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Abstract

Chronic inflammation predisposes patients with inflammatory bowel disease (IBD) to the risk of 

developing colitis-associated cancer (CAC). Growing evidence strongly suggests that CAC 

development is multifactorial, and is attributed to concurrent, dynamic dysregulations in host 

immunity, enteric microbiota and epithelial restitution during the course of chronic inflammation. 

This review discusses the recent advances in understanding of the different forms of CAC that 

may develop in IBD patients and animal models, as well as molecular alterations and other 

processes that orchestrate the development of CAC.
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Introduction

A major complication for patients with inflammatory bowel disease (IBD), including 

Crohn's disease (CD) and ulcerative colitis (UC), is the risk of developing colitis-associated 

cancer (CAC) that was first described in 1925 by Crohn and Rosenberg.(1) Subsequent 

meta-analysis in 2001 has shown that UC patients have a 2% risk of developing CAC by the 

10th year of UC diagnosis, 8% by 20 years and 18% by 30 years.(2) The risk levels and 

pathological features of CD-derived CAC were proposed to be comparable to those of UC 

patients, making CAC one of the classical inflammation-driven cancers.(3-5) In fact, 

inflammation-mediated CAC is considered as one of the 3 major conditions associated with 

colorectal cancer, along with familial adenomatous polyposis (FAP) and hereditary 

nonpolyposis colorectal cancer (HNPCC).(6) CAC often exhibits rapid progression and 

resistance to therapeutic agents, resulting in high mortality.(7) In addition to the genetic 
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predisposition, CAC development requires 1) preceding inflammation that dysregulates the 

coordinated balance between mucosal immune cells and the soluble factors which are 

actively released into the inflamed region; 2) an altered gut microbiome dynamic during 

colitis that leads to the production (secretion) of additional genotoxins creating a niche 

environment for tumor cells; 3) dysregulated wound healing and epithelial regeneration that 

results in uncontrolled proliferation. In this review, we will discuss all aspects of 

aforementioned factors that contribute to the development of CAC.

Pathogenesis and forms of CAC

It is well known that CAC develops through a complex multi-step and multi-factorial 

process “inflammation-dysplasia-carcinoma sequence” (Figure 1). The normal colon is first 

affected by inflammation, and an influx of immune cellular infiltrates results in colitis 

through the secretion of proinflammatory cytokines and chemokines, as well as oxygen and 

nitrogen reactive species that increases the probability of inducing genomic mutations and 

DNA damage.(8) During mucosal injury associated with inflammation, epithelial cell 

proliferation is enhanced while the tissue regenerates; proliferation and regeneration subside 

after the inflammation is controlled or the tissue is repaired. In contrast, proliferating cells 

that sustain genomic mutations and/or DNA damage continue to proliferate. Thus, 

longstanding and/or repeated bouts of inflammation, as seen during chronic colitis, increase 

the risk of the epithelial cells to become dysplastic and eventually give rise to invasive 

adenocarcinoma.

There are two forms of colitis-associated dysplasia, elevated or flat, which can either be 

localized in one area or scattered throughout the colon.(9) The dysplasia is usually classified 

as low-grade or high-grade. Low-grade dysplasia is characterized by nuclear elongation, 

hyperchromasia and stratification, as well as mucin depletion, while high-grade dysplasia 

shows more prominent cytologic atypia with round nuclei and conspicuous nucleoli, as well 

as additional architectural changes such as crypt crowding and budding. Loss of nuclear 

polarity and atypical mitoses are also seen.

Rutters et al reported that 89.3% of the studied CAC patients had elevated polypoid 

dysplasia.(10) Growing evidence suggests that the difference in morphology between flat 

and polypoid lesions is attributed to the difference in molecular mechanisms. Firstly, it was 

demonstrated by Fujimori et al in 2004 that p53 knockout (KO) mice treated with two cycles 

of dextran sulphate sodium (DSS) developed predominately flat dysplasia, whereas the 

majority of dysplastic lesions that developed in wildtype (WT) mice with the same treatment 

were polypoid.(11) Similarly, the study by Chang et al. using 3-4 cycles of DSS treatment 

showed that flat lesions were associated with p53 KO genotype and polypoid lesions were 

associated with WT genotype, indicating that loss of p53 may give rise to flat dysplasia in 

the inflamed colon.(12) Secondly, it has been shown by immunohistochemistry that the 

nuclear translocation of β-catenin, a molecule regulating cell-cell adhesion and intracellular 

gene transduction in the Wnt signaling pathway, can be detected only in polypoid lesions 

(91.3%) but not in flat lesions (0%).(12, 13) Thirdly, an expression array analysis of 550 

cancer genes revealed that sixteen genes (PMS1, nm23, p21, FAK, Smad4, c-jun, ECGF-1, 

Erk1, GAK, GSTP1, IGF-2, Laminin β-3, MMP-15, Mucin3, Rho GDIβ, and TIMP-1) were 
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up-regulated and eleven genes (HLA-DQ, Cdc42, Egr-2, Eph, Galectin-1, gp130, GST-II, 

MDR1, p120, Ras-GAP, and Rho 8) were down-regulated in flat lesions compared to 

polypoid lesions.(14) Fourth, flat dysplasia exhibits an inflammation magnitude that is 10-

fold higher than that of polypoid dysplasia, suggesting that low-grade inflammation may 

promote DALMs whereas high-grade inflammation results in flat dysplasia.(13, 15) Finally, 

both flat and polypoid lesions respond differently to 5-aminosalicylic acid (5-ASA).(15) 

Treatment with 5-ASA in drinking water was sufficient to decrease the number of flat 

lesions that developed in Swiss Webster mice secondary to chronic DSS treatment, but it 

failed to reduce the size of tumor.(15) Conversely, the multiplicity of polypoid lesions was 

not affected but the size was significantly reduced by the same treatment.

The histological differentiation of dysplasia from normal epithelium undergoing 

regenerative changes may be difficult in some cases. In general, the healing epithelium has 

regenerative characteristics at the crypt base whereas the luminal surface of the crypt shows 

some degree of maturation. Conversely, dysplastic crypts typically exhibit distortion at both 

the surface and base of the crypts. Furthermore, it is also challenging to distinguish between 

CAC (especially DALM) and sporadic colorectal cancer (CRC) that may develop 

independently of inflammation in IBD patients. In general, CRC is seen in a region proximal 

to the inflamed colonic segments in UC patients. Many clinical, genetic and molecular 

characteristics are distinct between CAC and sporadic CRC. For instances, p53 mutations in 

CAC occur during an early stage of neoplastic transformation, whereas p53 mutations 

mostly occur at later stages in sporadic CRC.(16) In fact, the presence of p53 mutations in 

the adjacent, morphologically non-dysplastic epithelium in CAC suggests that chronic 

inflammation can induce genomic changes in the colonic mucosa and carcinoma develops 

within the genetically altered mucosa, supporting the theory of “field cancerization”.(17) In 

addition, alterations in the adenomatous polyposis coli (APC) gene are considered as the 

putative gate-keeping event in sporadic CRC, but occur later and much less frequently in 

CAC. Histologically, sporadic CRC typically exhibits a top-to-down growth pattern 

whereby the dysplastic transformation first involves the luminal surface of crypts while the 

crypt base is relatively normal.(18) In contrast, CAC exhibits a bottom-to-up growth pattern 

starting from the crypt base.

The immunity orchestra in CAC

Preceding inflammation is a prerequisite for CAC to develop. The influx of immune cells 

and the variety of cytokines that they secrete, including TNF-α, TGFβ, IL-10 and IL-12, are 

considered to be one of the major causal factors in cultivating the tumor-promoting milieu 

(Figure 2).(19-25) In addition to cytokines, these immune cells also produce other signaling 

molecules, as well as oxidative compounds, that have detrimental effects in promoting 

tumorigenesis. Immune cells that play a pivotal role in CAC include both innate and 

adaptive cells such as neutrophils, macrophages, dendritic cells, myeloid suppressor cells 

and T cells (Figure 3).

The innate immune system provides immediate response and a first-line of defense 

mechanism for invasive pathogens and/or endogenous danger signals in the small and large 

intestines. During the course of IBD development, the infiltrating innate immune cells, in 
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particular neutrophils and macrophages, produce large amounts of reactive oxygen species 

(ROS).(26) Thus, with the environment overloaded with oxygen radicals, this increases 

intestinal oxidative stress and is capable of inducing DNA damage and genetic mutations.

(27) It was shown that colonic epithelial cells (CECs) exposed to activated neutrophils and 

the soluble factors that they produced harbored increased numbers of replication errors.(28) 

Co-culturing of CECs with activated neutrophils also showed an accumulation of cells in the 

G2/M phase of the cell cycle, which is consistent with the enhancement of a DNA-damage 

checkpoint.(28) This cell cycle arrest allows repair of damaged or incompletely replicated 

chromosomes, or otherwise allows the induction of apoptosis to eliminate seriously 

damaged cells.(29) In addition to contributing high amounts of ROS, neutrophils also 

secrete a pro-tumorigenic factor, interleukin (IL)-1β.(30) IL-1β can induce expression of 

IL-6, which is one of the other critical components in mediating CAC via the signal 

transducer and activator of transcription (STAT) 3 signaling pathway.(30, 31) Furthermore, 

neutrophils can also directly produce carcinogenic N-nitroso compounds during intestinal 

inflammation that implies a further risk of colonic carcinogenesis in chronic inflammatory 

conditions.(32)

Activated macrophages (M1) can inhibit cell proliferation and potentially cause tissue 

damage, while alternatively activated macrophages (M2) promote cell proliferation and 

tissue repair.(33) M1 macrophages are characterized by their microbicidal properties and 

secretion of pro-inflammatory cytokines. M1 also produce a large amount of free radicals, 

such as peroynitrite, that is a particularly strong oxidant ROS with low specificity.(34) In 

contrast, M2 have reduced cytotoxic response and pro-inflammatory influence.(35) The 

balance between M1 and M2 populations can be a key component in determining the 

transition from inflammation to tumorigenesis in CAC. It was shown that during the 

transition from colonic hyperplasia to dysplasia or from dysplasia to carcinoma, there is a 

consistent depletion in M1, whereas M2 remain stable.(36) Interestingly, tumor-associated 

macrophages (TAMs) exhibit a M2-macrophage phenotype with similar functions and have 

pro-tumor properties.(37) TAMs highly express the glycoprotein 96 (gp96), a chaperone that 

maintains proper folding of most Toll-like receptors (TLRs).(38) The absence of gp96 

results in loss of responsiveness to TLRs ligands.(39) Macrophage-specific deletion of gp96 

protects azoxymethane (AOM)/DSS treated mice from colitis and tumorigenesis, 

accompanied with a decrease in the production of IL-17A/F and IL-23, both of which are 

associated with the development/maintenance of T helper 17 (Th17) cells.(40) Interestingly, 

it has been shown that the crosstalk between TAMs and other innate cells (e.g. mast cells 

and CECs) are dependent on PI3K/AKT signaling.(41)

While the innate immune system initiates the intestinal inflammation, it is the adaptive 

immune system that perpetuates chronic inflammatory conditions. Both CD4+ and CD8+ T 

cells play pathogenic as well as protective roles in CAC development, depending on their 

subsets. While both CD4+ Th1 and Th2 signatures are the main drivers of CD and UC, 

respectively, it appears that Th2 cell-derived factors are the main culprit for tumor 

development, whereas Th1 cell-derived factors are protective against CAC. The notion is 

supported by the in vivo study by Osawa et al, in which AOM/2,4,6-trinitrobenzenesulfonic 

acid (TNBS) treatment was used to induce CAC in the interferon gamma (IFNɣ) KO mice 

(i.e. Th2-dominant mice), or IL-4 KO mice (i.e. Th1-dominant mice).(42) They found that 
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IFNɣ KO mice developed significantly higher numbers of tumors compared to IL-4 KO 

mice, indicating that the Th2 response plays a pivotal role in CAC. In addition to the 

inflammatory microenvironment, the cytokine milieu is important in determining naïve T 

cell differentiation in response to antigenic exposure. When the adaptive immune system 

fails to resolve the inflammatory immune response, as seen in most IBD patients, an 

increase in IL-21 appears to have two major impacts. First, the increase in IL-21 causes 

naïve T cells to preferentially differentiate into Th17 rather than Th1 cells.(43) This 

enhances the increased production of Th17 cytokine, including IL-17A and IL-17F, that has 

been shown to have a great influence on inflammation and tumorigenesis.(44) Secondly, the 

transition from Th1 to Th17, as a consequence of the IL-21 production, also results in loss of 

Th1-mediated IFNɣ production and reduces the cytotoxic effector function of CD8+ T cells.

(44-47) Since tumor immunosurveillance is predominately exerted by cytotoxic CD8+ T 

cells, the Th1-Th17 transition results in reduction of their tumor suppressing functions. 

When CD8+ T cells encounter a tumor-associated antigen, they become activated and 

express high levels of IFNɣ and FasL. This membrane bound FasL then induces apoptosis of 

dysplastic cells that express high levels of surface bound Fas.(48) Furthermore, it has been 

show that IFNɣ further enhances the expression of Fas in HT29 human CEC line, 

augmenting the killing process.(49)

Indeed, the suppression of cytotoxic T cells results in cancer immune evasion. Such 

suppression can be exerted by myeloid-derived suppressor cells (MDSC). High numbers of 

blood MDSCs correlate well with clinical cancer stages and metastatic burdens in CRC and 

other cancers.(50, 51) These MDSCs express large amounts of a chemokine receptor, C-X-C 

chemokine receptor type 2 (CXCR2), whereas the inflamed colonic mucosa and tumor cells 

express high levels of CXCR2 ligands.(52) The overexpression of both the receptor and its 

ligand induces chemotactic attractions, which in turn cause the infiltration of MDSC into the 

colonic mucosa and tumors. MDSC then suppress the colonic cytotoxic CD8+ T cells 

through the production of superoxide and nitric oxide, depletion of L-arginine, alteration of 

signaling molecules and surface receptors of T cells.(53) This MDSC-mediated suppression 

of CD8+ cytotoxic T cells compromises tumor immunosurveillance effects and promotes 

CAC development. (52)

Microbial contributions to CAC

The intestine harbors over 1013-14 commensal bacteria, composing of up to 36,000 different 

species.(54, 55) These commensal microbes closely contact with the apical surface of the 

intestinal epithelium, and are separated only by a protective epithelial barrier (including 

CECs and mucin layers) from the immune system present in the lamina propria. Thus, the 

commensal organisms can have an enormous impact not only on intestinal inflammation, but 

also on tumorigenesis through the production of tumor-promoting genotoxins that can also 

induce chromosomal instability.(56)

Indeed, it has been widely reported that translocation of commensal microflora, such as 

Citrobacter rodentium, Bacteroides fragilis, adherent-invasive Escherichia coli (AIEC) into 

CEC, and DSS treatment that induces epithelial injury and exposes the lamina propria cells 

including macrophages to the luminal microflora, can result in intestinal inflammation.(57) 
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Association between selected commensal microbiota and development of CAC has also 

been studied in animal models of spontaneous colitis. For instance, IL-10 KO mice develop 

spontaneous colitis in the conventional (CV) or specific pathogen free (SPF), but not under 

germ-free (GF), environment. It was shown that IL-10 KO mice pre-injected with AOM and 

housed in the CV environment developed colorectal carcinomas, and the number of tumors 

positively correlated with the severity of colitis.(58) In contrast, AOM-injected IL-10 KO 

mice that were housed in the GF environment showed intact colonic mucosa without tumor 

formation. Interestingly, high throughput sequencing in IL-10 KO mice revealed that 

chronic inflammation can alter the composition of gut microbiota and induce expansion of 

certain microorganisms that have genotoxic effects.(59) Data from IBD and CAC patient 

specimens showed increased numbers of colonic AIEC strains that highly express the long 

polar fimbriae (lpfA) that is associated with the translocation across M cells of the follicle-

associated epithelium, as well as the polyketide synthase (pks) that is responsible in 

producing the genotoxin colibactin.(60) Colonization of mice with AIEC NC101 strain, 

which contains deletion of the pks genotoxic island, does not alter the severity of intestinal 

inflammation, but showed remarkable reduction in tumor-multiplicity and -invasion.(59)

The sensing and communication of bacteria with the host intestine depends on pattern 

recognition receptors (PRRs) including TLRs and nucleotide-binding oligomerization 

domain receptors (Nod)-like receptors, which are both up-regulated in inflammation-

associated colorectal neoplasia. Deletion of TLR4 that senses bacterial lipopolysaccharides 

(LPS) protects mice from CAC development.(61) Deletion of MyD88, the major adaptor 

protein for most TLR signaling, also protects IL-10 KO mice from AOM/DSS-induced CAC 

development.(58) Similarly, Nod2 deficiency creates a pro-inflammatory environment that 

promotes epithelial dysplasia. Interestingly, the dysplasia can be suppressed by anti-biotic 

treatment.(62) Transfer of the dysregulated microbiota that developed in Nod2 KO mice into 

WT mice leads to an increased risk of CAC development in the recipient mice.(62)

Interestingly, Couturier-Maillard et al demonstrated that the magnitude of CAC risk is 

dependent on the composition of maternally transmitted microbiota.(62) In addition to the 

parental-inherited effects of the microbiota, translocation of indigenous microbiota from the 

other areas of the body to the intestine can also promote intestinal tumorigenesis. Kostic et 

al has reported an enrichment of Fusobacterium, a bacterium that is indigenous to the human 

oral cavity, in colorectal carcinomas.(63) APCMin/+ mice, a murine model of multiple 

intestinal adenomas, exposed to Fusobacterium showed a significant increase in colonic 

tumors when compared to APCMin/+ mice that were exposed to Streptococcus, or control 

mice.(64) In addition, treatment with antibiotics in mice can confer some degree of 

protection against CAC, supporting the pivotal role of the gut microbiota during 

tumorigenesis.(65)

Dysplasia of epithelial cells: The victim of chronic inflammation

The harsh dynamic inflammatory environment during chronic colitis exerts a strong 

influence on the intestinal epithelial cells (IECs) that may eventually become dysplastic. 

First, danger molecular signals released from exogenous (pathogen associated molecular 

patterns; PAMPs) or host-derived (danger associated molecular pattern; DAMPs) can 
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activate intracellular molecular pathways in the IECs. Concurrently, potent factors, such as 

ROS, released into the environment to ward off invading pathogens may induce genomic 

mutations and/or DNA damage in IECs. Finally, during the restitution (regeneration) of the 

epithelium in the mucosa that was damaged by the inflammation, the IECs harboring 

genomic mutations and/or DNA damage likely undergo uncontrolled proliferation. 

Collectively, all these processes promote CAC tumorigenesis.

Under inflammatory conditions, the intestinal epithelium expresses pattern recognition 

receptors (PRR) to sense the changes in its immediate environment. When these PRRs 

detect the presence of 1) host-derived DAMPs, such as S100A family molecules and the 

High-Mobility Group Box (HMGB), and/or 2) conserved microbial PAMPs (i.e. bacterial 

and fungal cell wall components and viral nucleic acids), they gets activated and transmits 

danger signals.(66) For instance, the Receptor for Advance Glycation End product (RAGE) 

is a receptor that can sense endogenous DAMP signals. RAGE receptor expression is low in 

the intestinal epithelium but is inducibly expressed on the IECs upon inflammatory 

stimulation.(67) RAGE that are expressed on colonic tumor cells were found to be post-

translationally modified with carboxylated N-glycans, which are recognized and 

subsequently bound by host-secreted DAMPs ligands including the S100A family molecules 

(e.g. S100A8, S100A9, S100A12) released by both neutrophils and IECs. S100A9 and 

RAGE ligation specifically activates downstream NF-κB signaling, which promotes cell 

proliferation and exacerbates tumor progression in AOM-DSS treated mice.(68) On the 

other hand, TLRs are one of the widely studied PRRs that recognize PAMPs as described 

above.(69) Importantly, TLR2 and TLR4 can also sense DAMPs, such as HMGB and 

S100A proteins. TLR4 KO mice-derived bone marrow chimera mice receiving AOM/DSS 

treatment had much more increased dysplastic lesions, as well as more significant neutrophil 

and macrophage infiltrations, compared to TLR4 KO mice transplanted with WT mice-

derived bone marrow.(70) The results indicate that CEC specific TLR4 response is pro-

tumorigenic. Interestingly, the villin-TLR4 mice, which have increased TLR4 signaling in 

the intestinal epithelium, can cause spontaneous intestinal dysplasia.(71) Subsequently, the 

activation of TLR4 triggers β-catenin signaling in CECs in a PI3K-dependent manner.(71)

Indeed, β-catenin signaling activation in CECs plays a major role during colonic 

tumorigenesis. During intestinal inflammation, the activation of PI3K/AKT pathway also 

collaborates with WNT/Frizzled pathway to further enhance β-catenin activation in the 

intestinal stem cells that may be critical for the CAC progression.(72) Many colonic factors 

that are expressed at a low level in the homeostatic state, but are highly inducible and up-

regulated in IBD and CAC, have been reported to efficiently activate β-catenin. These 

factors include the indoleamine 2,3 dioxygenase-1 (IDO1), chitinase 3-like 1 (CHI3L1) and 

PCNA-associated factor (PAF) that has been shown to be highly associated with tumor cell 

proliferation via β-catenin activation.(73-75) 5-ASA, the most common anti-inflammatory 

therapy for UC patients, can inhibit β-catenin signaling in the CECs of patients with CAC, 

and protect IL-10 KO mice from the development of dysplasia.(76) The inhibition of β-

catenin signaling by 5-ASA is the most significant in the middle and upper parts of colonic 

crypts.
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Another prominent signaling activation seen in the IECs during CAC development is IL-6-

STAT3 pathway. IL-6, an NF-κB-regulated cytokine, is extremely important for the survival 

of normal and premalignant IECs, preventing them from undergoing apoptosis during 

intestinal inflammation.(31) However, IL-6 activation of the transcription factor STAT3 in 

pre-cancerous IECs not only enhances their survival but also promotes tumor proliferation.

(31) It has been reported that the lamina propria macrophages are the source of IL-6 which 

exerts the trans-signaling effects on the CECs.(77) Mechanistically, one of the factors that 

can induce the production of IL-6 during colitis and CAC is the sphingosine-1-phosphate 

(S1P) that is a pleiotropic bioactive sphingolipid metabolite produced by sphingosine 

kinases. The subsequent activation of S1P receptor, S1PR, by S1P leads to up-regulation of 

IL-6 expression.(78) Once IL-6 is up-regulated, it then binds to the IL-6 receptor gp130 on 

the IECs that activates STAT3 and alters cell-cycle progression at the G1 and G2/M phases.

(79) STAT3 activation, which is predominately detected in the CECs, was found to be more 

prominent in low-grade CACs than high-grade CACs.(80) Conversely, STAT6 activation is 

found to be more common in the normal CECs than those of CAC, suggesting a preferential 

shift from STAT6 to STAT3 activity profile during the disease progression.(80)

In addition to altering cell-cycle progression, STAT3 activation is also linked to mucosal 

wound healing following intestinal epithelial injury. However, IEC specific STAT3 

activation, which enhances wound healing processes, is not induced by IL-6, but rather by 

IL-22 that is produced by CD11c+ cells as well as Th17 cells.(81) It has also been reported 

that a dysregulated IL-22/STAT3 pathway is present in CAC patients.(82) Leukocytes 

infiltrating tumor cells produced large amounts of IL-22 compared to those infiltrating the 

adjacent non-neoplastic mucosa.(83) The IL-22 produced by the immune cells then binds to 

the IL-22 receptor (IL22RA1) that is expressed on IECs, and the receptor-ligand interaction 

subsequently activates STAT3 that may promote tumor growth.(83) Physiological regulation 

and neutralization of IL-22 function can be achieved by its ligation with soluble IL-22 

binding protein (IL-22BP). IL-22BP is a soluble IL-22 receptor and a natural inhibitor of 

IL-22 that prevents IL-22 from binding to membrane bound IL-22RA1. It was reported that 

IL-22BP deficiency in mice was strongly associated with accelerated tumor development 

with an increase in tumor size and number.(84) IL-22BP/IL-22 double KO mice showed 

similar tumor development as IL-22 KO mice, in which both the tumor number and load 

was lower than IL-22BP KO mice, confirming that the IL-22-IL-22BP axis critically 

regulates intestinal mucosal repair and tumorigenesis in the colon.(84)

Other important factors that may prevent the CECs from developing tumorigenesis during 

the process of wound healing and repair is the proper restoration of epithelium barrier 

through the recoating of the epithelium with the protective mucus layer. The mucus barrier 

is composed of secreted and cell-surface mucins that are made up of large glycoproteins 

with dense arrays of complex O-linked glycans and function as a physical barrier to limit the 

access of microbes and toxins to the underlying intestinal tissue.(85) It was shown that 

intestinal epithelium involved by tumor showed the absence of mucin producing cells as 

well as markedly depleted production and coating of mucin 2 (Muc2) when compared to the 

adjacent normal epithelium.(86) Consequently, microbes and their genotoxic products can 

easily penetrate the tumor region but not the adjacent normal tissue, creating a tumor-

promoting microenvironment.(86)
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Therefore, the IECs are extremely vulnerable since they receive all sorts of signaling cues 

present in the inflammatory environment that are necessary to complete inflammatory 

episodes but have potential tumor-promoting effects when dysregulated (Figure 4).

Conclusion

Patients with IBD are susceptible to colorectal cancer development as a result of chronic 

inflammation, in addition to any genetic predisposition. To develop effective interventions 

against the development of CAC, careful consideration to all causal factors is required. 

These include host immunity, commensal microbial influences and epithelial homeostasis.
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Abbreviations

5-ASA 5-aminosalicylic acid

AOM azoxymethane

CAC colitis-associated cancer

CD Crohn's disease

CEC colonic epithelial cells

CRC colorectal cancer

CV conventional

DALM dysplasia associated lesion or mass

DSS dextran sulphate sodium

GF germ-free

IBD inflammatory bowel disease

IECs intestinal epithelial cells

IFN interferon

IL interleukin

KO knockout
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LP lamina propria

LPS lipopolysaccharide

MDSC myeloid-derived suppressor cells

Nod nucleotide-binding oligomerization domain receptors

PRR pattern recognition receptors SPF, specific pathogen-free

STAT signal transducer and activator of transcription

TAM tumor-associated macrophages Th, T helper

TLR toll-like receptors

UC ulcerative colitis

WT wildtype
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Figure 1. The inflammation-dysplasia-carcinoma pathogenic sequence in CAC
CAC follows an inflammation-dysplasia-carcinoma progression track. Chronic 

inflammation and repeated epithelium regeneration establish a potential primary tumor-

initiating milieu through high production of potent pro-inflammatory cytokines and release 

of mutagenic reactive oxygen species and carcinogens by immune cells. Survival of early 

dysplasia often acquires aberrations in the p53 gene, which then progress into the two forms 

of neoplasia, flat and dysplastic associated lesion of mass (DALM), each exhibiting their 

own unique morphological and molecular characteristics. Neoplastic cells can transform into 

carcinoma, whereby aberrations in the APC gene are more frequently observed.
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Figure 2. Effects of cytokine on CAC
The varieties of cytokines present in the colonic inflammatory-tumor environment are listed 

in alphabetical order. *Anti-tumor effects.
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Figure 3. Effects of colonic infiltrating immune cells on CAC
Major infiltrating innate immune cells (e.g. macrophages, neutrophils) contribute to tumor 

progression through the release of pro-inflammatory cytokines, reactive oxygen species and 

carcinogens. Infiltrating adaptive immune cells includes Th2 and Th17 and exerts pro-tumor 

properties through cytokine production and interference with the tumor-immunosurveillance 

system. Conversely, anti-tumor effects of the adaptive immunity is exerted by Th17 cells 

through release of IFNɣ and enhancing tumor-immunosurveillance, and cytotoxic CD8+ T 

cells that mediate direct killing of tumor cells.
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Figure 4. Signaling pathway transduction on intestinal epithelial cells in CAC
Signaling molecules, including cytokines and pattern recognition molecules, are important 

for intestinal epithelial cells (IECs) responses during inflammation. At regulated state, these 

signals allows IECs to activate innate immunity and produce pro-inflammatory cytokines to 

ward off the invading pathogen, activate pro-survival genes to survive the harsh 

inflammatory environment, remodel the epithelium for regeneration and to initiate cell 

proliferation for restitution. In a dysregulated state, these signals may allow survival and 

proliferation of dysplastic cells and allow epithelium remodeling for further tumor growth.
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