has documented the favorable ef-
fect of  infiltrating cytotoxic lymphocytes (adaptive im-
munity) on prognosis for many human cancer types[62-72].

Identification of  reliable immune prognostic factors 
for colorectal cancer patients is the focus of  intensive clini-
cal and translational research, and a cornerstone study was 
published by Pagès et al[73] in 2009. They demonstrated that 
the combined immunohistochemical analysis of  CD8+ 
and CD45RO+ cells in specific tumor regions may be 
predictive of  disease recurrence and overall survival in pa-
tients with early-stage, radically resected colorectal cancer.
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First, authors demonstrated an upregulation of  gene 
clusters referring to CD8 cytotoxicity and Th1 orientation 
in 15 tumors with high density of  memory CD45RO+ 
cells at the immunohistochemistry, and in particular an up-
regulation of  CD8, granzyme, perforin, T-bet, interferon-
gamma, interleukin 12Rb 1 and 2, and IL-18 genes. They 
then demonstrated, in a cohort of  411 colorectal cancer 
patients with apparently good prognosis (all stage Ⅰ or 
Ⅱ), that low density of  both CD8+ and CD45RO+ was 
associated with a six-fold to seven-fold increased risk of  
death. In the multivariable analysis, infiltration of  CD8+ 
and/or CD45RO+ cells was an independent prognostica-
tor together with pT stage and clinical presentation with 
bowel perforation. These results were further confirmed 
in an independent cohort of  191 patients (validation co-
hort). In another dataset by the same authors[74], degree of  
cytotoxic CD8-positive and memory CD45RO-positive 
T cell infiltration at the primary tumor site (the so-called 
immune score, Im) displayed a discriminatory prognostic 
power superior to that of  standard staging system and pa-
tients with high Im had a significantly prolonged disease-
free and overall survival. The Im ranged from 0 to 4 and 
was based on the assignment of  1 point for the presence 
of  high density of  either CD8+ or CD45RO+ cells evalu-
ated at both the central zone and the invasive margins of  
the primary tumor. In a sample of  415 patients, propor-
tions of  cases falling in Im0, Im1, Im2, Im3 and Im4 
classes were 9%, 12%, 27%, 22%, and 30%, respectively. 
The 5 year disease free survival rate was 85%, 53% and 
32% for Im4, Im1 and Im0, respectively, with statistically 
significant P-value. Immune cell infiltration correlated 
significantly with tumor stage, in particular a decrease of  
50% in CD8+ cell density was seen between stage Ⅰ and 
Ⅳ. Same authors documented, in a separate study, that 
effector T cells prevented from more aggressive tumor 
behavior such as early lymphovascular embolisation[75].

We also confirmed the prognostic value of  memory 
CD8+CD45RO+ cells in metastatic patients[76] by evalu-
ating peripheral expression of  CD45RO, PD-1, and TLR4 
immune pathways in metastatic CRC. We enrolled 31 
patients in a prospective study which included a standard 
firstline chemotherapy with fluorouracil, irinotecan and 
bevacizumab (clinical trial.gov NCT01533740). Blood 
was drawn before the first and third cycle of  chemo-

therapy and analyzed by flow cytometry for frequency 
of  CD4+, CD8+, CD45RO+, and PD1+ mononuclear 
cells and for TLR4 expression on neutrophils.

Two cycles of  chemotherapy determined changes in 
immune variables that were prognostically meaningful. 
Pre-third-cycle CD45RO+CD8+cell frequency displayed 
a statistically significant association with progression-free 
survival (PFS) (median PFS 22.4 vs 9.4 mo for patients 
with CD45RO+CD8+cell frequency > vs < the median 
value of  12%) and overall survival (2-year OS rate 62 vs 
44%, respectively). A Cox regression multivariate analysis 
for PFS including pre-third-cycle CD45RO+CD8+cell 
frequency, CEA, LDH, and Köhne risk class demon-
strated CD45RO+CD8+cell frequency to be the only 
independent prognostic factor.

The beneficial effect of  Th1 orientation has also been 
demonstrated for CAC. A recent study have shown that, 
using another well-established experimental model of  
oral AOM+ intrarectal administration of  trinitrobenzene 
sulfonic acid, mice deficient in INF-gamma develop 
significantly more neoplasms compared to wt mice and 
Th2-biased IL4-/- mice[77]. On the basis of  these results, 
authors suggest that a Th2-dominant cytokine response 
may enhance CRC growth in a colitic background. Fur-
thermore, Th2-related cytokines, such as IL-4 and IL-13, 
determined the upregulation of  activation-induced cyti-
dine deaminase (AID), an enzyme which induces DNA 
mutation in cultured colonic epithelial cells thus favoring 
accumulation of  genetic lesions leading to cancer pro-
gression[78].

Still Bindea et al[79] have recently studied 28 immune 
cell subtypes (the immunome) at all stages of  CRC de-
velopment and found that during cancer progression 
there is an increasing disappearing within the tumor 
tissue of  cytotoxic T cells with B cells and T follicular 
helper cells becoming more prevalent. This immune cell 
shift is probably driven by an enhanced CXCL13/IL-21 
signal.

As a general consideration, these results demonstrat-
ed that an adaptive, cancer-specific, immune response 
exists both for localized and metastatic cancer. This im-
mune defence is mainly cytotoxic Th1-oriented and even 
if  it fails to determine a complete “cancer clearance” 
may still control the occurrence of  metastasis and delay 
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Table 1  summarizes main cell types involved in immune reaction during colorectal cancer disease

Immune cell type: phenotype and description Effect on colorectal cancer prognosis
CD8+CD45RO+ T cells: memory cytotoxic T cells, associated with a 
T helper 1 orientation 

Favorably influencing relapse-free, progression-free and overall survival

FOXP3+CD25+CD4+ T cells: Regulatory T cells with suppressive 
effect on effector cytotoxic lymphocytes

Unfavorably influencing relapse-free and overall survival

CD14+CD163-IL10high M1 macrophages: classically activated macro-
phages

Favorably influencing prognosis by enhancing Th1-type antitumor immune response

CD14+CD163+IL12high M1 macrophages: classically activated mac-
rophages

Unfavorably influencing prognosis by exerting immunosuppressive effect and 
enhancing Th2-type response

Lin-HL-ADR-CD11b+CD33+ cells: Myeloid-derived suppressor 
cells

Unfavorably influencing prognosis by promoting metastatic spread

Formica V et al . Immunity and colorectal cancer

TH: Helper T cell; IL: Interleukin.



disease progression.

Role of T regulatory cells in colorectal cancer
Tregs are a subset of  CD4+ cells, whose frequency ranges 
between 4%-10%, that are found to potently restrain spe-
cific immune responses and maintain self-tolerance thus 
preventing autoimmune disorders[80].

Tregs have been implicated in cancer progression as 
they are able to inhibit antigen specific T cell antitumor 
response and high peripheral and tumor tissue levels of  
these cells have been found in colorectal cancer patients[81].

Indeed, specific immune T cell response to tumor as-
sociated antigens frequently occurs in cancer patients[82,83], 
yet effective immune-mediated tumor clearance is uncom-
mon and Tregs seems to play a major role in this context.

In patients where immune constraint is less promi-
nent, T cells infiltrate tumor tissue and this is a well-
recognized favourable prognostic sign[84]. In particular, 
a high ratio of  infiltrating CD3+ cells (effector cells) to 
FOXP3+ cells (Tregs) is associated with improved dis-
ease free-survival[85]. Furthermore, depletion of  circulat-
ing Tregs in mouse models, even for a limited period of  
time, is associated with rejection of  both tumor trans-
plants and de novo chemically-induced neoplasms[86-88]. 
Treg generation in colorectal cancer appears to be anti-
gen-specific[89].

In a study by Betts et al[90], peripheral and tumor tis-
sue lymphocytes from nearly 50 patients with localized 
colorectal cancer were immunophenotyped before and 
at 12 and 52 wk after radical resection and compared 
with age-matched healthy controls. Before surgery, a 
nearly 20% increase in FOXP3 content of  peripheral 
Tregs from colorectal cancer patients was observed as 
compared to Tregs from controls. As FOXP3 expression 
correlates with the suppressive capacity of  these cells[91], 
the finding indicates that function of  Tregs, more than 
frequency, is enhanced in colorectal cancer patients. In 
the tumor tissue, Tregs were even more represented than 
in the periphery, as FOXP3+ cell percentage within the 
CD4+ pool shifted from nearly 15% in the bloodstream 
to 50% in the tumor stroma.

It is possible that the enhanced Treg homing to intes-
tinal mucosa seen in cancer patients could be the results 
of  increased expression of  certain integrins and adhesion 
molecules, e.g., CD49d. Same significant difference of  
FOXP3+ cell percentage between bloodstream and pe-
ripheral tissues were reported by Deng et al[92] who com-
pared PBMCs to lymphocytes from the tumor draining 
lymphnodes.

Even more intriguing, peripheral Treg FOXP3 ex-
pression significantly dropped immediately after surgery 
and, after 52 wk of  follow up, it became comparable 
to that of  healthy controls. Finally, specific immune 
response to certain tumor antigens (e.g., 5T4) were sup-
pressed preoperatively (as measured by ELIspot test of  
CD4+ cells producing IFN-gamma before and after 
Tregs depletion) and restored post-operatively, at 6 mo, 
because of  a reduced suppressive Treg action. Moreover, 
higher Treg-mediated immunosuppression (as measured 

by ELIspot reaction to tumor antigens CEA and 5T4 
after Treg depletion) at the pre-operative timepoint was 
observed in 10 patients who relapsed as compared to 34 
who did not relapse after one year.

Action of  Tregs in colorectal cancer may partly ex-
plain disappointing results of  anticancer vaccination in 
this disease[93].

In other datasets, however, increased number of  tu-
mor infilitrating Tregs has been seen to correlate with 
improved prognosis. Suggestions have been made on the 
possible favourable role of  Tregs in suppressing protu-
moral inflammatory response in these cases[94,95].

Other immune cells involved in CRC progression: mac-
rophages, myeloid cells and neutrophils
Important players in CRC are tumor-associated macro-
phages, which can be divided into classically activated 
macrophages (M1), typically induced by IFN-gamma and 
LPS, and alternatively activated macrophages (or M2), 
induced by IL-4 and IL-13. M1 exhibit potent micro-
bicidal properties and promote strong IL-12-mediated 
Th1 responses, whilst M2 support Th2-associated func-
tions[96]. M1 macrophages can prime anti-tumor immune 
response through the production of  cytokines like TNF-
alpha, IL-6 and IL-12, while M2 can inhibit ant-cancer 
immunity through the production of  TGF-β and IL-10. 
The balance between M1 and M2 may condition towards 
a protumoral or antitumoral milieu[97,98].

Recent studies have identified myeloid-origin cells 
as potent suppressors of  tumor immunity and there-
fore a significant impediment to cancer immunotherapy. 
“Myeloid-derived suppressor cells” (MDSC), a heteroge-
neous population of  early myeloid progenitors, immature 
granulocytes, macrophages, and dendritic cells at different 
stages of  differentiation, accumulate in the bloodstream, 
lymph nodes, bone marrow and at the tumor site of  most 
patients and animals and inhibit both adaptive and innate 
immunity. MDSC are induced by tumor-secreted and 
host-secreted factors, especially proinflammatory mol-
ecules. The induction of  MDSC by proinflammatory me-
diators led to the hypothesis that inflammation promotes 
the accumulation of  MDSC that down-regulate adaptive 
immune surveillance and antitumor immunity, thereby 
facilitating tumor growth[99].

Relatively little is known about neutrophils in human 
cancers. Several cytokines secreted from both tumor and 
stromal cells seem to contribute to high neutrophil count 
(neutrophilia) seen in many metastatic CRC patients and 
neutrophilia appears to have immunosuppressive con-
sequences. Among others, main neutrophilia-inducing 
cytokines are vascular endothelial growth factor-A, IL1-
beta and IL-6[100]. Neutrophils usually are able to directly 
phagocyte invading microorganisms (such as bacteria 
and fungi) or kill them by releasing activating cytokines 
(TNF-α, IL-1 and interferons), defensins and toxic sub-
stances such as reactive oxygen species. Although neu-
trophils are traditionally considered for their antibacterial 
functions, it is becoming clear that tumor-associated neu-
trophils (TAN), peripheral neutrophils and granulocytic 
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myeloid-derived suppressor cells observed in the spleen, 
bone marrow and bloodstream play an important role in 
cancer biology, mainly as immunosuppressive cells in the 
context of  tumors[101]. More recently, it has been demon-
strated that in untreated tumors, neutrophils can also as-
sume a pro-tumorigenic state, which by analogy to mac-
rophages, is called “N2” phenotype. The full range of  
mechanisms responsible for this pro-tumorigenic activity 
have not yet been elucidated, but neutrophils are known 
to impact angiogenesis, immune surveillance, as well as 
to secrete chemokines, cytokines and reactive oxygen 
species. However, it has been noted that under certain 
conditions (e.g., after TGF-β blockade), TAN can take on 
an “N1” phenotype, which is pro-inflammatory and an-
titumorigenic. It is important to consider which of  these 
two possible phenotypes predominate when interpreting 
the nature of  inflammation during CRC development. 
Interestingly, recent findings have been introduced the 
peripheral neutrophil to lymphocyte ratio as an important 
prognostic and predictive factor in CRC[102,103].

CONCLUSION
Overall a great amount of  research has been produced 
on the immune response in colorectal cancer.

Many assumptions, such as the detrimental effect of  
inflammatory pathway activation, have partly been called 
into question since it may be paramount in maintain-
ing epithelial homeostasis. Immune and inflammatory 
response to CRC is incredibly complex and adapt ac-
cording to carcinogenetic phase (preneoplastic lesion vs 
overt carcinoma), cancer stage and microenvironmental 
context (commensal ecology).

The key interpretation of  published results is that a 
fine balance exists between immune and epithelial/tu-
mor cells and either excessive or defective deviations 
from this balance will result in cancerogenic and/or can-
cer progression risk.

Therapeutic immune interventions have necessarily 
to be multitargeting and finely tuned. A coordinated ap-
proach involving concomitantly potentiation of  cytotoxic 
immunity, suppression of  protumoral Tregs, Th17 and 
Inflammatory cells and reconstitution of  the normal 
host/microbial symbiosis is the only way, to our opinion, 
to render effective immunotherapy in CRC care.
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