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Colorectal carcinoma (CRC) is the most lethal and common form of cancer in the world. It was responsible for

almost 881,000 cancer deaths in 2018. Approximately 25% of cases are diagnosed at advanced stages with

metastasis—this poses challenges for effective surgical control and future tumor-related mortality.
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1. Introduction

Colorectal cancer (CRC) is the most lethal and common form of cancer in the world. It was responsible for almost

881,000 deaths from cancer . The primary causes of CRC are not known but may involve lifestyle, viruses,

smoking, and environmental hazards. Mutation of the adenomatous polyposis coli (APC) gene is likely to occur

during the initial stage of CRC development . The advancement of screening technologies, such as the fecal

occult blood test, colonoscopy, and colonography, enable the early detection of colorectal cancer. The emergence

of less-invasive surgical methods such as endoscopic, laparoscopic, and robotic procedures has contributed to a

reduction in the total number of patients requiring operation for resectable colorectal cancer . There are several

diagnostic methods available to reduce the incidence of CRC. However, approximately 25% of CRCs are detected

at an advanced stage with metastasis. Furthermore, 20% of cases may go on to develop metachronous

metastasis. This poses challenges in surgical control and subsequent cancer-related mortality . Controlling the

disease is still challenging in patients with advanced-stage CRC, and they require intensive treatments such as

chemotherapy with irinotecan or oxaliplatin, signal inhibitors, and antibodies to achieve a satisfactory outcome .

Since the primary goal of CRC treatment is to completely eradicate the tumor and metastasis, which is most often

accomplished by invasive surgery on account of varying tumor responses to different treatment techniques, it is

crucial to choose the optimal treatment strategy for CRC. The treatment is chosen for the patient depending on

several criteria, including the type of tumor, stage of the disease, patient age, overall patient health, and patient

attitude towards life . Despite further current knowledge of the molecular and cellular aspects of cancer, existing

treatments still focus on systemic chemo- and radiotherapy. Broad distribution is a common problem with these

regimens, which commonly results in inadequate dosage for the treatment of the tumor and/or the production of

harmful side effects in normal tissue .

It is possible to target specific changes in cancer cell biology that are highly upregulated, when compared to those

of the healthy surrounding cells and tissues, by introducing a targeting moiety (ligand, antibody, or peptide) into the
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nanoparticle system . The addition of a targeting moiety also enhances drug absorption through receptor-

mediated endocytosis, which is an active mechanism requiring a much lower concentration gradient across the

plasma membrane than basic endocytosis (Figure 1) . With the help of active targeting, both the quantity of drug

delivered and therapeutic efficiency can be enhanced while decreasing the side effects of the drug .

Figure 1. The mechanism of active and passive targeting by nanocarriers.

2. Receptors Used for Targeted Therapy

The strategy of major nanoparticular anti-tumor targeting research is to use antibodies to target disease-associated

surface markers on cells. These markers, often receptors, are typically elevated or expressed in particular tumor-

associated cells. These receptors can be targeted to deliver chemotherapeutic drugs. They include EGFR,

VEGFR, FGFR, HER2, and TGF-b.

EGFR: The epidermal growth factor receptor (EGFR) is a receptor tyrosine kinase belonging to the ErbB family

of proteins. Ligand binding is required to activate the tyrosine kinase domain. This activates signaling pathways

responsible for cell proliferation, angiogenesis migration, continued existence, and adhesion. Since these

pathways are essential for the survival of cancer cells, EGFR is a valuable target in the treatment of colorectal

carcinoma metastases .

VEGFR: The vascular endothelial growth factor receptor (VEGFR) is a tyrosine kinase receptor. Binding of the

ligand vascular endothelial growth factor (VEGF) to this receptor leads to the activation of the receptor and

promotes vasculogenesis and angiogenesis . VEGF overexpression is observed in 40–60% of colorectal

cancers and is related to cancer recurrence and decreased survival .
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FGFR: In several essential physiological mechanisms such as homeostasis of tissue metabolism, embryonic

development, endocrine function, and wound repair, angiogenesis fibroblast growth factor (FGFR) signaling

pathways are crucially significant . Therapy against FGFR2 and its specific isoforms are being considered as

novel treatment options for colorectal cancer patients. By administering shRNA to bind FGFR2, CRC

development, invasion, and migration can be reduced .

HER 2: The type I transmembrane glycoprotein human epidermal growth factor receptor 2 (HER2) is involved in

signaling pathways that control cell proliferation, survival, and apoptosis in breast cancer. In 20–25% of breast

cancer patients, the HER2 gene is amplified, which is connected to an aggressive phenotype and worse

prognosis . The efficacy of HER2-targeted therapy is comparable to that of developing therapeutic options for

metastatic colorectal cancer, such as immunotherapy with checkpoint inhibitors and BRAF-directed therapy .

TGF-β: The signaling pathway that is activated by transforming growth factor-beta (TGF-β) is crucial in the

regulation of tissue development, proliferation, differentiation, apoptosis, and homeostasis . TGF-β is also a

powerful regulator of cell adhesion, motility, and the composition of the extracellular matrix, all of which are

implicated in tumor invasion and metastasis. However, TGF-β signaling also stimulates angiogenesis and

immunosuppression. TGF-β signaling breakdown in colorectal cancer cells promotes tumor growth in the early

stages, whereas the stimulation thereof may enhance cancer invasion and metastasis. Thus, while TGF-β may

be used as a target in nanotherapeutic methods, its dual roles in enhancing and suppressing tumorigenesis

require it to be treated in a careful and highly selective manner .

3. Significance of EGFR as a Target

To design therapeutic approaches, researchers are examining the impact of the epidermal growth factor receptor

(EGFR) on the development and prognosis of epithelial malignancies . EGFR has emerged as a critical target

molecule for enhanced tumor specificity because of its diverse functional roles in cancer . EGFR is a

transmembrane tyrosine kinase receptor with a molecular weight of 170 kDa that belongs to the ErbB family of cell

membrane receptors. Other receptors in this family, in addition to EGFR (also known as HER1 and ErbB-1),

include HER2/c-neu (ErbB-2), HER3 (ErbB-3), and HER4. (ErbB-4). All of these receptors have a cytoplasmic

tyrosine kinase-containing domain, a single membrane-spanning region, and an extracellular ligand-binding region

. In several malignancies, such as head and neck carcinomas, EGFR expression, which is normally assessed

by immunohistochemistry, has been linked to tumor development and poor survival . However, the importance of

EGFR protein expression in other cancers, such as lung carcinomas, remains controversial, as the level of EGFR

overexpression may vary anywhere from 25 to 82% in colorectal cancers .
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Figure 2. Structure of EGFR receptor.

In addition to EGFR expression levels, ligand binding to EGFR is important in functions that modulate various

aspects of colorectal cancers. ADAM17 is a critical enzyme in the regulation of the release of EGFR ligands, which

include EGF, amphiregulin, and heparin-binding EGF . Ligand binding to the extracellular domain

phosphorylates the tyrosine kinase domain, activating signaling pathways involved in cell proliferation,

angiogenesis, migration, continued existence, and adhesion. Since cancer cells rely on these pathways, EGFR is a

useful target in the therapy of colorectal cancer metastases . EGF, transforming growth factor (TGF-), β-cellulin,

epiregulin (EREG), epigen (EPGN), amphiregulin (AREG), and heparin-binding EGF are the most common EGFR

ligands . Conventional EGFR activation begins when a ligand binds to the extracellular domain, inducing a

conformational change that causes monomer EGFRs to dimerize . This brings cytoplasmic regions closer

together, enabling autophosphorylation of tyrosine residues in the regulatory region. Autophosphorylated tyrosine

residues function as anchors for various genes, including GRB2, SHC, SRC, and PI3K, which recruit and activate

the RAS, AKT, and STAT signaling pathways, thereby initiating essential cellular processes . EGFR is often

mutated in patients with solid tumors. Overexpression of the EGFR protein and kinase-activating mutations are the

two forms of pathogenic EGFR changes found in cancer. The kinase-activating mutations that result in enhanced

EGFR tyrosine kinase activity might occur as a result of, or in addition to, anti-EGFR therapy. While these markers

can be useful tools in the diagnosis of colorectal cancer, current methods of diagnosis primarily use stool samples

and colonoscopies . Colorectal cancer is currently diagnosed using stool samples and colonoscopies. The

cancer is classified as either colonic or rectal, depending on its location. Both types of tumors exhibit obvious

similarities; however, due to their differences in location, their molecular properties likewise differ. Treatment

depends on the tumor’s response to chemotherapy or anti-EGFR monoclonal antibodies .

4. Monoclonal Antibodies for EGFR Targeted Therapy

[23]

[8]

[24]

[25]

[26]

[27]

[28]



EGFR-Based Targeted Therapy for Colorectal Cancer | Encyclopedia.pub

https://encyclopedia.pub/entry/21495 5/9

Given EGFR’s functional roles in various cellular activities, numerous strategies have been developed to

specifically target and inhibit EGFR-mediated effects. Small-molecule tyrosine kinase inhibitors (TKIs) and

monoclonal antibodies (mAbs) are two different therapeutic methods used to target EGFR in diverse human

cancers . Clinical trials have demonstrated that monoclonal antibodies and TKIs are effective anti-EGFR

therapies . The prevention of receptor dimerization, autophosphorylation of the cytoplasmic domain, and

downstream signaling take place due to competitive inhibition of EGFR ligands by monoclonal antibodies, which is

particularly developed to be directed towards the extracellular region of EGFR . The EGFR monoclonal

antibodies that have been approved for clinical use are cetuximab and panitumumab. Their antitumor effect is

mediated by specialized structures with various roles. Cetuximab and panitumumab work similarly: They bind to

the extracellular domain of EGFR, inhibiting ligand interaction and causing TK internalization and destruction. As a

result, they promote apoptosis by blocking EGFR downstream pathways. Anti-EGFR mAbs, especially those of the

IgG1 subclass, may also activate the host immune system (antibody-dependent cellular cytotoxicity and

complement-mediated cytotoxicity) to destroy the cancer cell. Regardless of the anti-EGFR medicine employed,

numerous clinical studies have indicated that cetuximab and panitumumab produce comparable effects . This is

mediated by the mAb variable domain fragment (Fv), which is made up of portions of the light and heavy chains of

the antibody. Despite their specificity, the production of EGFR mAbs was not without its hurdles. The mAb variable

domain fragment (Fv) is a crucial component. It is made up of portions of the antibody’s light and heavy chains.

Immunizing mice against EGFR proteins yielded the first mAbs. However, human anti-mouse antibody reactions

such as allergic reactions and lower efficacy resulted from these murine antibodies. The combination of a variable

murine region with antigenic activity with a constant human region led to the production of fewer allergenic chimeric

antibodies such as cetuximab .

Cetuximab

Cetuximab (ERBITUX) is an FDA-approved chimeric (human–murine) IgG1 monoclonal antibody that competitively

binds the extracellular domain of EGFR with a high affinity . Since 2004, cetuximab has been approved as a

single drug or in combination with irinotecan for the treatment of metastatic colorectal cancer with EGFR

overexpression in patients with chemotherapy-resistant malignancies . Cetuximab’s capacity to obstruct the

EGFR pathway has been demonstrated in preclinical and clinical research. It has been shown in preclinical studies

that cetuximab alone possesses cytostatic action; however, the use of cetuximab in combination with other

chemotherapeutic drugs (such as platinum-derived compounds and irinotecan) enhances the antitumoral activity of

the individual regimens. One explanation for this synergy is that limiting EGFR signaling is insufficient for

cytotoxicity in the majority of cell lines, yet inhibiting EGFR makes cells more sensitive to chemotherapy .

Cetuximab is metabolized and eliminated by the reticuloendothelial system. Its clearance is unaffected by kidney or

liver function; therefore, its pharmacokinetics are the same in people with normal or impaired renal function .

Cetuximab’s anticancer actions are mediated by a variety of pathways (Figure 3).
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Figure 3. Major anti-tumor mechanisms by which cetuximab acts (1) and (2) are the mechanisms that normally

take place in the absence of cetuximab i.e., binding of the ligands to the EGFR monomers, induction of receptor

dimerization, and downstream signalling pathways. (3) Cetuximab binds to domain III of EGFR. (4) Receptor

internalization mediated by cetuximab and inhibition of downstream signalling pathways. (5) Fc segment of

cetuximab binds to natural killer cells and induces ADCC. (6) G1 cell cycle arrest. (7) inhibition of angiogenesis. (8)

Induction of apoptosis.

Cetuximab binds to the second (L2) EGFR domain and consequently blocks downstream signaling by triggering

receptor internalization and blocks the interaction between ligand and receptor .

Through antibody-dependent cell-mediated cytotoxicity (ADCC), cetuximab directs cytotoxic immune effector

cells toward EGFR-expressing tumor cells, potentially contributing to its antitumoral impact .

Cetuximab causes a G1 cell cycle arrest by increasing the cell cycle inhibitor p27  and suppressing

proliferating cell nuclear antigen (PCNA) .

Cetuximab inhibits angiogenesis by restricting the production of pro-angiogenic factors such as interleukin-8,

vascular endothelial growth factor (VEGF), and basic fibroblast growth factor (FGF) .

Induction of apoptosis by cetuximab is mediated through two processes: (a) Increased expression of pro-

apoptotic proteins such as BAX, caspase-3, caspase-8, and caspase-9 and (b) inactivation of Bcl-2, which is an

anti-apoptotic protein .
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