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Abstract  

Globally, “Colorectal Cancer (CRC)” is a serious issue for public health. Multiple genetic 

and environmental factors play a large role in the development of CRC. Cell signaling 

pathways are essential for the emergence and development of CRC. The primary signaling 

pathways involved in CRC, such as Wnt, MAPK/ERK, PI3K/Akt, and TGF-, will be briefly 

discussed. The function of microRNAs and long non-coding RNAs in CRC will also be 

covered in this review. Last but not least, this study will review the status of available 

targeted treatments for CRC, such as monoclonal antibodies and small molecule inhibitors. 

According to this investigation, a deeper comprehension of the intricate cell signaling 

pathways in CRC is required in order to create more potent tailored treatments. In conclusion, 

colorectal cancer continues to pose a serious threat to global public health. Research is 

ongoing to determine how cell signaling affects the onset, course, and management of CRC. 

While EGFR inhibitors and other targeted therapies have shown promise in the treatment of 

CRC, their efficacy may be constrained by the presence of EGFR or KRAS gene mutations. 

Patients with CRC may fare better as a result of the development of customized treatment and 

the discovery of new biomarkers and therapeutic targets. Recent research has further 

emphasized the significance of the tumor microenvironment and the function of exosomes 

and cancer-associated fibroblasts in the initiation and development of CRC. These results 

highlight the need for a deeper comprehension of the intricate signaling networks involved in 

CRC and point to new therapeutic avenues. Cell signaling plays a complicated and 

multifaceted role in CRC. Targeted therapy, new biomarkers, and pharmacological targets 

have been found thanks to improvements in our understanding of the molecular pathways 

underlying CRC. The variety of CRC and the existence of drug resistance mechanisms, 

however, still provide serious difficulties in the management of this condition. In order to 

create more effective and individualized treatments for CRC patients, additional study is 

required to better understand the intricacy of cell signaling in this illness. 
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Introduction  

With an expected 1.8 million new cases and 881,000 fatalities in 2018 [1], "colorectal cancer 

(CRC)" is the third most often diagnosed malignancy worldwide. Complex genetic and 

environmental processes, such as diet, lifestyle, and inflammation, all play a role in the 

development of CRC [2]. Genetic and epigenetic changes that result in unchecked cell 

proliferation, invasion, and metastasis accumulate over the course of CRC [3]. The 

deregulation of cell signaling pathways is one of the main processes involved in the onset and 

spread of CRC [4]. 

Cell signaling pathways are intricate webs of biochemical processes that enable cells to talk 

to one another and react to outside stimuli [5]. Dysregulation of these pathways can cause 

oncogenes to become active and tumor suppressor genes to become inactive, which will 

cause unchecked cell growth and proliferation [6].  

Main body Wnt Signaling Pathway  

A crucial pathway involved in many biological processes, such as embryonic development, 

tissue homeostasis, and cancer pathogenesis, is the Wnt signaling pathway. Several cancers, 

including colorectal cancer, have been linked to the emergence and spread of Wnt pathway 

dysregulation. 

Wnt ligands bind to Frizzled receptors and coreceptors, such as LRP5/6, to activate the Wnt 

signaling pathway. As a result, -catenin becomes more stable and begins to accumulate. This 

causes -catenin to go into the nucleus where it interacts with TCF/LEF transcription factors to 

activate Wnt target genes [7]. 

The Wnt pathway is essential for controlling stem cell self-renewal and differentiation in 

healthy colon tissue [8]. However, dysregulation of the Wnt pathway, caused by mutations in 

APC, CTNNB1, or other pathway members, can result in the buildup of -catenin and the 

activation of Wnt target genes, which in turn causes colorectal cancer to develop. 

Eighty percent or more of sporadic colorectal tumors have mutations in the APC gene, which 

stabilize -catenin and activate Wnt target genes [9]. The Wnt pathway can also be activated 

by other mutations, such as those in CTNNB1 or AXIN2, which can similarly hasten the 

onset of colorectal cancer [10,11]. 

For the treatment of colorectal cancer, targeting the Wnt pathway has shown promise. 

Targeting the route, however, can have serious negative side effects because of the pathway's 

critical function in maintaining normal tissue homeostasis. Small-molecule inhibitors of -

catenin and antibodies that target Wnt ligands or their receptors are two strategies that have 

been developed to target the system [12]. 

There have been recent developments in the understanding of the intricate control of the Wnt 

pathway, which have resulted in the creation of novel treatment approaches. In preclinical 

models of colorectal cancer, for instance, inhibitors of tankyrase, an enzyme implicated in the 

regulation of the Wnt pathway, have demonstrated potential [13]. New targeted therapies 
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have also been created as a result of the discovery of mutations in RNF43 and other Wnt 

pathway components [14]. 

The Wnt pathway plays a crucial role in the maintenance of colorectal cancer stem cells, 

which are assumed to be in charge of tumor initiation, progression, and therapeutic resistance 

[15]. This is in addition to its role in the formation and progression of colorectal cancer. A 

promising approach for creating new treatments is to target the Wnt pathway in colorectal 

cancer stem cells. 

MAPK/ERK Signaling Pathway  

Cell proliferation, differentiation, and survival are all regulated by the MAPK/ERK signaling 

system [16]. Several types of cancer, including CRC, have been linked to the emergence and 

spread of this pathway dysregulation [17]. Growth factors and cytokines like transforming 

growth factor alpha (TGF-) and epidermal growth factor (EGF) bind to their respective 

receptor tyrosine kinases (RTKs) and activate the downstream signaling cascade, activating 

the MAPK/ERK pathway [18]. KRAS and BRAF gene mutations, which are upstream 

MAPK/ERK pathway regulators, are frequently found in CRC [19]. KRAS or BRAF 

mutations may cause constitutive MAPK/ERK pathway activation, which can promote 

unchecked cell proliferation and survival [20]. 

PI3K/Akt Signaling Pathway  

Cell growth, proliferation, and survival are regulated by the PI3K/Akt signaling pathway 

[21]. Several types of cancer, including CRC, have been linked to the emergence and spread 

of this pathway dysregulation [22]. Growth factors and cytokines including insulin-like 

growth factor 1 (IGF-1) and platelet-derived growth factor (PDGF) bind to their respective 

RTKs and activate the downstream signaling cascade, activating the PI3K/Akt pathway [23]. 

The PIK3CA gene, which produces the p110 subunit of PI3K, frequently develops mutations 

in CRC [24]. The PI3K/Akt pathway can become constitutively activated as a result of 

mutations in PIK3CA, which can promote unchecked cell proliferation and survival [25]. 

TGF-β Signaling Pathway  

Cell development, differentiation, and death are all regulated by the TGF- signaling system 

[26]. Several types of cancer, including CRC, have been linked to the emergence and spread 

of this pathway dysregulation [27]. The TGF- pathway is triggered by the binding of TGF-

ligands to their corresponding receptors, which causes the downstream Smad proteins to 

become active and controls the transcription of target genes [28]. Mutations in the 

downstream effector genes SMAD2 and SMAD4, which are part of the TGF- pathway, are 

frequently found in CRC [29]. In CRC patients, loss of SMAD4 function has been linked to a 

poor prognosis [29]. 



A critique of the role of cell signalling in colorectal cancer 

 

Section A -Research paper 

 

7528 
Eur. Chem. Bull. 2023, 12(Special Issue 4), 7525-7532 

MicroRNAs and Long Non-coding RNAs  

Non-coding RNA molecules such as microRNAs (miRNAs) and long non-coding RNAs 

(lncRNAs) have been linked to the control of gene expression and the emergence of cancer. 

In CRC, there has been a dysregulation of miRNA expression, with some miRNAs serving as 

either tumor suppressors or oncogenes. For instance, miR-21, which encourages cell 

proliferation and invasion, is increased in CRC. MiR-143, on the other hand, is 

downregulated in CRC and functions as a tumor suppressor by preventing cell growth and 

triggering apoptosis. LncRNAs have also been linked to CRC, with some of them serving as 

either tumor suppressors or oncogenes [30]. For instance, the lncRNA HOTAIR, which 

promotes cell proliferation and metastasis, is increased in CRC [30]. 

Targeted Therapies for CRC  

The goal of targeted therapy for CRC is to specifically inhibit the dysregulated signaling 

pathways found in cancer cells while protecting healthy cells. The two primary categories of 

targeted treatments being employed for the treatment of CRC are monoclonal antibodies and 

small molecule inhibitors. Monoclonal antibodies are made to bind to particular cell surface 

receptors or ligands, preventing the activation of those receptors or causing the degradation of 

those receptors. For instance, the EGF receptor is the target of the monoclonal antibody 

cetuximab, which is used to treat metastatic CRC. Small molecule inhibitors, such as kinases 

or transcription factors, are made to specifically target intracellular signaling proteins. For 

instance, the BRAF V600E mutation is the target of the small molecule inhibitor 

vemurafenib, which is utilized to treat metastatic CRC with this mutation. Despite the fact 

that some CRC patients respond well to targeted medicines, many individuals eventually 

develop resistance to them [16]. 

Mechanisms of Resistance to Targeted Therapies  

Multiple mechanisms, such as secondary mutations in the target protein, activation of 

alternative signaling pathways, and alterations in the tumor microenvironment, can lead to 

resistance to targeted therapies. For instance, subsequent mutations in the EGF receptor or the 

activation of other signaling pathways, like the MET pathway, can result in resistance to 

cetuximab. Amplification of the wild-type BRAF gene or activation of other signaling 

pathways, such as the MAPK/ERK pathway, are two ways that vemurafenib resistance can 

develop. For the creation of novel therapeutics and the enhancement of patient outcomes, it is 

crucial to comprehend the mechanisms of resistance to targeted therapies [31]. 

Immunotherapy for CRC  

A promising new method for treating CRC is called immunotherapy, which uses the patient's 

own immune system to specifically target cancer cells. Passive immunotherapy and active 

immunotherapy are the two primary categories of immunotherapy. Active immunotherapy 

entails stimulating the patient's immune system to mount an immunological response against 

cancer cells as opposed to passive immunotherapy, which involves administering the patient 

preformed antibodies or immune cells [32]. 
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Passive Immunotherapy  

Monoclonal antibodies that target immunological checkpoints like the programmed death 

receptor-1 (PD-1) or cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) are used in 

passive immunotherapy for CRC. Immune checkpoints are proteins that control T cell 

activation and stop autoimmunity. By upregulating the expression of checkpoint ligands or 

downregulating the expression of major histocompatibility complex (MHC) molecules, tumor 

cells can use these checkpoints to elude immune surveillance. These inhibiting signals can be 

blocked by monoclonal antibodies that target immunological checkpoints, restoring T cell 

function against tumor cells. For instance, mismatch repair deficiency (dMMR) or high 

microsatellite instability (MSI-H) metastatic CRC are treated with the monoclonal antibody 

pembrolizumab, which targets the PD-1 checkpoint [33]. 

Active Immunotherapy  

The goal of active immunotherapy for CRC is to induce an immunological response against 

cancer cells by stimulating the patient's own immune system. Cancer vaccines, which include 

tumor antigens that can elicit an immune response, can be used to do this. Peptide vaccines 

and whole-cell vaccines are the two primary categories of cancer vaccinations. While whole-

cell vaccines contain whole tumor cells or lysates that contain multiple tumor antigens, 

peptide vaccines contain short peptides that represent the epitopes of tumor antigens [32]. 

The MUC1 peptide vaccine and the GVAX vaccine are just two of the cancer vaccines 

created specifically for the treatment of CRC. However, the immunosuppressive tumor 

microenvironment and the low immunogenicity of some tumor antigens have limited the 

clinical efficacy of cancer vaccines for CRC [34]. 

Conclusion  

In conclusion, deregulation of cell signaling pathways, which can result in unchecked cell 

proliferation and survival, plays a significant role in the onset and progression of CRC. While 

dysregulated signaling pathways in CRC have been inhibited by targeted therapies, resistance 

to these treatments can develop through a number of different mechanisms. A promising new 

method for treating CRC is called immunotherapy, which uses the patient's own immune 

system to specifically target cancer cells. Some CRC patients have experienced clinical 

success with passive immunotherapy using monoclonal antibodies that target immune 

checkpoints such as PD-1 or CTLA-4. For the treatment of CRC, active immunotherapy 

using cancer vaccines has also been researched, although its clinical success has been limited. 

To better understand the mechanisms of resistance to targeted therapies and create more 

potent immunotherapies for the treatment of CRC, more study is required. 
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