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Introduction

Colorectal Cancer (CRC) is shown as the second
most common leading causes of death from cancer
in developed countries. Even though colorectal
tumorigenesis is a complex process, epidemiological
and experimental data indicate that change in
some protein level has a role in the development of
CRC. Colonoscopy is still the most accurate test for
colorectal cancer screening; however, it is costly and
is associated with procedure-related complications
as well as poor patient compliance. In contrast,
another commonly used colorectal cancer screening
test, Fecal Occult Blood Testing (FOBT) is
inexpensive and simple to perform, but has a
relatively low sensitivity and specificity [1].
Advances in understanding the molecular pathology
of colorectal cancer, has led to identification of
promising early detection molecular markers for use
in  non-invasive  colorectal cancer screening
assays[2]. Cancers can be characterized by
patterns of changes in gene expression. Genes that
mediate tfumorigenesis can be broadly
characterized as oncogenes; which are activated by
alterations, and tumor suppressor genes; which are
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inactivated  during  tumorigenesis  [3].  Tumor
suppressors restrain growth and proliferation,
passage through the cell cycle, motility, invasion, or
other functions related to stable differentiation.
Genes that encode tumor suppressors are commonly
inactivated by deletion, mutations, promoter
methylation, or other changes in regulation.
Colorectal Cancers (CRCs) develop gradually over
a long period of time through the sequential
accumulation of genetic alterations [4]. It is now
appreciated that there are multiple molecular
pathways to colon cancer, and that these pathways
involve both mutations and epigenetic alterations.
For example, serrated polyps are associated with
microsatellite  instability and aberrant DNA
methylation, whereas tubular adenomas more
commonly arise via inactivation of the Adenomatous
Polyposis Coli (APC) tumor suppressor gene and
concurrent  genetic alterations resulting from
chromosomal instability [5].

A biomarker is a substance that is objectively
measured that indicates the presence of an
abnormal condition within a patient and allows
disease progression and/or therapeutic response to
be monitored [6]. Biomarkers provide a powerful
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and dynamic approach to understanding the
spectrum of malignancies with applications in
observational and analytic epidemiology,
randomized clinical trials, screening, diagnosis and
prognosis[7]. In this review, we will provide a
scenery of the role of genetic and epigenetics in
colorectal cancer, and will discuss applications of
these epigenetic alterations as biomarkers for early
detection, diagnosis, prognostication and
management of patients with colorectal cancer.

Genetic mutations

Some studies suggested mutations in some gene are
associated with colorectal cancer [8-11]. Mutation in
APC gene cause to inactivation of APC that leads
to activation of the Wingless/Wnt pathway, a
common mechanism for initiating the polyp[cancer
progression sequence [12]. KRAS and TP53
mutations as well as mutations in genes that
regulate important cell signalling pathways such as
the Transforming Growth Factor — 1 [TGFBI1]
signalling pathway was reported [13]. Mutations in
KRAS or BRAF occur in approximately 55-60% of
colorectal cancer, aberrantly activating the MAPK
signalling pathway, inducing proliferation and
suppressing apoptosis [14, 15].

Tomlinson et al. examined 550 k SNPs in 930 cases
of CRC with familial histories of the disease, and
identified rs6983267 at 8q24.21 as the most
common SNP associated with CRC [16]. This finding
was confirmed by the additional screening of 7,334
cases of CRC, which gave an Odds Ratio (OR) of
1.27 [P = 1.27 9 10-14][17]. Zenka et al
investigated 100,000 SNPs in 7,480 cases of CRC,
and discovered that SNPs at 824 [OR 1.18, P =
1.41 9 10-8] as well as at 9924 [OR 1.14, P =
1.32 9 10-5] were associated with the incidence of
CRC [18] Kupfer et al also reported the
significance of rs10795668 at 10p14, which was
associated with CRC [19]. Tenesa et al reported
SNPs in a screen of more than 14,500 CRC cases,
finding that 11923 [rs3802842: OR 1.1, P = 5.8 9
10-10], 18921 [rs4939827: P = 5.8 9 10-10], and
8924 [rs7014346: OR 1.19, P = 8.6 9 10-26]
were associated with CRC [20]. In a study of CRC
patients, Pittman et al identified 1123
[rs3802842: OR 1.17, P = 1.08 9 10-12] as an
important SNP [21]. One study in Japan was found
that three SNPs—rs6983267, rs10808556 on
8924, and rs10411210 on 19ql13—were
significantly correlated with the incidence of CRC in
Japan [22-26]. In a Swedish-based cohort, von
Holst et al reported 11loci that were associated
with an increased or decreased risk of colorectal
cancer, including 8q23.3 [rs16892766], 8q24.21
[rs6983267], 9p24 [rs719725], 10p14
[rs10795668], 11g23.1 [rs3802842], 14q22.2
[rs4444235], 15q13.3 [rs477 9584], 16q22.1
[rs9929218], 18qg21.1 [rs4939827], 19q13.1
[rs10411210], and 20p12.3 [rs?61253]. Of those
11 loci, 8q23.3, 8q24.21, 10p14, 15q13.3, and
18g21.1 showed statistically significant odds ratios
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similar to the previously published findings. Also, it
was reported polymorphism in insulin pathway role
in potential risk for a disorder but, such data are
highly heterogeneous [27-29].

1. Microsatellite instability:

Microsatellites are DNA sequences in which a short
motif of 1-5 nucleotides are tandemly repeated ten
to hundred times. Microsatellites are prone to
mutation during replication due to transient split of
the two helical strands and slippage of the DNA
polymerase complex at re annealing, which
generate an insertion or deletion loop depending
on slippage direction. Unless such mismatch is
corrected, the loss or gain of repeated units on the
daughter strand results in length variation termed
microsatellite instability [MSI][30]. Instability
manifests as small increases or decreases
[“instability”] in the number of repeats in
microsatellites throughout the genome because of
defects in Mismatch Repair (MMR) genes. These
unrepaired alterations contribute to carcinogenesis
along a distinct pathway [the MSI pathway] that
differs from the chromosomal instability [31].
Approximately 15% of Colorectal Cancers (CRC)
display MSI owing to either epigenetic silencing of
MLH1 or a germline mutation in one of the mismatch
repair genes MLH1, MSH2, MSH6 or PMS2 [32].
Discovery of MSI in colorectal tumors has increased
awareness of the diversity of colorectal cancers and
implications for specialized management of patients
[33]. It became apparent that a subset of colorectal
tumors were characterized by a large number of
mutations at microsatellite sequences [34]. Several
genes affected by MSI were then identified that
encoded regulators of cell proliferation [GRBI,
TCF-4, WISP3, activin receptor-2, insulin-like growth
factor-2 receptor, axin-2, and CDX], the cell cycle
or apoptosis [BAX, caspase-5, RIZ, BCL-10, PTEN,
hG4-1, and FAS], and DNA repair [MBD-4, BLM,
CHK1, MLH3, RAD50, MSH3, and MSH6] that
provided an important roll into the carcinogenetic
pathway [35].

Colorectal tumors with MSI have an increase in the
number of point mutations compared to cancer cells
without MSI for example mutations in [lcatenin that
make it unable to interact with APC protein [36].
Microsatellite instability occurs in approximately
15% of colon cancers and results from inactivation
of the mutation Mismatch Repair (MMR) system by
either MMR gene mutations or hypermethylation of
the  MLH1  promoter [37]. MSI promotes
tumorigenesis through generating mutations in
target genes that possess coding microsatellite
repeats, such as TGFBR2 and BAX [38].

2. Loss of chromosome:

Another promising prognostic marker is allelic loss
of chromosome, which is highly prevalent in CRC
[39-41]. For example the long arm of chromosome
18 contains several genes of potential importance
in CRC pathogenesis and progression. Among the
genes located on 18q are the DCC tumor
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suppressor gene, which codes for a neutrin-1
receptor important in cell adhesion and apoptosis;
the SMAD4 gene, which codes for a downstream
signal transducer in Transforming Growth Factor
[TGF]-B 1 signalling involved in tumor suppression;
and the SMAD22 gene, involved in endodermal
differentiation [39, 42].

Chromosomal abnormalities in CRC have been
studied by multiple groups using either
Comparative Genomic Hybridization (CGH) or
array Comparative Genomic Hybridization (aCGH)
[43, 44]. There are three known pathways in CRC
pathogenesis:  Chromosomal Instability  (CIN),
Microsatellite Instability (MSI), and the CpG Island
Methylator Phenotype (CIMP) pathways [45]. Some
of the believed consequences of CIN are loss of
tumor suppressor genes and amplification of
oncogenes in the affected regions [46, 47].
Truncating Apc mutations can lead to both
quantitative and qualitative ploidy changes in
primary mouse cell lines, mainly due to kinetochore
and centrosome abnormalities [48].

LOH is defined as loss of one of the two copies or
alleles of a gene. Often the remaining allele is
affected by a mutation. Contrary to the common
types of transmembrane receptors, DCC (Deleted in
Colorectal Carcinoma, DCC is a “conditional tumor
suppressor gene”) blocks cell growth in the absence
of its ligand, netrin-1. Approximately 70% of CRCs
show LOH in the DCC gene region. Netrin-1 is
produced deep in the crypts of the colorectal
mucosa. When the DCC gene is mutated, netrin-1
will not bind to DCC transmembrane protein,
resulting in abnormal cell survival [49].

Epigenetic Biomarkers

Epigenetic alterations play a major role in the
initiation and progression of Colorectal Cancers
(CRCs). Even in the hereditary CRCs, cancer
progression is the result of the progressive
accumulation of both genetic and epigenetic
alterations. Chromatin remodeling through histone
modification is an important mechanism of
epigenetic gene dysregulation in human cancers
[50]. The epigenetic mechanisms currently believed
to play a role in cancer include:

1)DNA methylation of cytosine bases in CG rich
sequences, called CpG Islands; 2) post-translational
modifications of histones, which are proteins that
form the nucleosomes, which regulate the packaging
structure of the DNA (called chromatin); 3) micro
RNAs and non coding RNAs; and 4) nucleosome
positioning [51].

1. DNA hypomethylation:

Significance of the global hypomethylation, and
aberrant CpG island hypermethylation was not
immediately evident leaving open the idea that the
epigenetic  alterations in  cancers, including
colorectal  cancers are merely bystander
phenomenon in the cancer genome [52]. The

aberrant hypermethylation of genes appears to be
a common molecular mechanism for silencing tumor
suppressor genes and can contribute to cancer
formation through the transcriptional repression of
these genes [53, 54]. Recently, LINE-1
hypomethylation has shown promise as a prognostic
marker for shorter disease free survival in proximal
colorectal cancer [55]. DNA hypomethylation is
important for genome stability; then it may cause
strand breaks and mutagenesis through alterations
in chromatin conformation, which increase the
accessibility of the DNA to DNA-damaging agents
promoting genomic instability [56]. Some results
show that global genome hypomethylation occurs in
the gastritis level [57]. DLEC1, located at 3p22.3,
is a common tumor suppressor locus with frequent
genetic abnormalities in multiple cancers. It was
found frequently silenced by promoter methylation
in colorectal and gastric cancers in a tumor-specific
manner. Tumor-specific promoter methylation makes
this gene a biomarker for tumor early diagnosis
[58]. Some studies show the combined methylation
status of P16, P14, HLTF (Helicase-Like Transcription
Factor), SOCS1 (Suppressor of Cytokine Signalling-
1), CDH13 (H-cadherin), RUNX3 (a member of the
human runt-related transcription factor family) and
CHFR (Checkpoint with FHA and RING finger) in 58
primary colorectal carcinomas [59]. Silencing of
SFRP  (Secreted Frizzled-Related Proteinl) by
promoter methylation causes constitutive activation
of the Wnt/Bcatenin signalling pathway, which is
associated with several tumors as well as CRC [60].
Hypermethylation of promoter regions in colorectal
cancer occurs early in some genes such as MLH1 ,
VIM and SEPT9 , these methylated genes are being
used as the basis for early detection markers [61].

At this time, stool-based methylated VIMENTIN
(mVim) is a clinically validated marker for early
detection of colorectal cancer that is now
commercially available in the United States under
the name ColoGuard assay (LabCorp)[62]. The test
exploits the fact that the Vimentin gene (VIM) is
aberrantly methylated in a majority of colorectal
cancers (53—-84%). This early detection test is a
PCR-based assay that simultaneously measures
methylated VIM as well as DNA integrity and has
reported a sensitivity of 83% and a specificity of
82%, with approximately equal sensitivity in stage
I-1ll colorectal cancer patients [63].

2. Histone modification:

Another  epigenetic  change is  chromatin
modification, specifically, covalent modifications of
the histone proteins [64]. The epigenetic status of
histones have been demonstrated to influence
transcription, DNA  repair, and replication
[65].Different combinations of histone tail modifi
cations influence  transcription by  affecting
chromatin structure [66]. Histone acetylation is a
hallmark of active regions while hypoacetylated
histone tails are found in transcriptionally inactive
euchromatic or heterochromatic regions [67].
Histone covalent modifications can be affected by
oncogenic RAS pathways to regulate the expression



of target genes like Cyclin D1 or E-cadherin and
that the dynamic balance of opposing histone-
modifying enzymes is critical for the regulation of
cell proliferation [68]. Histone H3-K9 modification
status was also closely related to cancer-related
genes that controlled epigenetically [69].
Alterations in H3K9 and H3K27 methylation are
correlated with aberrant gene silencing in many
types of cancer [70, 71]. Results have been
suggested that aberration of the global H3K9me?2
level is an important epigenetic event in colorectal
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tumorigenesis and carcinogenesis involved with
gene regulation in neoplastic cells through chromatin
remodeling [50]. The changes of histone methylation
(histone modification) in cancer can due to
chromosomal translocation, amplification, deletion,
overexpression or silencing [72, 73].

Table 1. Gene as risk factors for colorectal cancer




Name Function Pathway or interaction Location Ref
Genetic mutation
Safaei et al
APC Tumor suppressor gene Whnt signalling pathway 5q21-g22 [74]
TGF Proliferation, cellular The SMAD pathway or the DAXX pathway 19913
differentiation ,immunity
Kras Proliferation and suppressing MAPK signalling pathway 12p12.1 [75]
apoptosis
B-RAF Cell division, differentiation MAP kinase /ERKs signalling pathway 7934 [76]
MSI
MLH1 DNA mismatch repair Repair interact with Exonuclease 1 MSH4, 3p21.3 [771]
PMS2, Myc, , MBDA4.
PMS2 DNA mismatch repair Interact with MLH1. 7P12 [78]
IGF2 Acts as a signalling antagonist Signalling antagonist interact with IGFBP3 and 11p15.5 [79]
Transferrin.
aXin 2 Regulation of the stability of Wht signalling pathway interact with GSK3B. 17923-q24  [80]
beta-catenin
FAS Induces apoptosis on binding Fas ~ Apoptosis pathways 10q24.1 [81]
ligand.
RAD50 DNA double-strand break repair  Interact with RINT1, MRE1 1A, TERF2IP, Nibrin, 5q31 [82]
TERF2 and BRCAT.
LOH
DCC DCC tumor suppressor gene Three signalling states on [ligand-bound, 18921 [83]
lead to proliferation and cell migration and proliferation], off [ligand-
migration. unbound, apoptosis inducing] and absent [lack
of signal]
SMAD4 and A transcription factor cell Cell signalling and TGF-[1 pathways 18921.1 [84]
proliferation, apoptosis, and
SMAD2 differentiation
NTNI1 Axon guidance and cell migration Interact with DCC. 17p13-p12  [85]
during development
DNA Methylation
P16 Tumor suppressor gene and CDK4/ CDK6  pathway mechanism in cell 9p21 [86]
Cyclin-Dependent cycle
Kinase(CDK)inhibitor
SOCS1 Regulate cytokine signalling Interact with Janus kinase 2 Growth hormone 16p13 [87]
receptor, CD117, IRS2.
CDH13 Cell—cell contacts, dynamic Beta-catenin/Wnt pathway 16g2 [88]
regulation of morphogenetic
processes
RUNX3 Transcription factors, functionsas  Interact with TLET. 1p36.1 [89]
a tumor suppressor
SEPT9 Tumor cell migration and invasion  Interact with SEPT2and SEPT7. 22q13.2 [90]
VMT The major cytoskeletal component  Growth regulated 10p-10g23 [91]

of mesenchymal cells

signalling




3. MicroRNA:

Another type of epigenetic event is driven by
microRNAs (miRNAs), short, non-coding RNAs, that
regulate the translation of several genes binding to
their 3_UTR regions [92]. It has been suggested that
miRNAs may prevent colon cancer cell proliferation
through  KRAS  regulation [93-95]. MIiRNA
upregulation or downregulation may play a role in
CRC, but the mechanisms involved in this process are
still unclear. MIRNA gene promoter sequences
contain numerous p53 binding sites, an important
tumor suppressor gene whose activity is lost in
colorectal tumors [96]. Down regulation of hsa-miR-
143, one of the most frequent miRNA alteration
described in colon cancer [97-99]. Decreased
expression of miRNAs 124a, let-7a-3 and 10a
CRCs is directly related to the increased
methylation because these miRNA genes are
located near a CpG island [92]. MiIRNA-34b/c is
found to be epigenetically silenced in many colon
cancer cell lines and primary CRC tumors [100].

Conclusion

Genetic alteration in CRC tumors has been
extensively studied, and it continues to evolve.
Advances in understanding of chromatin structure,
histone modification, transcriptional activity, DNA
methylation, gene mutation have lead to an
integrated approach to the role of genetic and
epigenetics in  carcinogenesis. The deeper
understanding of the mechanisms of colorectal
cancer cell, genetfic alteration and epigenetic
phenomenon open a light attitude to define
prognosis of this common cancer.
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