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Abstract: Mucosal immune system in gut plays a protective role in maintaining a balance between pro-inflammatory 
and anti-inflammatory mediators. This immunological balance is severely impaired in idiopathic inflammatory dis-
ease (IBD). Inflamed colonic mucosa demonstrates abnormalities in the molecular pathways before any histological 
evidence of dysplasia or cancer. In IBD, inflamed gut mucosa is characterized by a high level of pro-inflammatory 
cytokines like TNF-α, IL-6, and IFN-γ secreted by effector cells, which subsequently causes mucosal damage. There 
are several lines of evidence indicating that nuclear factor-kappaB (NF-κB) is a key regulator in this response. 
Activated NF-κB acts as a mediator in colorectal cancer (CRC) by inducing cellular proliferation, enhancing migra-
tion and up-regulating of anti-apoptotic proteins. Several genes have been found linked to IBD-associated cancers. 
Genome-wide association studies have also identified several associated genes. Alternatively it is assumed that 
chronic inflammation is the main cause of CRC which is supported by the fact that, colon cancer risk increases with 
duration over 10 years of IBD. These findings emphasize the importance of NF-κB inhibitor as a therapeutic target 
in CRC. This review focuses on the diverse roles of NF-κB in IBD related carcinogenesis and specific subunits of NF-
κB family, providing insights to develop new therapeutic strategy in treatment of IBD as well as prevent subsequent 
development of CRC.
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon cancers and the second leading cause of 
cancer death in the developed countries. In- 
flammatory bowel disease (IBD), both ulcer-
ative colitis (UC) and Crohn’s disease (CD) are 
risk factors of colorectal cancer. Several genes 
have been found linked to IBD-associated can-
cers [1-4]. Genome-wide association studies 
have also been carried out to identify associat-
ed genes [5, 6]. The other major risk factors 
include familial adenomatous polyposis (FAP) 
and hereditary nonpolyposis colorectal cancer 
(HNPCC). Both FAP and HNPCC have a well-
defined genetic etiology, whereas IBD associ-
ated risk of colon cancer has been considered 
related to chronic inflammation. There are sev-
eral studies showing a connection between 
inflammation and colon carcinogenesis [7, 8]. 
Regardless of underlying causes both IBD relat-
ed colon cancer and sporadic CRC are charac-
terized by a dysplasia-to-cancer sequence. Th- 

ere are various signaling pathways involved in 
colonic inflammation, and nuclear factor-kappa 
B (NF-κB) signaling pathway plays a central role 
among them. NF-κB transcription factors are 
implicated in the inflammation, development, 
growth and apoptosis [9-11]. This review will 
focus on the role of NF-κB in carcinogenesis of 
inflammation-associated CRC as well as NF-κB 
targeting therapeutic strategies that might aid 
in the treatment of CRC.

NF-κB family and signaling pathway

Nuclear factor-kappa-light-chain-enhancer of 
activated B cells (NF-κB) is a protein complex 
[12] can either induce or repress gene expres-
sion by binding to specific DNA sequences in 
the promoters of target genes. These sequenc-
es are termed κb elements. The members of 
the transcription proteins are classified based 
on C-terminal structures. Class 1 includes p105 
and p100. They undergo proteasomal process-
ing before it is transferred to the nucleus. Class 
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2 includes RelA, RelB, and c-Rel. These factors 
contain a transcription activation domain, whi- 
ch provides them transcriptional ability. In unsti- 
mulated cells, the majority of NF-κB dimers are 
inactivated and remains in the cytoplasm by 
association with small inhibitory molecules ca- 
lled IκB proteins. This association results in 
inactivation of NF-κB [13, 14]. IκBs bind to NF- 
κB dimmers and block their nuclear localiza-
tion, thereby causing their cytoplasmic reten-
tion. The members of IκB family are IκBα, IκBβ 
IκBγ, IκBε, Bcl-3, p100, and p105. Upon stimu-
lation IκB proteins undergo IκB kinase-depen-
dent (IKK-dependent) phosphorylation, polyu-
biquitination and subsequent proteasomal deg-
radation of IκB proteins elements. Thus relea- 

sed transcription proteins are free to translo-
cate to the nucleus and to bind therein to the 
κB elements in the promoters and enhancers 
of target genes. NF-κB subsequently controls 
the expression of genes that are key regulators 
of growth, differentiation, survival, apoptosis, 
tumorigenesis, embryonic development, meta- 
stasis and immune and inflammatory respo- 
nses.

Two different Intracellular pathways are invo- 
lved in activation of NF-κB, the classic and the 
alternative signaling pathways (Figure 1). The 
classical or canonical pathway requires activa-
tion of the ReLA/p50 dimer. Upon stimulation 
by cytokines, growth factors, viral or bacterial 

Figure 1. NF-κB Signaling Pathway. Canonical and non-canonical pathways of NF-κB activation: A. Canonical path-
way induced by pro-inflammatory stimuli, such as TNF-α, IL-1 which lead to phosphorylation of the IKK complex 
(IKKbeta, IKKalpha and IKKgamma/NEMO), phosphorylation and degradation of IkappaBalpha which allows RelA/
p50 NF-kappaB complexes to enter the nucleus and induce or repress the activation of a multitude of genes. B. 
Non-canonical pathway induced by specific stimuli (CD40, lymphotoxin, LPS). This leads to the induction of the NF-
κB inducing kinase (NIK), which then activates IKKalpha homodimers leading to the phosphorylation of p100 and 
its proteolytic cleavage to p52 by ubiquitin-dependent processing by proteasome. The active RelB/p52 heterodimer 
then enters the nucleus and mediates gene transcription.
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proteins, or oxidative stress this pathway is 
activated by many receptor types, including 
tumor necrosis factor receptors (TNFRs), toll-
like receptors (TLR), and interleukin 1β (IL-1β), 
then relay cytoplasmic signals to activate the 
p50/p65 heterodimer, resulting in expression 
of genes encoding regulators of innate and 
adaptive immune responses, pro-survival sig-
nals, and development genes [15-17]. The clas-
sic pathway relies on IKKβ, IKKγ, and IκB pro-
teins for activation. When stimulated by their 
appropriate receptors IκB proteins are phos-
phorylated on specific serine residues by IKKα/
IKKβ complex leading to ubiquitin-dependent 
IκB degradation by proteasome [18]. Free RelA/
p50 dimers are ready to translocate to nucleus 
and to bind therein to the κB elements. This 
pathway plays an important role in innate 
immunity and inflammation [19].

The alternative or non-canonical pathway is tri- 
ggered by certain members of the TNF cytokine 
family receptors including CD40, lymphotoin β 
(LTβR) and B-cell activating factors (BAFF), as 
well as human T-call leukemia virus (HTLV) and 
epstain-Barr virus (EBV), and results in selec-
tive activation of RelB/p52 heterodimers. This 
pathway causes activation of IKKα by the NF- 
κB-inducing kinase (NIK), followed by phos-
phorylation of the NF-κB p100 subunit by IKKα, 
resulting in proteasome-dependent processing 
of p100 to p52, triggering activation of RelB/
p52 heterodimers that allows the nuclear trans-
location of this heterodimers and their binding 
to DNA to inducing the expression of NF-κB tar-
get genes. This pathway is important in the con-
trol of development and function of secondary 
lymphoid organs and B-cell maturation and sur-
vival [20-22]. Activation of NF-κB by both path-
ways regulates cell survival, death and has be- 
en now implicated in carcinogenesis [23-26]. 

Chronic inflammation and cancer, the role of 
NF-κB

Acute inflammation is a protective response to 
tissue damage and to maintain tissue homeo-
stasis. On the other hand, chronic inflammation 
can trigger carcinogenic events and eventually 
leading to transformation of normal cells into 
malignant cells [27, 28]. An estimation in epide-
miological studies found that over 20% of all 
human cancer is associated with chronic inflam- 
mation [29]. Studies on gastrointestinal and 
hepatobilliary cancer found that chronic inflam-
mation acts as a tumorigenic factor. The inter-
relationship of chronic inflammation and tumor-

igenesis in gastrointestinal tissue is not yet 
clear, but one possibility is that the intestinal 
epithelial cells are physiologically exposed to 
various dietary environments that contain pro-
inflammatory microorganisms. A recent study 
revealed that chronic inflammation promoted 
colorectal cancer by altering the composition of 
gut microbiota [30]. The microenvironment that 
contributes to tumor development is comprised 
of various cell types, including the infiltrating 
inflammatory cells, as well as a host of soluble 
mediators such as cytokines, chemokines, gr- 
owth factors and various other proteases. 
These factors then act on epithelial cells to trig-
ger multiple intracellular signaling pathways 
which finally activate transcription factors. 
Under persistent inflammatory state they act in 
tumorigenesis by expression of multiple ge- 
nes. The most known transcription factor in this 
process is NF-κB [31]. Originally NF-κB tran-
scription protein is associated exclusively with 
immunity and inflammation, and it is also prov-
en that such a transcription factor also has 
essential role in epithelial tissues, as coordi-
nating antibacterial immunity and maintaining 
barrier function in the gastrointestinal system 
[32, 33]. Deregulation of normal NF-κB activity, 
such as expression of an abnormal form of the 
protein, or interference with transcriptional 
activity from the normal gene, has been shown 
to be involved in the development of leukemia, 
lymphomas, and solid tumors [34]. Activation 
of apoptosis-resistant genes by NF-κB family 
members also influences tumor development; 
this is one of the mechanisms to develop resis-
tance to radiotherapy and chemotherapy [35]. 
Although the exact mechanism of inflammation 
initiating neoplasm is still not completely under-
stood, the NF-κB could well be an important 
player in this process since it is activated in 
chronic inflammation. Verchow who hypothe-
sized that malignant neoplasm arises at regions 
of chronic inflammation, reasoned that various 
“irritants” caused tissue injury, inflammation, 
and increased cell proliferation [36, 37]. De- 
regulation of such homeostasis predisposes to 
IBD and CRC [38]. NF-κB, by orchestrating infla- 
mmatory responses, cell survival and growth, 
exerts a fundamental role in the interplay 
between cancer and inflammation [39].

Chronic inflammation and IBD

IBD is a chronic inflammatory process. Crohn’s 
disease (CD) and ulcerative colitis are the two 
major forms of IBD. It has been found that the 
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involvement of damaged epithelia and activat-
ed immune cells in the inflamed mucosa plays 
an important role in their pathogenesis [40-
42]. The main complication is colitis-associated 
cancer (CAC) after long standing IBD, usually 
over 5-10 years after onset [43]. For many 
years, It is presumed that chronic inflammation 
is the cause of CAC and the risk increases with 
advanced age, certain genetic features, smok-
ing status, diet, the extent of physical activity, 
virus infection, environmental influences, in- 
take of exogenous hormones alcohol ingestion 
[44, 45], longer duration of colitis, greater ana-
tomic extent of colitis, the concomitant pres-
ence of other inflammatory manifestations. The 
site of inflammation is characterized by high 
levels of cytokines, growth factors and ROS, 
which regulates the subsequent accumulation 
of leucocytes, and stimulate endothelial cells 
and fibroblasts to divide and produce compo-
nents for tissue remodeling. The microenviron-
ment, rich of inflammatory cells and cytokines, 
damage DNA and alter cell survival and drive 
the carcinogenic process. There are several 
studies proved that cytokines released during 
inflammation may contribute to cancer devel-
opment, and those acting via the activation of 
NF-κB [37, 46]. Colonic biopsies taken from 
patients with IBD demonstrate higher rates of 
mitosis as well as apoptosis, especially in areas 
of active, as opposed to quiescent inflamma-
tion [47]. However, increased epithelial cell 
turnover likely contributes to carcinogenesis, 
and insufficient to cause cancer.

Regardless of the underlying condition almost 
all CRCs (sporadic or colitis- associated colorec-
tal cancer), develop from a dysplasia-to-cancer 
sequence and multiple genetic mutations must 
occur before a carcinoma develops. In sporadic 
colon cancer (CRC) the dysplastic precursor is 
the adenomatous polyp (adenoma). Intratu- 
moral immune cells are recruited after the 
tumor is formed and so in this case chronic 
inflammation follows tumor development. In 
contrast, dysplasia in IBD-associated CRC can 
be polypoid or flat, localized, diffuse, or multifo-
cal and once found, enhance the risk of neopla-
sia in entire colon. This biological behavior in- 
creases clinical cancer surveillance in IBD pati- 
ent’s more than normal population. This also 
raises the possibility of involvement of chronic 
inflammation and cytokines in the pathogene-
sis of CRC.

NF-κB in intestinal epithelial cells

Although activation of NF-κB has been shown in 
inflammatory cells and intestinal epithelial 
cells, normal functioning of NF-κB is essential 
for maintenance of epithelial cells homeostasis 
in the gut [48]. In gut epithelial cells, NF-κB reg-
ulates epithelial integrity and interaction be- 
tween the mucosal immune system and the gut 
microflora. Alteration of normal function is fo- 
und in chronic inflammation. Dysregulated cyto-
kine production and related signaling activation 
by inflamed intestinal epithelial cells and 
myeloid cells have been implicated in the pa- 
thogenesis of IBD, and NF-κB has turned out to 
be one of the major regulatory components in 
this complicated phenomenon [49]. The am- 
ount of NF-κB activity is correlated with the 
severity of inflammation [50]. The increased 
level of NF-κB expression in mucosal macro-
phages is accompanied by an increased secre-
tion of TNF-α, IL-1, and IL-6 [51].

The role of NF-κB in CRC is also established by 
mouse models [52, 53]. Intestinal epithelial 
cell- specific inhibition of NF-κB synthesis via 
conditional ablation of IKKγ or by conditional 
inactivation of both the IKKα and IKKβ subunits 
essential for NF-κB activation, results in the 
spontaneous development of severe chronic 
intestinal inflammation in mice. Deficiency of 
NF-κB causes colonic epithelial cells to enter 
apoptosis, impaired expression of antimicrobial 
peptides, and inhibits translocation of bacteria 
into the mucosa. NF-κB signaling maintains the 
host-microbiota homeostasis [48].

NF-κB and CRC, the role in carcinogenesis

Activation of NF-κB and tumorigenesis, a molec-
ular link with chronic inflammation is recently 
established. Transformation of normal epitheli-
al cells to malignant cells requires genetic aber-
rations such as nucleotide alterations and chro-
mosomal translocation. Several lines of evi-
dence revealed that inflammatory stimulation 
of epithelial cells triggers the aberrant expres-
sion of DNA mutator enzymes, which initiate or 
promote oncogenic pathways by enhancing 
susceptibility to mutagenesis. Nucleotide edit-
ing enzymes, including activation-induced cyti-
dine deaminase (AID), induce genetic changes 
in human DNA sequences via their cytidine 
deaminase activity [54, 55]. NF-κB plays a ma- 
jor role in the regulation of AID expression. This 
enzyme’s intrinsic mutagenic potential could be 
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induced in response to pro-inflammatory cyto-
kines as well as infectious agents that mediate 
the activation of NF-κB in epithelial cells. 
Continuous AID gene expression promotes the 
accumulation of genetic alterations in various 
genes with oncogenic potential, the definitive 
evidence for a causal link between AID and 
tumorigenesis. All the evidence proves that AID 
expression mediated by NF-κB activation in 
response to inflammation might be a mecha-
nism for malignant transformation of gastroin-
testinal epithelial cells during process of carci-
nogenesis [56]. In normal cells NF-κB is tran-
siently activated while in cancer cells it exhibits 
sustained activation [57, 58]. Subsequently to 
its persistent activation, NF-κB signaling path-
way has been shown to regulate expression of 
many genes implicated in cell survival, prolifer-
ation, tumorigenesis, invasion, angiogenesis, 
and metastasis (Figure 2) and resistance to 
treatment. Sustained activation of NF-κB pro-
motes growth of CRC as well as other cancers.

are regulated by NF-κB mediated transcription 
are Cyclin-D1, c-myc, CDK, IL-1, IL-6, and TNF. 
As a transcriptional factor, NF-κB binds to their 
promoters and thereby controls cell growth and 
proliferation [62, 63]. Activation of NF-κB also 
controls cell proliferation by activating genes of 
growth factors, granulocyte-colony stimulating 
factor (G-CSF), and bone morphogenic protein 
[64, 65]. Colon cancer growth inhibition via 
inhibition of NF-κB inhibition has been proven 
[66]. Studies on some other cancers like lung 
and breast cancers have been shown the simi-
lar results [67].

Formation of new blood vessels is essential for 
tumor progression, and has been shown to be 
dependent on growth factors (e.g. TNF, VEGF) 
and chemokines (e.g. monocyte chemoattac-
tant protein-1, IL-8) [68, 69]. VEGF is regulated 
by hypoxia-inducible factor and by NF-κB [70]. 
Other factors known as angiogenic factors are 
also chemokines that are mainly regulated by 

Figure 2. Inflammation and NF-κB. Inflammation and NF-κB activation: 
Roles of the NF-κB-mediated inflammatory pathway in cellular transforma-
tion and in cancer cell survival, proliferation, invasion, angiogenesis, and 
metastasis.

NF-κB is engaged in tumorigen-
esis by upregulating the anti-
apoptotic pathway and potenti-
ates tumor cell survival. Anti-
apoptosis plays a vital role in the 
maintenance of cancer cells. 
Canonical pathways of NF-κB 
are known to activate the tran-
scription of a group of anti-apop-
totic proteins, which can be 
divided into two groups. The first 
group mainly includes inhibitors 
of apoptosis proteins (IAP) Ci- 
ap1, Ciap2, XIAP and CFLIP [59]. 
The second group mainly inclu- 
des Bcl-2 family members, in- 
cluding Bcl-2 and BclxL [60]. In 
addition to transcription, inhibi-
tion of NF-κB activity elevates 
JNK activity and induces apopto-
sis, suggesting that NF-κB inhib-
its apoptosis via inhibition of 
JNK activity [61].

Recent studies showed that the 
pro-survival function of NF-κB is 
related to its expression of tar-
get genes of the phosphoionosit-
ide 3-kinase (PI3K/Akt cas-
cade), one of the key elements 
in promoting cell proliferation 
and cell growth. The other cell 
cycle regulatory pathways that 
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NF-κB, and inhibition of NF-κB in CRC suppress-
es these chemokines secretion from tumor 
cells. Additionally, by mediating the production 
of cyclooxygenase 2 (COX-2), vascular cell adhe-
sion molecule (VCAM) and matrix metallopro-
teinases (MMPs) it also enhances angiogenesis 
and invasiveness [71-73]. It has been shown 
that angiogenesis-promoting COX-2 is induced 
by NF-κB in inflammation and is found to in- 
crease in colorectal cancer in more aggressive 
forms [74]. Some studies have shown that, 
gelatinases (MMP-2 and MMP-9) and CXCR4 
expression is regulated by NF-κB activation and 
are the prognostic factors in many solid tumors. 
They play a role in the degradation of the extra-
cellular matrix and basement membrane and 
thereby tumor invasion.

For a successful metastasis, the surrounding 
environment must be suitable for tumor cells to 
grow. Recent studies have shown that tumor 
cells activate the macrophages through TLRs 
and that activated macrophages promote me- 
tastasis [75]. TLR is one of the factors that acti-
vate NF-κB, and thereby promotes metastasis. 
Metastasis of tumors is also an important fac-
tor that influences the prognosis of patient. In 
many tumors, including CRCs, NF-κB activation 
has been reported to promote metastasis of 
cancer cells [76, 77]. Study of experimental 
murine colon cancer metastasis model revea- 
led that lipopolysaccharide (LPS)-induced met-
astatic growth response depends on both TNF- 
α production by host hematopoetic cells and 
NF-κB activation in tumor cells. NF-κB inhibition 
in both colon and breast cancer cells converts 
the LPS-induced growth response to LPS-indu- 
ced tumor regression [78]. This study proved a 
clear role of NF-κB in tumor invasion and metas-
tasis. Chemokines (e.g. CXCR3 and CXCR4) 
were expressed at a higher proportion in metas-
tases than in primary tumors of CRC patients. 
NF-κB regulates the expression of CXCR3 and 
CXCR4, which play a pivotal role in CRC metas-
tasis to LNs and distant organs (liver and lung).  
CXCR3 enhances CRC metastasis preferentially 
to LNs with poor prognosis and patients with 
CXCR3-positive CRC exhibit significantly short-
er survival than those with CXCR3-negative 
CRC patients. CXCR4 is associated with distant 
metastasis of CRC, whereas CXCR3 strength-
ens the CXCR4 mediated distant metastasis 
[79].

In IBD, its inflammatory milieu promotes the 
development of CAC. Cytokines (TNF-α, IL-6, 

IL-1) derived from myeloid cells activate NF-κB 
in IEC, which produces in response numerous 
cytokines, growth factors and chemokines/
receptors (CXCR3, CXCR4, CXCL9, CXCL12) att- 
racting immune cells and fibroblasts, thus cre-
ating a vicious circuitry [71, 80]. Clinicopatho- 
logical studies correlated the expression of NF- 
κB, hypoxia inducible factors (HIF), VEGF and 
Bcl-3 with proliferation, angiogenesis, decre- 
ased survival and poor clinical outcome [81, 
82]. All these studies showed that NF-κB is 
involved in every aspect of intestinal carcino-
genesis, from initiation to metastasis [21].

For better understanding of the role of NF-κB in 
inflammation and in tumorigenesis, commonly 
used mouse model of IBD-related CAC involves 
administration of azoxymethane (AOM) follo- 
wed by repeated administration of dextran 
sodium sulfate (DSS) ingestion [83]. In AOM/
DSS Model, tumor development was investi-
gated in mice lacking IKKβ expression restrict-
ed to myeloid cells or intestinal epithelial cells. 
These mice exhibited decline in tumor load, 
with a decrease in tumor size and decrease in 
inflammation compared to tumors in WT mice 
[84]. This suggests that cytokines of inflamma-
tion might target epithelium thus promoting the 
expansion of transformed cells in an NF-κB 
dependent manner, the expression of most of 
cytokines and growth factors characterizing the 
inflammatory process and involved in tumor 
progression relies on NF-κB activation in im- 
mune cells [85]. More importantly, IKKβ/IκBα/
NF-κB pathway is required for the induction and 
maintenance of epithelial mesenchymal transi-
tion (EMT) in mouse model [86]. EMT is a pro-
cess by which epithelial cells lose their cell 
polarity and cell-cell adhesion, and gain migra-
tory and invasive properties to initiation of 
metastasis for cancer progression. Together all 
these statements show that NF-κB have a 
diversity of functions that are required for CRC 
promotion and CRC maintenance.

Inhibition of NF-κB as a therapeutic strategy

The commonly used treatment in cancer is 
radiotherapy and chemotherapy in addition to 
surgery. Development of resistance is the ca- 
use of treatment failure and mortality in most 
cancers. Recent study suggests that the NF-κB 
pathway may contribute to the development of 
this resistant. Resistant cancers show more 
aggressive growth potential and have worse 
prognosis. Several lines of evidence have sh- 
own that chemotherapy and radiotherapy in- 
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duces activation of NF-κB, and their constitu-
tive activation is associated with the develop-
ment of both radioresistant and chemoresis-
tant [87-90]. Inhibition of NF-κB activity (Figure 
3) in resistant cancers results in resensitiza-
tion, by increased apoptosis after chemothera-
py and radiotherapy. Based on these lines of 
evidence, it is a reasonable assumption that 
simultaneous inhibition of NF-κB with chemo-
therapy and radiotherapy may be of great value 
in counterbalancing intrinsic, acquired, or indu- 
ced resistance mechanisms. 

Protease inhibitors, which act as an anti-inflam-
matory, were incidentally discovered as a killer 
of transformed cells, with minimal effect on 
normal cells. The final step in NF-κB activation 
is phosphorylation, ubiquitination, and degra-
dation of IkBα by the 26S proteasome, making 
protease inhibitors attractive therapeutic agen- 
ts. Since this discovery it has become a promis-

genic signals that support cellular proliferation 
[97]. Prostaglandins through their stimulation 
of G-coupled EP receptors have been implicat-
ed in multiple oncogenic processes. A recent 
study shown that celecoxib inhibitor of COX-2 in 
colorectal carcinoma xenografts resulted in sig-
nificantly reduced local tumor growth and de-
creased metastasis in a dose dependent man-
ner [98]. Curcumin decreased COX2 activity 
and synthesis in human intestinal epithelial cell 
[99]. Salicylates and aspirin have been shown 
to directly compete with ATP for IKKβ, inhibiting 
IKKβ function and preventing NF-κB activation. 
Recent study proved that patients with colon 
cancer (with PI3K mutation) treated with aspi-
rin had a 64% reduction in overall mortality and 
82% reduction in cancer specific mortality 
[100]. The evidence suggests that NSAID use 
for cancer prevention and therapy holds a great 
promise.

Figure 3. Inhibition of NF-κB Signaling Pathway. NF-κB activation pathway: 
Blockade shapes show the molecular targets of drugs to inhibit NF-κB ac-
tivation.

ing field of cancer therapy. 
Bortezomib (PS-341) has been 
used for the treatment of multi-
ple myeloma as well as shown to 
be cytotoxic against a range of 
human tumor cell lines, including 
brain, pancreatic, colorectal, lu- 
ng, breast, and prostate [91-96]. 
It has also been shown that bort-
ezomib enhances chemotherapy 
and radiotherapy sensitivity in 
an NF-κB dependent manner for 
a variety of cancers.

Nonsteroidal anti-inflammatory 
drugs (NSAID) may serve as use-
ful therapeutics for a range of 
inflammatory cancers. Both NF- 
κB and COX-2 promote activation 
of each other in a feedforward 
fashion. Even though its mecha-
nism in inhibition of tumor for-
mation is not yet established, it 
mainly involves cyclooxygenase- 
2 inhibition, and as a conse-
quence inhibits inflammatory si- 
gnaling, decreased NF-κB activi-
ty. The role of COX-2 in mitogenic 
signaling was validated in nor-
mal gastric epithelial cells (RG- 
M1) and multiple colon cancers, 
in which prostaglandin E2 rapid-
ly phosphorylates the EGFR and 
triggers extracellular signal-regu-
lated kinase 2, stimulating mito-
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Sulfasalazine, which contains salicylate, is ano- 
ther type of anti-inflammatory agent that is 
commonly used in ulcerative colitis and rheu-
matoid arthritis. It has been used to attenuate 
growth in multiple cancers, including breast, br- 
ain, colon, leukemia, and lymphoma [101-105]. 
At micromolar concentrations sulphasalazine 
inhibit NF-κB activation by TNF-α, lipopolysac-
charide (LPS), and phorbol ester in SW620 
colon cancer cells [106].

Glucocorticoid (GC) is a widely prescribed and 
commonly used medicine for its anti-inflamma-
tory effect by down-regulating pro-inflammatory 
cytokines, stimulating transcriptional activity of 
GC receptors (GRs), and by directly inhibiting 
the NF-κB pathway. Dexamethesone (DEX) acts 
on endogenous GR, thereby inhibits NF-κB DNA 
binding and transcriptional activation. DEX pre-
treatment was an effective chemosensitizer for 
carboplatin and gemcitabine in multiple mouse 
xenograft models, including colon, lung, breast, 
and brain cancers. GC resistance is a common 
but poorly understood problem in cancer thera-
py. Refractory NF-κB activation may be a key 
regulator of resistance [107-109]. This is stro- 
ngly supported by study on steroid resistance 
in IBD in which epithelial NF-κB activity is st- 
rongly associated with resistance [110]. More 
studies are needed for better understanding of 
suppression of GC by NF-κB and to establish 
the alternative mechanisms of resistance for 
cancers in which NF-κB may be irrelevant.

Ikkβ-inhibitors is the main regulator to activate 
NF-κB signaling pathway. Investigators are de- 
veloping specific IKKβ inhibitors and some 
small molecule inhibitors are already discov-
ered. Most of those inhibitors are competitive 
ATP binders that require to activate IKKβ. Some 
of these are already tried on human cancer cell 
lines. Those inhibitors include SU6668, PS- 
1145, ML120B, and BMS-345541. Several dru- 
gs also act as an inhibitor of NF-κB, such as 
arsenic trioxide, manumycin, and celastol. Arse- 
nic trioxide a thiol -reactive compound, induc-
ing apoptosis in several cancers in brain, colon, 
liver, leukemia, neuroblastoma [111-115]. More 
research is needed for better understanding 
the different isoform of IKKβ, their functions in 
normal physiology and immune regulation. Use 
of target IKKβ inhibitor will help to prevent 
development of immunedeficiency in treat- 
ment.

Gene therapy is a challenging technology that 
uses viral delivery of NF-κB inhibitors to tumor 
cells. Adenoviral delivery of IκBα-super repres-
sor (IκBα-SR), a synthetic nondegradable IκBα, 
in LoVo colorectal cancer cells abrogated NF-κB 
activation and sensitized previously resistant 
cells to both TNF-α and CPT-11 induced killing 
[116]. This technology needs further investiga-
tion to determine viral specificity for tumor cells 
and thereby for better understanding of off-tar-
get abrogation of NF-κB in healthy cells.

Conclusion

For the last few decades NF-κB has become a 
target focus of cancer study because of its rela-
tion in carcinogenesis and inflammation. Tu- 
mor-promoting inflammation has been recog-
nized as one of the hallmarks of cancer that 
may precede tumor initiation, creating a favor-
able microenvironment in which mutated cells 
can survive [117]. Studies on animal models 
found that chronic inflammation creates a good 
field for tumor initiation. IBD is a form of chronic 
inflammation and its one of the life threatening 
complication is CRC. As NF-κB is suspected to 
play a key role in between inflammation and 
carcinogenesis, this could be a target of treat-
ment for CRC. The major drawback will be the 
unanticipated adverse effects, long-term imm- 
une suppression, because of its complex sig-
naling pathway is involved in many physiologi-
cal functions, including immune regulation, 
development, and cell cycle control. It can be pr- 
esumed that complete inhibition of NF-κB may 
predispose patients to immunosupression and 
unforeseen adverse effects. Up to date no 
NF-κB inhibitor is clinically approved for the 
patients to treat cancer, as their potency or 
effectiveness is not yet clear. Because of their 
therapeutic profiles and adverse effects, the 
duration and time of NF-κB inhibition may vary. 
Further research is needed for investigating 
specific NF-κB inhibitor for treatment of target-
ed cancer cells. This has opened another venue 
to prevent the carcinogenesis by inhibiting or 
blocking inflammation contributing to the devel-
opment of IBD related CRC.
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