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INTRODUCTION  
 
Colorectal cancer (CRC) is the third leading
death worldwide, with 2.2 mil- lion new cases and 1.1 million 
deaths expected in the next ten year (65). It affects 746,000 
males (or 10% of all cancer cases) and 614,000
9.2% of all cancer cases) (21). The majorities of colorectal 
cancers are sporadic and are defined 
carcinogenesis process that entails the gradual accumulation of 
mutations over a 10 to 15 year period 
evolution interval allows for effective screening,
identification, and excision of premalignant lesions
resulting in lower incidence and death (
possibility of early detection, 20–25% of
identified at stage IV, when patients have already
distant metastases and have a 5-year survival 
10%. Regardless of all advancements in detection and 
treatment, CRC continues to be a serious public health problem 
globally, particularly in emerging nations 
lifestyle and an ageing population (5). The majority of 
cases start with adenomatous polyps, which are precursor
lesions (37).  
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ABSTRACT  

Colorectal cancer (CRC) is the most common gastric intestinal malignancies and remain
causing cancer worldwide. Although recent advancements in surgical and multimodal treatments, 
overall survival rates for advanced CRC patients remain poor. Molecular

been shown to contribute to phenotypic alterations favoring cancer include: gene mutation, 
angiogenesis, development of benign lesion, enhanced carcinoma proliferation.

 role in the onset and progression of cancer (carcinogenesis). 
detected in blood, stool and tissue samples to allow pathological diseases

identified. As a result, finding accurate and useful molecular biomarkers to help in the diagnosis a
treatment of CRC would be advantageous. This review is based on the 
published research papers related to different  biomarkers that are used

 also take a quick glimpse into the future. 
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Biomarkers are commonly believed to enhance the accuracy of 
CRC diagnosis. There are several
diagnosis. Changes in biomarker
used to help diagnose CRC. Some
and CEA, are now being utilized
aids. Scientists are still looking for the “perfect” biomarker to 
achieve the highest level of accuracy in 
assessment might potentially be 
the molecular level. The quest for r
first indication of cancer risk in those who haven’t been 
diagnosed with the illness is known as risk assessment. 
Biomarkers that indicate risk generally
aggressive treatments and monitoring.
positive for any risk marker become
candidates. Inherited genetic abnormalities are most likely the 
first risk factors, as proven in the case of CRC. A 
biomarker should be simple
specific and sensitive, dependable, and
also be able to distinguish between
identify individuals who require
(endoscopic and radiologic investigations). These objectives 
should ideally be accomplished via a 
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Biomarkers are commonly believed to enhance the accuracy of 
CRC diagnosis. There are several biomarkers for CRC 

biomarker expression levels might be 
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utilized in clinical trials as diagnostic 
aids. Scientists are still looking for the “perfect” biomarker to 
achieve the highest level of accuracy in CRC diagnosis. Risk 
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the molecular level. The quest for risk variables that offer the 
first indication of cancer risk in those who haven’t been 
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become intervention or surveillance 
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approach based on readily available biological samples such as 
urine, breath, serum, or faeces (54).  This review seeks to give 
an overview of recent advancements in the quest for CRC 
biomarkers that might be used in clinical settings to identify 
the disease. 
 
Diagnostic Biomarkers 
 
Blood Biomarkers 
 
Carinoembryonic antigen (CEA): CRC-specific antigens in 
blood have been identified after extensive investigation. CEA 
and carbohydrate antigen 19-9 (CA19-9) are the only blood-
based biomarkers available to monitor CRC patients. CEA is a 
glycoprotein with a high molecular weight that is present in 
embryonic tissue and colorectal cancers. It was developed in 
1965 and is now the only tumour marker that may be used to 
track CRC recurrence. CEA levels over a certain threshold are 
thought to be a poor prognostic indicator for resectable CRC 
and are linked to cancer development (47). The sensitivity of 
this marker rises with tumour stage (34). Because high levels 
may be found in certain patients or in advanced illness, CEA 
for CRC has not been included as a viable screening tool. CA 
19-9, on the other hand, is more selective and less sensitive in 
CRC, with an emphasis on pancreatic cancers (47). CEA, CA 
19-9, CA 72-4, CA 125, and serum ferritin were compared to 
preoperative levels as well as pathological parameters in 279 
CRC diagnosed patients in a recent research (34), and it was 
shown that utilizing all four markers combined is more 
effective than using just one. This combination might also be 
utilized to predict vascular invasion, tumour differentiation, 
and pTNM staging in CRC, as well as lymph node spread and 
brain invasion. Tissue polypeptide-specific antigen (TPS) and 
tissue polypeptide antigen (TPA), which are correlated with 
cytokeratins 8, 18, and 19 and in combination with CEA have a 
higher sensitivity in CRC patients’ recurrence disease (64). 
 
Circulating DNA: Circulating cell-free DNA (cfDNA) is a 
kind of cell-free nucleic acid that enters the circulation by 
apoptosis or necrosis in normal and malignant cells (36). The 
lengths of cfDNA strands vary depending on how they are 
produced. The cfDNA is released from apoptotic cells in 
healthy people, and the DNA fragments are roughly 180 bp 
length. Necrosis, on the other hand, releases cfDNA as much 
bigger pieces in tumour cells (36). As a consequence, 
quantitative examination of circulating cfDNAs using the ratio 
of longer to shorter DNA fragments, or assessing cfDNA 
integrity number during CRC diagnosis, yielded encouraging 
findings. The sensitivity and specificity of the qualitative PCR 
technique for determining cfDNA integrity were 73.08% and 
97.27%, respectively (28). Later reported that cfDNA integrity 
was evaluated using an RT-PCR reaction with a sensitivity of 
90% and specificity of 85% (20). Healthy people and CRC 
patients have different levels of cfDNA. CRC patients had 
serum cfDNA concentrations that were five times higher and 
plasma cfDNA concentrations that were 25 to 50 times higher 
than healthy controls (54). When released from apoptotic 
tumour cells, cfDNA fragments range in length from 185 to 
200 bp, prompting the development of a novel potential 
biomarker based on the tiny fragments of cfDNA. A recent 
study of 4,105 individuals who had colonoscopy for varied 
reasons corroborated this. When comparing patients with colon 
cancers to native subjects, blood samples were taken and cell-
free circulating nucleosomes containing a variety of epigenetic 

signals were examined, resulting in promising prediction models 
for CRC early detection (55) (58). 
 

• Genetic Alterations in cfDNA: The APC gene was the subject 
of early studies on point mutations in cfDNA (18). It was 
discovered that 8% of APC gene segments are altered, and that 
cfDNA detection was sensitive enough to detect remaining 
illness after surgical resection (18). Serum detection rates for 
the genes APC, KRAS, and TP53 were 30.4%, 34.0%, and 
34.2%, respectively, according to another research (68). 

•  
APC: Adenomatous polyposis coli (APC) is a suppressor gene 
discovered in familial adenomatous polyposis (FAP) via 
genetic linkage research. Most spontaneous CRCs are also 
caused by mutated APC (41). APC inhibits the WNT signaling 
pathway and controls a variety of cell functions including 
motility and adhesion, transcriptional activation, and apoptosis 
(56). APC depletion is seen in 70% to 80% of individuals with 
CRC(38). A meta- analysis was conducted to look at the links 
between three APC polymorphisms (D1822V, E1317Q, and 
I1307K) with the risk of CRC (44). The findings revealed a 
weak link between E1317Q and the risk of CRC, particularly in 
adenomas. I1307K-variant carriers in Ashkenazi Jews had a 
substantially higher risk of CRC than I1307K wild-type 
carriers. There was no indication of heterogeneity across 
studies in this meta-analysis; however, all of the included 
investigations were case-control studies with a high risk of 
recall and selection     bias (44). 
 
KRAS: The mutational status of the genes KRAS deserves 
extra attention in CRC because they might significantly 
influence the patient’s response to anti-EGFR (Epidermal 
growth factor receptor) treatments, with somatic KRAS 
mutations accounting for 40% of cases. These mutations may 
be detected using a variety of molecular assays, with limits of 
detection ranging from 10–20% mutant allele for Sanger 
sequencing, approximately 5% for pyrosequencing and high-
resolution melt (HRM) curve analysis, to 1–5% for qPCR 
assays. While direct sequencing remains the gold standard for 
detecting KRAS mutations, it is not widely used due to its 
inconvenient nature and lack of sensitivity (57). 
 
Long noncoding RNAs: Long noncoding RNAs (lncRNAs), 
which are made up of more than 200 nucleotides but cannot be 
translated into protein, have been linked to epigenetic control, 
immunological responses, differentiation, and chromosomal 
dynamics (46). More than 150 human diseases have been 
linked to lncRNAs thus far, including colon cancer, breast 
cancer, leukemia, and psoriasis (12). Single or panel lncRNAs 
have been used in studies to test their diagnostic potential for 
CRC. The expression of circulating lncRNAs as a possible 
noninvasive diagnostic biomarker in CRC has received very little 
attention. Colorectal neoplasia differentially expressed-h 
(CRNDE-h) transcript expression was substantially increased in 
one study compared to healthy controls, with a sensitivity of 
87% and specificity of 93% for diagnosing CRC (27). The 
combination of Combinatorial Code Analysis Tool (CCAT) and 
HOX transcript antisense RNA (HOTAIR) was examined in the 
other study. When compared to healthy controls, both lncRNAs 
were shown to be substantially elevated in CRC patients’ 
plasma. With a sensitivity of 84.3% and specificity of 80.2%, 
the combination was shown to be more diagnostically useful. 
Furthermore, this combination proved efficient in detecting CRC 
at an early stage 4 (85%) (76). Serum hypoxia-inducible factor 
(HIF) 1alpha-antisense RNA 1 (HIF1A-AS1) was substantially 
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higher in 151 CRC patients compared to 160 healthy controls, 
and had a strong diagnostic capacity for CRC, with an AUC of 
0.960 (95% CI, 0.940–0.980; P 0.001). Patients with high 
HIF1A-AS1 expression had a worse 5 years survival rate than 
those with low expression, suggesting that HIF1A-AS1 might 
be utilized as a diagnostic and prognostic biomarker for CRC 
(25). 
 
Microsatellite: Microsatellites are DNA sequences that are 
repeated every 1–6 bp in coding and noncoding regions. 
Microsatellite instability (MSI) is the loss or insertion of 
microsatellite units, which results in cancer-related changes. 
MSI is seen in 15% of CRCs and is linked to DNA mismatch 
repair gene abnormalities. MSI has been linked to hereditary 
nonpolyposis CRC, despite the fact that most tumours with a 
high MSI level are sporadic (11). Most clinical laboratories 
now employ a panel of five mononucleotide markers (Bat-25, 
Bat- 26, NR-21, NR-24, and MONO-27) to identify MSI. MSI 
(also known as MSI-high) is defined as having more than 30% 
of unstable loci in a panel of mononucleotide and dinucleotide 
markers; MSI-low tumours have 10–29% of unstable loci in the 
panel. The absence of MMR protein expression in tumour 
tissue is frequently utilized as a surrogate test for MSI. 
Sporadic MSI CRC tumours are mainly seen in the proximal 
colon, show mucinous or signet ring histology, are poorly 
differentiated, have a high number of tumour infiltrating 
lymphocytes, and contain BRAF mutations (26). 
 
BRAF: The immediate downstream effector of KRAS in the 
Ras/Raf/MAPK signaling pathway is BRAF, a serine/threonine 
kinase from the RAF gene family. BRAF gene mutations have 
been linked to the formation of CRC, and they are seen in 40–
50% of sporadic MSI-high CRC (26). BRAF mutation status is 
a highly effective diagnostic tool for distinguishing between 
familial and sporadic CRC since they are missing in Lynch 
syndrome patients. The most frequent mutation found (V600E) 
is a missense mutation that causes a valine to glutamic acid 
change. In colorectal cancers, mutations in KRAS and BRAF 
are usually mutually exclusive (22). 
 
Proteins: While CEA and CA19-9 have little diagnostic 
potential in CRC, other proteins have been investigated. 
Recently, 43 proteins were examined for their ability to 
differentiate between CRC patients and healthy people, with 
some encouraging results. MAPKAPK3 and ACVR2B showed 
83.3% sensitivity and 73.9% specificity, making them the most 
reliable biomarkers to date. TIMP-1 was also evaluated as a 
single marker protein with a sensitivity of 42- 65% and a 
specificity of 95% (32)(7). Proteomic study of structural 
proteins found three more colon-specific antigens, CCSA-2, 
CCSA-3, and CCSA-4. As CRC diagnostic biomarkers, these 
proteins have shown to be extremely promising. The matrix 
metalloproteinase 9, S100A8, and S100A9 (26) have also been 
studied as potential diagnostic indicators.  When compared to 
uninvolved epithelium, cyclin D1 protein expression was 
shown to be higher in 30–45% of CRCs in many investigations. 
In addition, cyclin D1 protein expression was found to be 
elevated in 34% of adenomatous polyps. Immunological tests 
are used to assess cytokine D1 levels in the blood(61). 
 
TP53: As p53 mutations are the most often seen mutations in 
many forms of cancer, the tumour protein (TP)53 gene is the 
most extensively utilized tumour biomarker in diagnosing a 
possible tumour. Furthermore, most anti-p53 autoantibodies 
are generated in response to a p53 mutation (43).  

The p53 gene produces a protein product called p53 nuclear 
phosphoprotein in healthy cells. Anti-p53 antibodies, in 
contrast to p53 protein, are seldom seen in healthy people’s 
blood (73). Due of the enhanced stability and half-life (several 
hours) of mutated p53 as compared to wild type p53 (20 
minutes), nonfunctional protein accumulates (73). 
 
RNAs in circulation: MicroRNAs (miRNAs) are tiny 
noncoding RNAs that control gene expression by binding to 
mRNA. They are 18–25 bp length. Many malignancies, 
including CRC, are thought to be linked to miRNAs, which 
function as oncogenes or tumour suppressor genes (TSGs)(50). 
MiRNAs have greater blood stability than mRNA because they 
are not degraded by endogenous RNase and are resistant to 
severe pH fluctuations. There is mounting evidence that 
alterations in miRNAs are linked to carcinogenesis and tumour 
progression (17). As a result, miRNAs might be useful 
biomarkers for early cancer diagnosis and therapeutic response 
prediction (65). Single or panels of miRNA have been used in 
studies to test their diagnostic potential for CRC. In one 
research a 69-gene miRNA signature panel in plasma was 
shown to be able to distinguish between CRC and healthy 
individuals (13). A panel of eight miRNAs (miR-532-3p, miR-
331, miR-331, miR195, miR-17, miR142-3p, miR15b, miR532, 
and miR-652) was shown to reliably identify polyps in a small 
research (39).Another study found that a three-miRNA panel 
(miRNA 193a-3p, miR23a, and miR-338-5p) has 80 percent 
sensitivity, 84.4 percent specificity, and 83.3 percent accuracy 
in detecting CRC (74). 
 
MiRNA isolated from CRC patients’ serum or plasma is 
profiled first, and then verified using Real-time polymerase 
chain reaction (RT-qPCR). MiR-601 and miR-760 were 
validated on 90 CRC samples, 43 advanced adenoma (AA) 
samples, and 58 healthy controls after profiling of 742 miRNA 
on CRC samples and healthy controls (Table 1). With a 
sensitivity of 83.3% and a specificity of 69.1%, both miRNAs 
exhibited decreased expression in CRC and AA samples 
compared to healthy controls (70). Another study profiled 743 
miRNA in CRC, AA, and healthy control samples, and then 
validated the results using 42 CRC, 40 AA, and 53 healthy 
control samples. With a sensitivity of 78.6% and specificity of 
79.3%, a panel of six miRNA (miR-15b, miR-18a, miR-19a, 
miR-19b, miR-29a, and miR-335) was effectively 
differentiated between CRC samples and healthy controls. 
Furthermore, miR-18a had a sensitivity of 80% and a specificity 
of 80% in distinguishing between AA samples and healthy 
controls (24). Following the profiling of 380 miRNAs, another 
group proposed an study of eight-miRNA panel (miR-15b, 
miR-17, miR-142-3p, miR-195, miR-331, miR-532-5p, miR- 
532-3p, and miR-652) that was conformed on a cohort of 45 
CRC, 16 AA, and 26 healthy individuals, and found to separate 
between AA and controls with a sensitivity of 88% and 
specificity of 64%. Different groups of miRNA with their 
sensitivity and specificity is given in table 1. The same group 
suggested a three panel miRNA (miR-431, miR-15b, and miR-
139-3p) that has a sensitivity of 93% and a specificity of 74% in 
distinguishing between stage IV CRC and control samples 
(39). With a sensitivity of 90% and specificity of 95%, 
validated a set of fifteen miRNA, of which nine (miR-7, miR-
17-3p, miR-20a, miR-21, miR- 92a, miR-183, miR-196a, and 
miR-214) were up regulated and six (miR-124, miR-127-3p, 
miR-138, miR-143, miR-146a, and miR-222) (1)(23). 
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Table 1.  Different groups of miRNA with their sensitivity and 
specificity 

 
miRNA Sensitivity Specificity 
miR-601 ↓, miR-760 ↓ 83.3% 69.1% 
miR-15b ↑, miR-18a ↑, miR-19a ↑, miR-19b ↑, 
miR-29a ↑, miR-335 ↑ 

78.6% 79.3% 

miR-15b ↑, miR-17 ↑, miR-142-3p ↑, miR-195 
↑, 
miR-331 ↑, miR-532-5p ↑, miR-532-3p ↑, miR-
652 ↑ 

88% 64% 

miR-431 ↑, miR-15b ↑, miR-139-3p ↓ 93% 74% 
miR-7 ↑, miR-17-3p ↑, miR-20a ↑, miR-21 ↑, 
miR-92a ↑, 
miR-183 ↑, miR-196a ↑, miR-214 ↑, miR-124 ↓, 
miR-127-3p ↓, miR-138 ↓, miR-143 ↓, miR-
146a ↓, miR-222 ↓ 

 
90% 

 
95% 

miR-29a ↑, miR-92a ↑ 83% 84.7% 
miR-21 ↑, miR-92a ↑ 68% 91.2% 
miR-221 ↑ 86% 41% 

 
Stool biomarkers 

 
DNA test: There has been a lot of research towards detecting 
CRC-specific DNA markers in faeces. Because these indicators 
are generated directly from tumour cells, they should have a 
better specificity. Human DNA accounts for less than 0.01% of 
total DNA in the faeces, with the remaining 99.99% coming 
from gut microbes or the food. As a result, identifying 
methylation or altered human DNA in the faeces is an essential 
diagnostic method for CRC (19). Recent study showed that a 
multitarget stool DNA test has greater sensitivity for the 
identification of advanced adenomas (42.4%) and CRC 
(92.3%) than FITs in a large trial with 9989 individuals (35). 
The screening capability of a multitarget stool test that 
identified KRAS mutations, methylation of NDRG4 and 
BMP3, measurement of actin as a reference gene for DNA 
amount, and immunochemical detection of haemoglobin was 
investigated in this cross-sectional research. Although this 
panel found more false positives than FITs, the screening 
utility of this test is promising since it detected polyps, 
including serrated adenomas, with high-grade dysplasia at a 
greater rate than FITs. Serrated adenomas are precursor lesions 
to serrated adenocarcinomas, a kind of colorectal cancer that 
makes up around 10% of all CRCs. BRAF mutations, MLH1 
methylation, and CIMP are all linked to serrated 
adenocarcinomas (49). 
 
Immunochemical Test: Using globin-specific antibodies, the 
Fecal Immunochemical Test (FIT) identifies human 
haemoglobin (2). When compared to guaiac based fecal occult 
blood test (gFOBT), FIT offers a few advantages, including the 
fact that it does not need any dietary restrictions and only takes 
one stool sample instead of three. Furthermore, it allows for 
both qualitative and quantitative findings to be obtained. FIT 
has a greater adherence rate and enables for improved 
identification of advanced adenomas (31), with sensitivity for 
CRC ranging from 69-100% and a specificity of 92-96% (64). 
The results on sensitivity and sensibility are contradictory. 
According to a research con- ducted, CRC detection accuracy 
was 95%, with a 79% sensitivity and a 94% specificity (42). A 
meta-analysis using colonoscopy as the reference diagnostic 
technique, on the other hand, found that FIT’s CRC sensitivity 
and specificity are between 71% and 94% (52). According to 
current research, FIT sensitivity varies depending on the 
location of the tumour. As a result, FIT is more sensitive to 
lesions in the left colon than the right (64). 

In addition, habitual aspirin users had greater sensitivity rates 
than nonusers (14). Because globin is gradually destroyed as it 
travels through the gut, the FIT is unique to bleeding from the 
distal gastrointestinal tract. There are two types of FITs: a 
qualitative assay that requires visual interpretation and a 
quantitative test that analyses the sample automatically and 
calculates the quantity of haemoglobin present. Quantitative 
FITs, such as the OC-Sensa Micro (Eiken Chemical, Tokyo, 
Japan; sold in the US by Polymedco, Cort-land Manor, NY) and 
Insure (Enterix Inc., Quest Diagnostics Incorporated, Edison, 
NJ), have an advantage over qualitative assays because they 
eliminate observer variations in the interpretation of the results 
and have definitive cut-off levels, which improve 
reproducibility. 
 
Microbiome: Few scientists have published new statistics in 
this edition of the journal that are extremely important and give 
significant insight into the current state of colorectal cancer 
screening (75). Advanced studies of the human faecal 
microbiota, which emerge as adenoma progresses to colon 
carcinoma, have been shown to enhance colorectal cancer 
screening techniques, according to the scientists. The bacterial 
16S rRNA gene was sequenced using the Illumina MiSeq 
sequencing technology, enabling for phylogenetic comparison 
and measurement of bacterial diversity. Importantly, the groups 
were examined separately, resulting in the discovery of 
bacterial operational taxonomic units that were enriched or 
reduced in healthy Vs adenoma clinical samples, healthy 
versus carcinoma clinical samples, and adenoma against 
carcinoma clinical samples. This showed that microbiome-
based studies may detect the existence of precancerous and 
cancerous tumours. 
 
Proteins: The specificity of faecal CRC diagnosis might be 
substantially improved by a new technique based on the 
detection of tumor-derived proteins. Although the majority of 
the protein markers examined thus far have been found in 
blood samples, proteins in faeces such as calprotectin and M2 
pyruvate kinase among others have also been studied for 
diagnostic potential. Calprotectin, a calcium-binding protein 
found in granulocytes, macrophages, and epithelial cells, is 
found in granulocytes, macrophages, and epithelial cells. 
Calprotectin is a non- cancer protein marker whose level rises 
during intestinal inflammation and has been linked to 
inflammatory bowel disorders. As a result, it performs poorly, 
with reduced sensitivity (67% vs. 75%) and specificity (76% 
vs. 90%) for both CRC and precancerous lesions, as 
demonstrated in a Norwegian CRC screening experiment 
comprising 2,321 asymptomatic individuals (30). Studies on 
Fecal tumour M2 pyruvate kinase (M2-PK) have yielded mixed 
findings in terms of sensitivity in CRC, with results ranging 
from 68% to 85% for a threshold value of 4U/mL (64). A 
Chinese group is investigating the potential of integrating 
multiple protein markers in a biochip to identify CRC because 
no protein stool marker has shown to be completely accurate 
for CRC screening (67). 
 
RNA test: The detection of RNA biomarkers in faeces has not 
been investigated as thoroughly as DNA biomarkers, owing to 
the fact that RNA is less stable in stool than DNA. The use of 
CRC tumor-specific RNA transcripts as stool biomarkers is now 
possible because to technological improvements in RNA 
preservation buffers. Single and multiple tumour mRNA 
transcripts, such as PTGS2 and MMP7, have been found to 
exhibit excellent specificity for CRC (63).  

21063                                             Jatin V Thake and Kaushal P Jadhav, A review report on biomarkers for diagnosis of colorectal cancer 



Despite the lack of data on miRNA expression in the stool 
compared to that in the blood, dysregulation of miRNA 
expression was found in the stool of CRC patients; miR-92a, 
miR- 21, miR144, miR-106a, miR17-92 cluster, and miR135 
were up-regulated in CRC, while miR-143 and miR-145 were 
down-regulated in CRC (54). However, none of the miRNAs 
had enough predictive value to be used as a standalone CRC 
diagnostic test, and more research is needed to enhance 
miRNA diagnostic value by integrating several miRNAs (45). 
 
Tissue biomarker 
 
β-catenin: β-catenin is a multifunctional protein that plays a role 
in cell adhesion as well as intracellular signaling, the latter of 
which is facilitated by β-activities catenin’s via the Wnt 
signaling pathway (43)(72). The Wnt signaling pathway is 
activated, which increases the cytoplasmic pool of free β-
catenin and, to a lesser degree, the nuclear pool, where it 
causes proliferation. As a result of mutant adenomatous 
polyposis coli (APC) or β-catenin, the Wnt signaling pathway 
is highly active in the majority of CRCs. Furthermore, 
increased Wnt signaling plays an important role in the 
development of CRC (69). Nuclear β-catenin may be detected 
immunohistochemically in the lack of functional APC, which 
is common in CRC (69)(16). Although β-catenin nuclear 
expression is not specific to CRC, it has been shown to be 
helpful as part of a diagnostic panel. 
 
Cadherin 17 (CDH17): The rat liver and intestine were the 
first places where CDH17 was discovered. Later human studies 
found that it is only expressed in the small and large intestines, 
as well as a portion of the pancreatic duct. It’s a peptide 
transporter for the intestine. However, only lately has its 
clinical use in the diagnosis of gastrointestinal cancers been 
identified (53). CDH17 has been suggested as a useful 
immunohistochemical marker for the identification of GI 
adenocarcinomas in a number of recent investigations. CDH17 
is reported to be expressed in 96% to 100% of primary CRC 
and 100% of metastatic CRC (54). Other GI cancers, such as 
gastric, pancreatic, and biliary cancer, express CDH17, 
although it is seldom detected beyond the GI tract (10). 
 
Caudal type homeobox 2 (CDX2): CDX2 is a homeobox 
protein involved in the control of normal cell development in 
the GI tract as well as tumour suppression in the colon. CRC 
may be caused by the loss of CDX2 expression (71). The 
epithelia of the normal small intestine, appendix, colon, and 
rectum, as well as the pancreatic centroacinar and intera acinar 
ductal cells, all express CDX2 (51). CDX2 deficiency has been 
linked to the development of human CRC. Aside from those 
with MSI, CRCs are always CDX2-positive (71). Indeed, a 
recent study in nude mice looked at the impact of restoring 
CDX2 expression on colon cancer cell survival, colony 
formation, cell cycle distribution, apoptosis, invasion ability, 
and xenograft tumour development (77). 
 
Cytokeratins (CKs): CKs, like vimentin, desmin, 
neurofilament, and glial-filament, are members of the intermedi- 
ate filaments family, which also includes vimentin, desmin, 
neurofilament, and glial-filament. When a physician wants to 
distinguish metastases from CRC, which are generally CK7-
/CK20+, from other cancers, CK7 and CK20 come in 
handy(9). CK20 stains the normal gland cells and Merkel cells 
of the colonic mucosa nearly exclusively, while its expression 
is seldom detected in the urothelium or other mucosa (59). 

CK7, on the other hand, is commonly found in epithelia of the 
urine bladder and female genital tract, mesothelium, normal 
lung, and, on rare occasions, stomach and intestine normal 
glands. The majority of studies, however, believe that it does 
not exist in normal colonic mucosa (59). For detecting 
metastatic adenocarcinoma of uncertain original origin, CK 
staining patterns are one of the most useful methods. The CK7–
/CK20+ pattern is a common technique for diagnosing 
metastatic CRC (8). When studying CRC development, CK20 
and CK7 might be helpful. According to the find- ings, 
advanced CRCs were more likely to be CK20+/CK7+ than 
early-stage malignancies, which were primarily CK20+/CK7. 
As a result, CK7 expression may serve as a distinguishing factor 
in the development of CRC (29). 
 
Mucins: Mucins are glycosylated proteins produced and 
expressed by many different organs, including the colon (4). 
Mucins can be divided into three categories:  
 
Membrane-bound/transmembrane mucins, secreted (gel-
forming) mucins, and soluble (non-gel-forming) mucins are the 
three types of mucins(4). Mucins protect epithelial cells from 
infections by trapping them on their surfaces (40). They have a 
role in cell signaling as well (40). As a result, they play a 
crucial role in cellular activities, particularly near the epithelial 
cell surface. MUC2 is the most widely released mucin in the 
intestines, and mice lacking the MUC2 gene (Muc2-/-) develop 
colon cancer on their own. Furthermore, MUC2 is down 
regulated in human CRC tissues, indicating that it has a tumour 
suppressor role. As a result, an increase in MUC2 can prevent 
and/or improve the prognosis of CRC. In turn, higher levels of 
MUC5AC and MUC6 expression are linked to a better 
prognosis in CRC patients. MUC3 expression has been found 
in both healthy and cancerous colons. In 84% of the instances, 
MUC3 was shown to be up regulated in clinical CRC samples. 
Among them, cytoplasmic and membrane localization were 
discovered in 91% and 38% of the instances, respectively(3). 
 
MUC2, MUC5AC, MUC5B, MUC6, and MUC19, which code 
for secreted mucins, are all grouped on chromosome 11 and 
are apparently co-expressed. Furthermore, new research has 
looked at the expression of secreted mucins on chromosome 11 
in a significant number of CRC cases, revealing that 
MUC5AC, MUC5B, and MUC6 over expression is linked to 
serrated forms of colonic glandular neoplasia. DNA 
hypermethylation, MSI, and BRAF somatic mutations are all 
linked to serrated CRC. Mucin genes also include a number of 
transcription factor sites, including Sp1, SP3, AP-1, NF-B, and 
CDX2 (3). The expression of MUC2, MUC5AC, and MUC6 is 
up regulated when this transcription factor is down regulated. 
Furthermore, Vincent et al investigated the epigenetic control 
of genes encoding mucins in chromosome 11p15 in different 
epithelial cancer cell lines, including esophageal, pancreatic, 
gastric, and colon cancer cell lines (66). They discovered that 
epigenetic alterations mostly influence MUC2 and MUCB 
genes, with MUC2 expression regulated by the repressive histone 
code and MUC5B expression controlled by methylation at 
CpG sites. 
 
Special AT-rich sequence binding protein 2 (SATB2): 
SATB2 belongs to the nuclear matrix-associated transcription 
factors family, which functions as tissue-specific epigenetic 
regulators of gene regulation (53). Tumours used from nine 
cohorts (n = 1882) of patients with primary and metastatic 
CRCs to investigate the particular expression pattern of SATB2 
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in connection to a well-known biomarker of CRC, cytokeratin 
20 (CK20). The findings revealed that 85% of the CRCs tested 
positive for SATB2, and 97% tested positive for both SATB2 
and CK20(48). Increases in SATB2 caused by metals are one 
of the potential dangers. SATB2 expression is continuously 
increased in cells that have been exposed to carcinogenic 
metals such as nickel, arsenic, and chromium (VI)(15), 
suggesting that SATB2 induction is involved in metal 
carcinogenesis. When utilizing SATB2 to diagnose CRC, up 
regulation of SATB2 in metal- induced malignancies from 
organs other than the lower GI tract might lead to false-positive 
findings. Arsenic, for example, increased SATB2 expression in 
human bronchial epithelial cells (15). Because arsenic 
enhanced SATB2 expression in human bronchial epithelial cells 
(15) and as arsenic exposure induces lung cancer (33), arsenic-
induced lung tumours are likely to have elevated SATB2 
expression as well. In order to consider metal-induced 
malignancies when diagnosing CRC based on SATB2, studies 
should be undertaken to assess SATB2 expression in tumours 
from cohorts with occupational or high exposure to nickel, 
arsenic, and chromium (VI). Other CRC biomarkers that are not 
known to be influenced by metals, such as cadherin-17, should 
be utilized with SATB2; decreased MLH1 would not be a 
possibility because it is likewise suppressed by chromium (VI) 
exposure (62). 
 

DISCUSSION 
 
As of the huge number of biomarkers available in CRC, 
appropriate biomarker utilization is also essential. CRC 
carcinogenesis is triggered by a variety of reasons, both genetic 
and environmental, but the disease is often detected using genetic 
material obtained from different sources. The information 
gathered from various researchers led to the discussion of 
genetic factors. cfDNA shows greater sensitivity and 
selectivity, which can also be detected in the form of APC, 
various cancers involve lncRNAs, MSI is linked to around 15% 
of CRC, BRAF and KRAS go hand in hand and show greater 
detection, which is also linked to MSI and miRNA. To 
summarize, certain proteins and genes exhibit a higher level of 
detection than others, such as the CDH-17 and CDX2 genes, 
and the protein TP53. 
 

CONCLUSION 
 
CRC is a prevalent cancer that accounts for a considerable 
portion of cancer-related deaths. Because of the intricacy of 
colorectal carcinogenesis, survival outcomes differ from 
patient to patient. Thanks to break through in the study of 
genetics and a better knowledge of the process of 
carcinogenesis, the approach to patients with colorectal cancer 
has lately been drastically modified. The assessment of KRAS, 
BRAF, and MSI status has become an important part of therapy 
planning, particularly for individuals with metastatic illness. 
The final conclusion is that while there are several new ways 
for detecting CRC, there is still a need for a biomarker with 
full accuracy, which will undoubtedly be accessible in the near 
future. 
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