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Abstract
Potential metabolic biomarkers have been developed by the

use of modern analytical techniques and nanotechnology in
metabolomics, providing insight into the pathophysiological basis
and changes, tumorigenesis, and molecular mechanisms that
underpin better therapeutic, monitoring, and prognostic evalua-
tions of colon malignancies. This would allow early detection and
characterization of malignant colon tumors and could reduce the
risk of mortality and morbidity of colorectal carcinomas. Based on
their association with certain metabolic pathways linked to malig-
nancies, a number of tumor markers have been designed. Whereas
some have been associated with only one cancer type, while others
are associated with many different forms of cancer. No tumor
marker has been found to have universal application as a
metabolism-related marker; although some are circulating tumor
markers found in blood, urine, stool, or other body fluids, others
may be found in the specific tumors themselves. This paper

addresses a number of associated metabolic changes linked to col-
orectal cancers and potential applications for disease condition
diagnosis, monitoring, treatment, and prognosis.

Introduction
Colorectal Cancer (CRC) is one of the most common cancers

worldwide, with more than one million new cases diagnosed each
year. Carcinoma of the colon and rectum is the second most com-
mon cancer in the United States, with lung cancer being the most
common. It is estimated that 130,200 new cases of colorectal can-
cer will be examined each year, with 56,300 people dying from the
disease. CRCis no longer a Western disorder today. Over the past
six decades, it was previously considered a rarity in black African;
it has dramatically increased incidence among indigenous
Africans.1CRC in countries with a previously established low inci-
dence is a growing public health issue, with rising rates. The actual
incidence of colorectal cancer and prevalence data from Africa are
believed to underestimate the burden of the disease. This underes-
timation is most likely correlated with methods of data collection,
lack of centralized processes, limited healthcare provider aware-
ness, and patient-related factors such as late presentation. The inci-
dence of CRC is growing globally, while its ranking has remained
the same between 2008 and 2012 across all forms of cancer.

In Africa, although slight regional variation in prevalence has
been noted, CRC is the fourth most common fatal malignancy.
Most cases are due to inadequate dietary habits, host immunity,
and causes such as smoking, low levels of physical activity, and
obesity in the lifestyle. As risk factors for the onset of cancer, other
gastrointestinal disorders, such as inflammatory bowel disease
characterized by chronic inflammation, mucosal disturbance and
excessive production of reactive oxygen species, function.

Much of the energy is provided by the electron transport chain
stage (32-34 ATP molecules, compared to only 2 ATP for glycoly-
sis and 2 ATP for the cancer cycle). However, cancer cells differ-
ently prioritize energy sources to facilitate their rapid growth and
proliferation. This is even more predicated when the cancer cells
proliferate.

Proliferation is a major part of the creation and growth of can-
cer. This is manifested by the altered expression and/or behavior of
proteins associated with the cell cycle. A fibrogenic response and
the development of a hypoxic environment that favors the survival
and proliferation of cancer stem cells are correlated with early
steps in tumor development. Alterations in cell metabolism may be
part of the survival strategy of cancer stem cells. The cancer cell
embodies features that allow it to survive and proliferate abnor-
mally beyond its natural life span.

The development of cancer results from the selection of muta-
tion(s) cells which provide survival and proliferative benefits. In
response to ever-changing hostile microenvironments, the hypox-
ia-inducible factors, HIF-1 and HIF-2, are upregulated, where
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reduced oxygen tension, reduced glucose concentrations and
low pH are found. Trans HIFs activate genes that promote tumor
growth by, among other functions, mediate intermediate
metabolism (glycolysis) and regulate pH.2,3

The renewed attention given to metabolic processes related to
malignant cells has steered a drive towards an understanding of
metabolic phenotyping in the histochemical pathology of cancer
tissues.1 Neoplastic cells go through a series of metabolic transfor-
mations to maintain rapid cell division, multiplication, and propa-
gation.2 The aftermath of this metamorphosis is that several and
varied metabolic phenotypes emanate in the cancer cells which are
quite dissimilar when compared with non-neoplastic cells.3 A com-
prehensive understanding of the natural science of tumour growth
would be a mirage without identifying the gamut of metabolites
and their diverse nature. This information is vital and more so that
it could also enable scientists to advance techniques for cancer care
while using these metabolites as diagnostic and prognostic mark-
ers.1,4

Colorectal carcinomas are malignant tumors of the colon.
Their growth involves production or increased production of some
metabolites and/or dysregulation/decreased production of some
other metabolites.5 These metabolites cause metabolic changes
through effects in general or specific metabolic processes occur-
ring in the body.6 The change in metabolic processes often pro-
duces deleterious effects. Estimation of the levels of the metabo-
lites could serve as prognostic markers in colorectal carcinoma.2,7

Colorectal cancer is a frequently occurring cancer in the gen-
eral population worldwide among which the sporadic subtype
forms 70%.8 As it were, colorectal carcinoma emerges gradually
via a persistent build-up of numerous mutations at varying points
occurring in oncogenes,tumorsuppressor genes, and intermediary
metabolic pathways, including normal metabolic pathways.8
Colon cells are designated with a definite outline in metabolic pro-
cesses that confer on them characteristics that distinguish malig-
nant from non-malignant tissues and delineate cancer types into
clinicopathologic physiognomies and thus, response to colorectal
cancer-related interventions.1,9

There is the need for newer non-invasive methods focused on
early detection of colorectal cancer particularly in the face of pos-
sible complications that may follow colonoscopy, which in combi-
nation with histopathology forms the current gold standard in the
diagnosis of colorectal carcinoma.4,10,11

Metabolic chemicals in colorectal cancer  
Metabolic changes in colorectal carcinomas produce deleteri-

ous effects through increased generation of metabolites outlined
above which cause inflammation, oxidative stress, angiogenesis,
and act as acute positive reactants. These features promote tumor
growth and proliferation.12-14

It has been reported that a continuum of metabolic eccentrici-
ties associated with an initial remediable CRC stage is pertinent for
a successful and timely application of molecular diagnostic and
therapeutic methodologies whose ultimate goal is to enhance quick
recovery and advance the chances of survival.4,12

Some of these metabolites include: Hypotaurine β- Alanine,
Glutamate, Kynurenine, Cysteine, 2-Aminobutyrate, Palmitoleate,
5-Oxoproline, Aspartate, Hypoxanthine, Lactate, Myristate,
Glycerol, Uracil, Putrescine,  Myo-inositol, Spermidine,
Homocysteine, 4-Aminobutyrate, Asparagine, Glycerate,
Nicotinamide, Adenosine monophosphate (AMP),  Ascorbic acid,
Glucose,  Xylose, Glycine,  Glyceraldehyde, Ornithine,

Phosphate, Laurate, Galactose, 3-Methyl-3-hydroxybutyrate,
Methiotinamide and 2-Aminoadipate.5,13

Metabolites that are reduced in concentrations are usually neg-
ative acute phase reactants and are anti-inflammatory and anti-
oxidative. These get reduced through fighting inflammatory pro-
cesses and clearing debris effects like necrosis.15

From aerobic respiratory processes to anaerobic processes in
energy production, the metabolic changes that occur early in col-
orectal carcinomas tend to produce the Warburg effect. Warburg
effect is a survival mechanism in hypoxic situations where energy
generation in highly proliferative cells shift from normal colon tis-
sues to malignant ones.6,16 Glycolysis is enhanced but with shunt-
ing of pyruvic acid to lactic acid production instead of glyceralde-
hyde-3-phosphate and dihydroxy-acetone phosphate which finally
produce more metabolic in Adenosine Triphosphate (ATP). This
will cause metabolic acidosis from lactic acid. Metabolic acidosis
milieu stimulates more cancerous cell proliferation, producing a
vicious cycle causing inflammation, necrosis, and cell death.17

Overall, a lot of increased metabolites (pro-oxidants) and
decreased metabolites (anti-oxidants) cause deleterious effects.
There is increased shunting of glycolytic intermediates from enter-
ing the tricarboxylic acid cycle to other metabolic pathways that
yield products used in Deoxyribonucleic Acid (DNA), Ribonucleic
Acid (RNA), and lipids (especially fatty acids) synthesis to meet
the needs of increased cellular proliferation.7,18 Glucose is a
reduced metabolite, and with shunting of glycolytic products to the
Cori cycle because of the Warburg effect, there is increased fatty
acids use to generate energy.7-9,19

Cancer cells develop characteristic metabolic pathways yield-
ing processes like angiogenesis with intense proliferation and
fewer energy needs. As demonstrated in the Warburg effect, when
aerobic glycolysis is augmented or amplified several events unfold
including distinguishing manifestations, transmutations, and post-
translational modification of enzymes catalyzing various metabol-
ic processes in the body.10,21 These events are due to survival pro-
cesses in the highly proliferative cancer cells resulting in cancer
growth and metastases. There is also affectation of proliferation-
promoting oncogenes with altered metabolic changes including
significantly higher levels of lactate in colorectal cancer samples
compared with non-cancer cells.4,9,10,22,23

The Kynurenine Pathway produces tryptophan catalyzed by
Indoleamine 2,3-Dioxygenase (IDO). This enzyme mediates
tumor-related immune tolerance, involved in preventing tumor
cells from immune attack.14 A substantial amplification in the
expression of the IDO gene is seen in cancerous colon tissues, in
contrast, to healthy colon tissues. High IDO expression results in
the release of higher levels of kynurenine.  Nicotinamide adeno-
sine dinucleotide is produced from tryptophan in the kynurenine
pathway. A hyper-functional kynurenine metabolism also produces
more for nicotinamide adenosine dinucleotide the electron trans-
port chain to cope with high energy demands for the fast turnover
of proliferative cancer cells.15

These distinct metabolic signature metabolite markers are
applicable in predicting response to interventions in colorectal car-
cinoma patients. There are metabolic aberrations with genetic sig-
nature shown to have occurred through mutations leading to a sus-
tained and excessive cell multiplication in colorectal carcinoma.
These metabolic adaptations show features of the Warburg effect
and other survival metabolic processes like angiogenesis and eva-
sion of immune attack that promote tumor cells proliferation and
metastases even in a hostile metabolic milieu that would have
stimulated cellular death through apoptosis and necrosis.11,12,26It
has also been reported that colonic cancerous tumor cells have

                             
Review

Non
-co

mmerc
ial

 us
e o

nly



                             [Annals of Clinical and Biomedical Research 2021; 2:134]                                       [page 57]

high amounts of lactate and other metabolites expressed by malig-
nant tissues like aspartate and taurineare richer in taurine.13,27

Increased metabolic activities in tumor cells produce Reactive
Oxygen Species (ROS). These are usually cellular metabolic prod-
ucts.  Greater levels of ROS occur in malignant tumors. Malignant
tumor tissues get transformed metabolically, and this makes them
adapt to the varied metabolic milieu, which may often occur anaer-
obically after glycolysis.14,28 There are increased glutathione pre-
cursors like cysteine and glycine.15,28,29

Application of oxidative stress biomarkers 
Oxidative stress biomarkers like ophthalmate reflect GSH

depletion through gamma-glutamylcysteine synthase activation.
Gamm-glutamyl cysteine synthase along with glutathione syn-
thetase catalyzes ophthalmate production, glutamate, glycine, and
2-aminobutyric acid. Glutathione synthetase and 2-aminobutyric
acid are markedly raised in malignant colon tissues, which sug-
gests increased ophthalmate synthase activities in colorectal cancer
tissues.16,17,30 Also increased is 2-aminobutyric acid in epithelial
ovarian carcinoma tissues compared with normal tissues of the
ovary. Other enzymes elevated in malignant colon tumors include
glutathione S transferase pi 1 (GSTP1), GSH peroxidase 1
(GPX1), GSH reductase (GSR), and gamma-glutamylcyclotrans-
ferse (GGCT) compared with non-tumor controls. Aminopeptidase
N (ANPEP) is an enzyme that is reduced in glutathione
metabolism. ANPEP facilitates the breakdown of cysteinyl glycine
to cysteine and glycine, and thus, cysteinyl glycine levels are lower
in colorectal cancer tissues when compared with those of the con-
trol tissues.18,19,31 The GSH redox cycle is also coupled with the
NADP/NADPH transformation, which is needed in enhanced syn-
thesis of fatty acids. An increased NADPH synthesis through the
pentose phosphate pathway with increased levels of 5-oxoproline,
and 2-aminobutyric acid are also seen in malignant tumors of the
colon. Increased oxidative stress is usually not only associated
with increased production of fatty acids but also the elevation of
metabolites involved in anti-oxidation processes.32 Increased fatty
acid production usually leads to the accumulation of 3-hydroxybu-
tyrate supporting the hypothesis of enhanced metabolic changes in
tumor cells.10,33,34

Metabolic alterations that occur during tumorigenesis in col-
orectal cells show an elevation in the amount and types of protein
precursors (usually amino acids) and fats in malignant tissues,
indicating that there is a higher energy requirement during high
proliferation seen in these tissues. Glucose and inositol are reduced
in neoplastic proliferation.13 Besides, the accumulation of hypox-
anthine and xanthine, and the decreased uric acid are features
showing substitution of the purine metabolic pathway by the sal-
vage pathway in CRC.13 It is also found that lipid biomolecules,
phosphates, and several amino acids levels are elevated. On the
contrary, glucose, uric acid, and inositol levels are markedly
reduced. Glutamate and proline are among the elevated amino
acids that favor the hypothesis that increased proliferative growth
of malignant tumor cells is facilitated by increased protein synthe-
sis.14,37There is increased transport of glutamine into cells for glu-
tamate production through glutaminase. This occurs at a faster rate
when compared to non-cancerous colorectal cells showing that an
increased rate of protein synthesis is vital to the survival of malig-
nant colorectal cells in these rapidly growing tumor cells.
Glutaminase is increased and this leads to elevation of glutamate
levels in malignant colonic tumor cells.15,38

An oxidoreductase is involved in purine catabolism that pro-

duces xanthine from hypoxanthine with subsequent uric acid pro-
duction. This enzyme is well expressed in gastrointestinal epithe-
lial cells. Nonetheless, this is decreased in gastrointestinal epithe-
lial cells of malignant colorectal tumors.39This is strongly correlat-
ed in the degree of expression in the size of the tumor, level of
tumor involvement, advanced stage, and risk of metastasis. This
observation is not unconnected with the fact that the salvage path-
way of purine nucleotides synthesis uses less ATP (i.e. less energy
use) compared to de novo purine nucleotides biosynthesis -
metabolic change in which colorectal neoplastic cells effectively
shunt purine bases to the salvage pathway and confers higher pro-
liferative and survival rate over non-malignant colorectal epithelial
cells.16,40

Choline and phosphocholine levels are increased in malignant
colorectal tumors. The increase is associated with new cell mem-
brane synthesis to meet the need for membrane lipids due to accel-
erated cellular proliferation. Increased choline and phosphocholine
synthesis are also correlated with increased inflammatory process-
es.17,41

Fatty acid synthesis and fatty acid synthase as a
target for tumor control

Fatty acid synthesis through generating metabolic processes
produce building blocks used in cellular membranes synthesis
required to meet fast growth turnover of malignant colorectal
tumor cells which are also mainly used in membrane lipid compo-
sition, like choline and phosphocholine.18,42 The enzyme, Fatty
Acid Synthase (FAS), involved in lipid synthesis, is highly
expressed in malignant colon tumors and it has been observed that
inhibition of FAS is associated with decreased angiogenesis in
malignant colon tumors and metastatic processes to other organs
like the lungs and liver indicating that inhibiting FAS may be a
therapy target in the management of cancers of the colon.43

The field of metabolomics is showing differences between
non-malignant and malignant tissues through pathophysiological
knowledge of tumor growth.19,44 This involves metabolomics pro-
filing and changes seen in healthy control persons correlated with
diseased cases/patients. Some metabolic profiling and changes are
influenced by environmental factors and biological alterations
including diet, lifestyle, medications, and chronic diseases.45 The
use of modern analytical techniques and nanotechnology in
metabolomics has produced potential metabolomics biomarkers,
giving insight into the pathophysiological basis and changes,
tumorigenesis, and molecular mechanisms that underpin better
therapeutic, monitoring, and prognostic evaluations of malignant
tumors of the colon.46 Thus, enabling early detections and charac-
terization of malignant colon tumors to reduce mortality and mor-
bidity rates.31

Leucine, isoleucine, and glutathione are elevated in all stages
of colorectal carcinomas. Neoplastic transformations and prolifer-
ation of colon tissues are affected by biological, chemical, and
environmental exposure changes, more studies are needed in this
field.34,47

Distinct metabolic markers are increasingly being evaluated
for colorectal carcinomas and used in diagnosis, chemotherapy,
monitoring, and prognosis in the management of colorectal carci-
noma.11,35 There are metabolic aberrations at the points where
genes are expressed that indicate alterations in the metabolism of
colorectal cancer cells showing features beyond the Warburg effect
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that addresses only the amplified energy demand via an ideal gly-
colytic process, in providing support to the increased needs of
energy, macromolecular precursors, and in redox balance home-
ostasis in the presence of intense oxidative stress.12,36

Early markers for colorectal carcinoma
Tumor markers, also known as biomarkers, are chemical com-

pounds produced by cancer cells or other cells in the body when
they are exposed to cancer. Colorectal cancer tumor markers can
be found in the blood. A blood test is used to determine whether
they are present in the tumor tissue or not. They are usually can-
cer-related proteins that can be clinically useful in cancer patients.
A high tumor marker level indicates that cancer may be present in
the body, but a high tumor marker level alone does not indicate a
diagnosis.Several colorectal cancer markers have been identified
and are accepted in standard clinical practice, namely tissue
polypeptide specific antigen (TPS), tumor-associated glycopro-
tein-72 (TAG-72) and hematopoietic growth factors (HGF-
s).48Examples of markers found in the blood are carcinoembryonic
antigen (CEA), carbohydrate antigen (CA 19.90), Chromosome
18q loss of heterozygosity(18qLOH). However,MSI (microsatel-
lite instability), K-RAS and BRAF mutations are examples of
Tumor Markers Found in Tumor Tissue.

Tumor markers found in the blood
Carcinoembryonic antigen (CEA) levels

CarcinoembryonicAntigen (CEA) is a protein usually present
in the blood of adults at very low levels. A glycoprotein oncofetal
antigen is a Carcinoembryonic Antigen (CEA) that is expressed in
many epithelial tumors. This relatively cheap blood testwas part of
the most recommendedsurveillance strategies.49 CEA is a glyco-
protein which is produced in the big bowel cells. During diagnosis,
seventy percent of CRC patients have elevated levels of CEA,
which makes it a very good predictor for disease management and
monitoring after resection. In some kinds of cancer and non-can-
cerous (benign) conditions, the CEA blood level may be increased.
A CEA test is most commonly used for colorectal cancer. CEA is
not something that a doctor orders on a daily basis. It is completed
if the doctor suspects cancer or if the aim is to determine if cancer
treatment is effective. In other cases, a CEA test is recommended
by the doctor to determine whether a recurrence of cancer has
occurred.

While CEA is generally considered a marker of cancer, in a
number of benign conditions, including hepatitis, pancreatitis,
obstructive pulmonary disease and inflammatory bowel disease, its
concentrations may also be elevated. According to generally
accepted units of measurement, blood antigen levels of up to 5
ng/mL are considered natural. These values have been shown to be
increased by up to 10 ng/ml in smokers in cases of ulcerativecolitis
or liver cirrhosis.50In colorectal cancer, this tumor marker is the
most widely used. It can be tested to predict prognosis prior to
surgery, used during therapy to determine response to treatment, or
to monitor for recurrence after completion of therapy.

The use of CEA is not always one hundred percent correct.
This is because a number of reports have shown impact of
metabolic factors including obesity, insulin resistance,

glucose.intolerance, hypertension, and dyslipidemia, and is associ-
ated with high morbidity and mortality.51,52As a causal risk factor
for cardiovascular disease and several types of cancer, such as
breast, pancreatic and colon cancers, metabolic syndrome has also
been reported.53,54

One recent study indicated that obesity was associated with
lower levels of CEA,55 which in the CEA test may result in loss of
sensitivity and diagnostic accuracy. Therefore, due in part to their
association with obesity, interrelationships between CEA levels
and the individual component of metabolic syndrome may exist.
The relationship between an individual and the combined compo-
nents of metabolic syndrome and the degree of CEA is currently
unknown.

Depending on the performing laboratory, the lower limit of
normal varies but usually ranges from 2.5 to 5 ng/mL. In more than
87% and < 5 ng/mL, serum CEA was < 2.5 ng/mL in more than 95
percent of 1,020 subjects attending primary prevention clinics.56 In
smokers and patients with inflammatory conditions, elevated CEA
levels are more normal, but rarely exceed 10 ng/mL.57,58 In a num-
ber of other carcinomas, including lung, breast, gastrointestinal
and gynecologic cancers, the test may also be elevated.59

CEA’s sensitivity and specificity depends on the type
immunoassay used.the patient population studied, and the per-
forming facility.60 In early colon cancer patients, the sensitivity of
CEA is low and increases with the growing stage of the
disease.Fletcher61 recorded that sensitivity was 36 percent with a
specificity of 87 percent for a CEA > 2.5 ng/mL in patients with
stage I and II disease, after reviewing the sensitivity and specificity
of the CEA test at different stages of the disease. At similar CEA
stages, the sensitivity for stage III and IV diseases was 74 percent
and 83 percent, respectively.61

The specificity of elevated CEA cut-points increased while the
responsiveness decreased (5 ng and 10 ng). This test is unsuitable
for primary colorectal cancer screening due to its low reliability in
early colorectal cancer and its imperfect specificity in the general
population. It is normal to expect a higher risk of relapse in
patients with an elevated preoperative CEA level, given the posi-
tive correlation between elevated CEA and the stage of colorectal
cancer at initial presentation. This then makes a good prognostic
marker for CEA.

Carbohydrate Antigen (CA19-9)
Carbohydrate Antigen (CA19-9) is a cancer antigen that often

detects elevated serum levels in the case of colorectal cancer. This
test tests the volume in the blood of a protein named CA 19-9 (can-
cer 19-9 antigen). CA19-9 is a type of marker for tumors. In
response to cancer in the body, tumor markers are substances made
by cancer cells or by normal cells. In the blood of healthy people
CA 19-9 levels are low. High levels of CA 19-9 are often a sign of
pancreatic cancer. But occasionally, other forms of cancer or some
noncancerous conditions, including cirrhosis and gallstones, can
be indicated by elevated levels.

It is a tumor marker that is observed for metastatic colon can-
cer at elevated serum concentrations. In clinical practice, CEA and
CA19-9 are used, but we have to acknowledge the fact that they
are not unique to early colon cancer detection, which means that
they cannot be used in the diagnosis of in situ carcinoma.62

The serum level of CA19-9 in these patients is poorly under-
stood, raising concerns about colorectal carcinoma progression
and relapse. However, some studies have found serum CA19-9
measurement to be useful,63-65 while others have found it to be
ineffective,66-68 and CA19-9 measurement is not recommended.
Kawamura et al.69 concluded that the measurement of serum
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CA19-9 should be omitted regardless of clinical setting if the result
of the first measurement of serum CA19-9 was less than the lower
limit. Even though CA19-9 synthesis has increased in a certain
group of patients with colorectal carcinoma, particularly those with
advanced disease, Kawamura et al.69showed that serum CA19-9
leveled remained below the measurable limit, regardless of the
stage of diagnosis, progression and recurrence. Whereas CA 19-9
is a tumor marker expressed in colorectal cancers, it has also been
shown to be of significant prognostic value, especially in advanced
cases.

Chromosome 18q loss of heterozygosity (18qLOH)
This is often applied in patients with stage II or III colorectal

cancer; can influences prognosis. CRC is the result of the progres-
sive accumulation of multiple genetic and epigenetic aberrations
within the cells. CRC is a chronic group and the genetic makeup of
the malignancies ascertain their prognosis and response to targeted
therapies. Relatively early diagnosis and appropriate therapeutic
strategies based on current understanding of the molecular charac-
teristics of CRC are important for the proper treatment of CRC.

Like several other solid tumors, CRC is a heterogeneous disor-
der in which multiple subtypes can be differentiated by their par-
ticular clinical and/or molecular characteristics. Most sporadic
CRCs (~85%) have chromosomal instability (CIN), with variations
in the number and structure of chromosomes.70,71 These modifica-
tions include chromosomal segment gains or losses, chromosomal
rearrangements and heterozygosity loss (LOH), resulting in varia-
tions in the number of gene copies (CNVs).69-71

Colorectal cancer is the second most common cancer in a num-
ber of Western countries. Outcome among these patients is often
poor, with an average 5-year relative survival rate of around
50%.72

In the late carcinogenic phase, allelic loss at chromosome 18q
is observed in approximately 70 percent of primary CRC73-78 and
is regarded as a weak prognosis marker for viability in CRC
patients.79 In CRC, Loss Of Heterozygosity (LOH) on chromo-
some 18q is common and has also been linked to an increased risk
of poor prognosis in stage II tumors.

Allelic loss (Loss Of Heterozygosity, LOH) in the long arm of
chromosome 18 can be detected in approximately 60–70 percent of
cases of colorectal cancer. The most frequent area of loss is where
the candidate tumor suppressor genes MADR2, DPC4, and DCC
are known to reside.80,81 The area has not been fully examined and
it is believed that other tumor suppressor genes are likely to be
found there in the near future.82

The existence of candidate tumor suppressor genes whose
inactivation may play a significant role in CRC is indicated by the
high frequency of allelic deletions involving chromosome 18q.80-

83 DCC, which encodes a portion of the neutrin-1 receptor in the
18q21.2 chromosome band, was proposed as a putative tumor-sup-
pressor gene.80

Chang et al.84 examined the prognostic importance and fre-
quency of LOH near regions containing essential genes in the
development of colorectal cancer at 14 genetic locations. In 78.8
percent of the tumors, LOH occurred in one such genetic locus.
Tumor suppressor gene locus [TP53.alu (65%), DCC (64.3%),
D8S254 (51.7%) and APC (47.8%)] were determined as regions
observed at the highest frequency of LOH.84 It has also been found
that high-frequency LOH correlates with the high metastatic risk
of colorectal cancers. The association between LOH in regions

where APC and DCC genes are located and micro metastasis in per
colonic lymph nodes has also been studied in another study83 and
no correlation has been found.

Tumor markers found in tumor tissue
Microsatellite Instability (MSI)

According to Iacopetta et al.85 approximately 20 percent of
right-sided colon cancers and 5 percent of left-sided colon and rec-
tal cancers have a deficient DNA mismatch repair system. This
results in the widespread accumulation of mutations to nucleotide
repeats, some of which occur within the coding regions of cancer-
related genes such as TGFβRII and BAX. A standardized defini-
tion for Microsatellite Instability (MSI) based on the presence of
deletions to mononucleotide repeats is gaining widespread accep-
tance in both research and the clinic.85CRCwith MSI characterized
histologically by an abundance of tumor-infiltrating lymphocytes,
poor differentiation and a signet ring or mucinous phenotype.

Tiny tandem repetitive DNA sequences found in the genome
are microsatellites. MIN is caused by the failure of the DNA mis-
match repair system. This can result in microsatellite growth,
shrinkage, deletion, and random insertion.86

In both cancer initiation and progression, genomic and MSI
play critical roles. This instability can be genetically expressed at
many different stages, ranging from basic sequence changes of
Deoxyribonucleic Acid (DNA) to structural and numerical anoma-
lies at the chromosomal level. Although it is a well-established
molecular marker for Lynch syndrome patients, MSI has only been
slowly recognized as a clinically relevant feature of tumor
biology.87

One of the common properties of colorectal cancer is genetic
instability. In colorectal cancer, three major types of genetic insta-
bility were identified.80,88 Due to differences in DNA mismatch
repair genes, microsatellite instability occurs, while Chromosomal
Instability (CIN) is characterized by significant chromosomal
changes arising in cell division and typically includes mutations of
β-catenin and Adenomatous Polyposis Coli protein (APC). 

It is well known that tumors with microsatellite instability con-
tain more mutations than other tumors. Tumors of chromosomal
instability and microsatellite instability were primarily regarded as
similarly special since tumors of microsatellite instability typically
have constant and diploid karyotypes.89,90 Trautmannet al.91 found
that about 50 percent of tumors with inherited MSI-Hhave similar
chromosomal aberration levels.

Several methods are well known to identify tumors with MSI
and are being used as a clinical diagnostic tool. MSI-specific
microsatellite repeats are observed by PCR amplification. MSI can
also be identified by methods of gene expression analysis. MMR
protein immunohistochemical analysis has become a common
method for the identification of MSI in diagnostic centers and as
an alternative to Lynch syndrome genetic testing.92Tumors that
may benefit from immunotherapy have been identified in patients
with high Microsatellite Instability (MSI-H)/Mismatch Repair
Deficiency (dMMR) and MSI can be used as a genetic instability
of a tumor detection index.

K-RAS and BRAF mutations
Clinical trials have shown that not all EGFR overexpression

patients respond to the aforementioned monoclonal antibodies.
This resistance is partly caused by mutations in oncogenes coding
for the downstream proteins. The anti-EGFR monoclonal antibod-
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ies show the strongest response in CRCC when the downstream
effectors of EGFR signaling, KRAS, BRAF PI3K, and PTEN, are
all unmutated (quadruple negative).

KRAS and BRAF are part of a pathway called MAP kinase
(MAPK). Cell proliferation, differentiation, senescence, and apop-
tosis are regulated via the RAS/RAF/MAPK pathway. HRAS,
NRAS, and KRAS are included as RAS oncogenes. In CRC,
KRAS is the most often mutated RAS family member and is
mutated in 40% of sporadic CRCs.

Weinberg93 postulated that the pathway (or adenoma-carcino-
ma sequence) of Chromosomal Instability (CIN) follows a pre-
dictable progression of genetic and corresponding histologic
changes. The genomic changes include proto-oncogene (K-Ras)
activation and inactivation of at least three genes for tumor sup-
pression, namely, loss of APC (chromosome region 5q21), loss of
p53 (chromosome region 17p13), and loss of heterozygosity in the
long arm of chromosome 18 (18q LOH).

KRAS is mutated in about 50 percent of colorectal tumors, and
changes in this small GTP-binding protein occur almost uniformly
as activating point mutations in codons 12, 13, and, to a lesser
degree, 61. Specific mutations in the K-RAS gene will predict
whether treatment with many biologic therapies is likely to help a
patient or not.

In some clinical trials, KRAS has been explicitly targeted, with
negligible activity seen so far. BRAF is a member of the
serine/threonine kinase RAF family and mediates cellular respons-
es through the RAS-RAF-MAP kinase pathway to growth signals.
Approximately 10 percent of sporadic CRC have recently been
found to activate mutations in BRAF and are rare in familial Lynch
syndrome CRC. In 4 per cent of MSI-low and 40 per cent of MSI-
high tumors, BRAF mutations were identified.94 BRAF mutations
are typically associated with a V600E mutation and can predict
prognosis after diagnosis of colorectal cancer.

Cancer metabolism refers to the changes in cellular
metabolism pathways that are visible in cancer cells compared
with most normal tissue cells. Metabolic alterations in cancer cells
are numerous and include aerobic glycolysis, reduced oxidative
phosphorylation and the increased generation of biosynthetic inter-
mediates needed for cell growth and proliferation.

Conclusions
Extensive research on tumor markers for cancer diagnosis and

control has encouraged increased interest in applying the practice
of diagnostic immunopathology in oncology. They are essentially
biochemical tumor presence markers that are selectively generated
by neoplastic tissue and released into the blood or other body flu-
ids; hence, the role of cellular metabolic changes is imperative in
the production of a tumor marker.

For the early diagnosis of colorectal cancer, the identification
of tumor markers is valuable; therefore, an ideal tumor marker will
be required to have high cancer sensitivity and specificity and sat-
isfy certain requirements. However, the sensitivity of tumor mark-
ers to detect early cancer is particularly low, and many tumor
markers typically have a high false positive rate of CRC. In addi-
tion, single markers are less expensive, but combinations of mark-
ers, which may be better alternatives, increase the cost, which is
troubling for clinics.

Lastly, provided that metabolic changes in colorectal carcino-
ma result in metabolite production. Some metabolic profiling and
modifications are affected by environmental influences and bio-
logical alterations including diet, lifestyle, drugs and chronic dis-
eases. Modifiable risk factors may also become priorities for better
risk mitigation.
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