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1. INTRODUCTION TO COLORECTAL CANCER 

The most prevalent type of gastrointestinal cancer is colorectal cancer. According to studies based on clinical trials, 

certain colorectal cancer screening tests are very helpful in identifying the disease early on, which lowers the number of 

fatalities from it. Faecal occult blood test, colonoscopy, sigmoidoscopy, DNA stool test, and virtual colonoscopy are 

the top five colorectal cancer screening tests 1–4. 

Mucosal epithelial cell proliferation that is not cancerous is typically the first sign of colorectal cancer (CRC). 

These growths are called polyps, and they can grow slowly for ten to twenty years before developing into cancer 5. 

Cancers localized in nature have penetrated the wall but not broken through. Cancers that have spread to 

neighboring lymph nodes or tissues are called regional cancers. On the other hand, cancers that have spread to distant 

organs with capillary beds—like the liver or lungs—may be classified as distant cancers 6.  

Intestinal inflammation and altered gut microbiota to stimulate an immune response are two consequences of 

specific dietary and lifestyle choices that can accelerate the growth of polyps and their transformation into cancer. 

Similarly, oncogenes and tumour-suppressor genes can undergo spontaneous or hereditary. The prevention of CRC 

may be achieved through genetic testing, lifestyle modification, and early screening 7,8. 

 

1.1 Epidemiology 

According to the GLOBOCAN estimates CRC was the second leading cause of cancer-related death globally (after 

lung cancer) in 2020 9-11. The overall CRC incidence proportion (CIP) for both genders rose by 5.11% annually, from 

2.28 to 6.18 per 100,000 people in 2000 and 2019, respectively. Patients aged 20 to under 50 had an increased 
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incidence proportion (IP) of CRC from 1.46 in 2000 to 4.36 per 100,000 people in 2019, representing an annual 

percentage change of 5.6%. In 2000 and 2019, the IP and APC for patients over 50 increased from 12.7 to 40.59 per 

100,000 population, from 3.69% in 2000 to 6.5% in 2019, and the proportion of CRC cases to all malignancies in Iraq 

increased. In 2010 and 2019, CRC deaths increased from 1.25 to 1.77 per 100,000 populations, indicating an APC of 

3.54%. In terms of anatomy, colon (C18) tumours accounted for 59.2% and 65.7% of cases in 2000 and 2019, 

respectively. Rectosigmoid junction tumors (C19), which were 3.6% in 2000 but only 2% in 2019, were like rectal 

(C20) tumors, which were 37.2% in 2000 and dropped to 31.4% in 2019 12. 

 

1.2 ETIOLOGY OF COLON CANCER 

Multiple tumorigenic pathways can lead to colorectal cancer, a heterogeneous disease. The "adenoma-carcinoma 

sequence" process leads to the development of colon and rectal adenocarcinomas. This process gradually transitions 

from normal tissue to dysplastic epithelium to carcinoma 13.Although the etiology of CRC  is unknown, the following 

factors may be involved:  Genetic factors14 and Dietary factors 15.Colonic polyps cause  precancerous stages that last 

two to five years, and about 15 to 40 percent of colon cancers start from these 16. 

Other elements Patients undergoing pelvic radiation therapy have a higher incidence of sigmoid and rectal cancer. 

Recessive motion and other lifestyle factors, such as being overweight, are risk factors for colorectal cancer 17, figure 

1. 

FIGURE 1. - Etiology of colon cancer 13 
 

1.2.1 CLASSIFICATION OF COLON CANCER 

Adenocarcinoma, the most prevalent subtype, makes for 85% of CRC cases globally and is not otherwise 

identified. Mucinous carcinoma, which makes up 5–20% of CRC cases globally 18. Mucinous carcinoma used to be 

invariably linked to a poor prognosis, but this appears to be changing 19,20. The incidence of medullary carcinoma has 

been estimated to be 4%, and its identification has increased recently 21. Solid growth combined with an inflammatory 

response is what defines this subtype. Patients with medullary carcinomas have a great prognosis, and the tumours are 

virtually always microsatellite unstable, most often in conjunction with BRAF mutations 22-24. 

CRC can also be categorized based on where it is found. Because of the differences in treatment choices, colon 

cancer and rectal cancer have long been distinguished from one another. More recently, however, there has been 

increased attention in this distinction due to the variety of potential screening methods. However, considering the 

variations in biology and behavior, the division of colon cancer by embryological origin (midgut or proximal colon and 

hindgut or distal colon) also appears to be significant for results 25,26. Most tumors exhibiting microsatellite instability 

demonstrate hypermethylation of hMLH1, predominantly observed in the proximal colon of elderly women 27,28. 
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1.2.2 GENES INDUCES COLON CANCER 

The RAS and RAF family proteins participate in cell survival and proliferation by mediating growth factor 

receptor signaling. Overactivity of these signaling pathways is frequently observed in a variety of cancers. RAS and 

BRAF gene mutations are the primary causes of it. Women are more likely to have right-sided colon cancer, which also 

typically exhibits BRAF mutations and microsatellite instability. Men are more likely to develop left-sided colon 

cancer, which also exhibits KRAS mutations and chromosomal instability 29-37. 

        KRAS and BRAF mutations in colorectal cancer (CRC) are characterized as mutually exclusive, suggesting 

functional redundancy or incompatibility, resulting in the elimination of cells harboring both mutations36,38. 

Collagen and elastin (ELN) are fibrous proteins that confer structural integrity and functionality to tissues. 

Elevated levels of this protein have been noted in many fibrotic illnesses, encompassing renal, pulmonary, and hepatic 

fibrosis. Research indicates that fibrosis has a role in cancer progression and in the initial phases of CRC 39-42. 

 

FIGURE2. - Role of Elastin and metalloproteinases (TIMPs) in Colon Cancer 
 

The evidence indicates that the overexpression of TIMP3 is a logical multi-phenotypic strategy for cancer therapy. 

Adenoviral-mediated TIMP3 overexpression diminished blood vessel density, enhanced apoptosis, and markedly 

inhibited tumor growth in an in vivo melanoma model, while also suppressing malignant behaviors including 

migration, invasion, and tumor formation in CRC cells. Consequently, TIMP3 may serve as a viable target for cancer 

therapy, offering multiple therapeutic advantages 43. 

 

 

2. HELICOBACTER PYLORI 

Helicobacter pylori infection impacts around fifty percent of the global population which alters the stomach 

mucosa in a number of ways, resulting in the epithelium's neoplastic transformation. As a result, H. pylori infection 

triggers a variety of immunological reactions that are directed against H. pylori and are managed by the bacteria itself 

44–46. H. pylori's helical form makes it easier for the bacteria to move around efficiently. On the other hand, the 

coccoid form makes it easier for the bacteria to colonize the mucus layer of the stomach epithelium, increasing its 

invasiveness. Additionally, H. pylori can form biofilms to lessen its susceptibility to some medications, which can lead 

to alterations that increase drug resistance and make efforts to eradicate the bug more difficult 47-51. H. pylori's 

adaptation processes include both environmental and bacterial factors that let it survive in the stomach milieu, where 

acidity levels are lower than 3.0 47-59. 

 

2.1 CLASSIFICATION 

With H. pylori serving as the type species, the genus Helicobacter was established in 1989. About eighteen species 

now make up the genus. Although some Campylobacter species were reclassified, most of the microorganisms were 

found in the stomach or intestines of mammals that served as hosts. Sheathed flagella are a fundamental characteristic 
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shared by nearly all heliobacteria. Most species, especially those linked to the gastric mucosa, have a strong ureolytic 

potential and show significant variation in cell morphology, including length, the number and location of flagella, and 

the presence of periplasmic fibrils 60. 

This bacterium is classified as one of the epsilon-proteobacteria group, including other pathogenic bacteria such as 

Campylobacter and Wolinella. The classification of H. pylori is based on its unique morphology, biochemistry, and 

genetic characteristics 61,62.  

Phylogenetic analysis of H. pylori has revealed that it is a diverse species with multiple strains and subpopulations 

63. Based on their geographic origin, H. pylori strains can be divided into separate populations, each of which is found 

in a different region of the world 64. For instance, strains of H. pylori from Europe and Africa differ from those from 

East Asia. This categorization has significant ramifications for comprehending the pathophysiology and epidemiology 

of H. pylori infections. 65-68. 

 

2.2 VIRULENCE FACTOR 

The virulence factors of H. pylori modulate and regulate of immune responses perpetuating chronic inflammation 

47, table 1. 

Table 1. - Virulence factors 47 
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The details of virulence variables, which encompass 69: 

 

2.2.1 UREASE  

This is the most abundant protein that H. pylori produces, and it is an essential component of its virulence that 

plays a major role in the bacterial metabolism and colonization of the gastric mucosa. Because H. pylori urease is found 

on the bacterial surface as well as in the bacterial cytoplasmic compartment, two types of urease can be distinguished 

according to where they are found: internal and external70. When the pH of the mucus rises above 8, H. pylori 

colonization may stop; this process is probably triggered to prevent excessive bacterial growth in the stomach mucus 

47.  

Urease is a crucial enzyme that promotes bacterial colonization in the stomach mucosa, protects the bacteria from 

gastric acidity by increasing the production of ammonia, facilitates bacterial nutrition by releasing host metabolites, and 

produces proton motive force during urea hydrolysis 71,72. Through a number of mechanisms, including altered 

opsonization, increased neutrophil and monocyte chemotaxis, apoptosis promotion. It is believed that urease stimulates 

angiogenesis, which leads to increased GC development 73, 74. 

 

2.2.2 FLAGELLUM  

This crucial element has a major impact on bacterial motility and chemotaxis. Each of H. pylori's two to six 

sheathed unipolar flagella, which are about three micrometers long, are shielded from the acidic gastrointestinal 

environment by their sheaths. The exact number of flagella is correlated with the H. pylori locomotion velocity, which 

can differ between species. 75.  

The flagellum, a determinant of bacterial movement, facilitates colonization of the gastric mucosa; thus, it 

represents a critical virulence factor linked to H. pylori pathogenicity, particularly during the initial phases of bacterial  

invasion. It was shown that a reduced number of motile strains of H. pylori complicates subsequent colonization of the 

gastric mucosa 76, Which contribute to H. pylori-induced inflammation and immunological evasion; moreover, they 

play a role in biofilm development 77.  

 

2.2.3. CYTOTOXIN-ASSOCIATED GENE A 

H. pylori strains can be classified into two primary subtypes: CagA-positive and CagA-negative strains. CagA is 

delivered into the cell through the pilus created by T4SS, resulting in cellular modifications that hinder motility, 

proliferation, and apoptosis, while also reorganizing the entire cytoskeleton. The attachment of H. pylori to stomach 

epithelial cells stimulates the expression of cagA 78. The presence of CagA is typically linked to an increased 

prevalence of inflammatory responses and enhanced damage to the stomach mucosa. CagA-positive H. pylori strains 

induce an increase in IL-8 and IL-12 levels in the serum of infected patients 79.  

CagA-positive strains exhibit more motility than CagA-negative strains, suggesting that CagA is linked to bacterial 

motility 80.  The CagA gene exhibits several variations, and a correlation exists between specific cagA genotypes and 

the ethnicity of patients 81. CagA exhibits antiapoptotic properties, enhances motility, and promotes host cell 

proliferation and expansion. CagA is strongly linked to the initiation and subsequent advancement of epithelial-

mesenchymal transition (EMT) in the gastric mucosa, correlating with enhanced invasive characteristics 82, 83. 

CagA-positive bacterial infection promotes the development of duodenal ulcers, gastric carcinogenesis, and active 

or atrophic gastritis. VacA, OipA, and CagA significantly increases inflammatory responses, worsening patient clinical 

outcomes and raising the risk of increased gastrointestinal disease incidence84. 
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2.2.4. VACUOLATING CYTOTOXIN A 

is a cytotoxin that facilitates pore development, with its modes of action and ultimate pathogenicity85. VacA is a 

major virulence factor facilitating bacterial colonization and persistence in the gastric epithelium84. Currently, multiple 

VacA genotypes have been identified, including s1, s2, m1, m2, s1m1, s1m2, s2m2, and s2m1. The VacA s1 genotype 

is prevalent among H. pylori-infected individuals, and a correlation exists between this genotype and peptic ulcer 

illness 47, 86-88, figure 3. 

 

2.3 OTHER VIRULENCE FACTORS IN H. PYLORI  

2.3.1 ENZYMES  

Catalase constitutes around 4–5% of the total protein composition in H. pylori, playing a crucial role in 

safeguarding the bacterium against oxidants and oxidative stress, hence enhancing its survival within macrophage 

phagosomes and offering protection against phagocytosis; it also participates in the control of immunological responses 

89.  

Superoxide dismutase (SOD) this enzyme shields the bacterium from reactive oxygen species (ROS) and helps 

maintain cellular homeostasis only on the cell surface. Based on its properties and chemical composition, superoxide 

dismutase (SOD), a metalloenzyme, can be divided into three isoforms, including copper-zinc SOD. Mn-SOD 

expression is higher in H. pylori-infected individuals with moderate to severe gastric mucosal inflammation than in 

those with intact gastric mucosa 47. Instead of the corpus, Mn-SOD expression was primarily increased in the pit cells 

of the antrum90.  

The arginase of H. pylori is essential for bacterial colonization as it confers acid tolerance inside the gastric milieu. 

H. pylori arginase demonstrates enhanced catalytic activity with Co2+ or Ni2+ as cofactors compared to Mn2+ and 

exhibits superior activity at acidic pH rather than alkaline pH, with optimal performance at pH 6.1 47. Arginase 

decreases nitric oxide generation, hence compromising the bactericidal efficacy of macrophages 91, 92.  In addition to 

γ-glutamyl-transpeptidase (GGT) 93-95. 
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FIGURE 3. - Virulence factors of H. pylori 

 

2.3.2 LIPOPOLYSACCHARIDE (LPS)  

Serves as a critical virulence factor, facilitating the initiation and advancement of a chronic bacterial infection 96. 

In addition to TLR4, LPS activates TLR-2 on the cellular membrane, prompting the NFκB-dependent production of 

claudins -4, -6, -7, and -9, and amplifying Th1 immune responses through the release of these inflammatory 

mediators97. 

LPS facilitates the prolonged persistence of H. pylori, which markedly induces host inflammatory responses 98. 

LPS facilitates the production of substantial quantities of several interleukins and immunological mediators99,100.  

 

2.3.3. BLOOD GROUP ANTIGEN-BINDING ADHESIN (BABA)  

Expression of this protein may serve as a biomarker for H. pylori infection 79, that significantly correlated with the 

presence of cagA in specific H. pylori strains 101. BabA, CagA, and VacA exhibit a synergistic effect, exacerbating the 

severity and clinical outcomes in patients with gastritis. In addition to bacterial adhesion and colonization, BabA 

induces many immunological responses, including granulocyte infiltration and IL-8 production, hence exacerbating 

gastric inflammation 102, 103. BabA can bind to its receptors in both the oral mucosa and stomach mucosa 79,104. 

Other virulence component include 
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Sialic acid-binding adhesin (SabA)105,106, Outer inflammatory protein A (OipA) 107-111, Induced by contact 

with epithelium gene A (IceA)112, and  Neutrophil-activating protein (NAP) 113, 114.  

3. Heat shock proteins (Hsps)  

are molecular chaperones that are necessary for bacteria, including H. pylori, to survive and adapt. Heat shock 

proteins (HSPs) are essential for H. pylori to cope with environmental stressors such as temperature fluctuations, 

oxidative stress, and the acidic conditions of the human stomach. They control immunology, inflammation, 

carcinogenesis, autophagy, apoptosis, and oxidative stress defense. 115.  

Numerous heat shock proteins (HSPs) are produced by H. pylori, including Hsp70-HspA, which is necessary for 

the proper activation of urease during H. pylori infection, and HspA (Hsp10) and HspB (Hsp60), which are 

homologous to GroES and GroEL, respectively. HspA may be a good molecular target for anti-ulcer medications 

because it binds to nickel and bismuth ions. These proteins aid in the refolding of denatured proteins, participate in 

protein folding, and prevent protein aggregation 116.  

By assisting the bacterium in adapting to the stomach environment and avoiding host immune responses, HSPs in 

H. pylori may play a role in the pathophysiology of gastric disorders. HSPs in H. pylori may be targets for therapeutic 

interventions or the development of a vaccine against H. pylori infections due to their significance in bacterial survival 

and stress response. Novel approaches to managing H. pylori-related illnesses may be revealed by more investigation 

into the precise functions of HSPs in H. pylori pathogenesis and their interactions with the host. 116,117. 

3. H. Pylori and cancer 

H. pylori promotes several changes in the stomach mucosa, leading to neoplastic transformation of the epithelium. 

Consequently, H. pylori infection initiates a complex array of immune responses, aimed against H. pylori and managed 

by the bacterium itself, originating from activation in the Peyer’s patches and the mesenteric lymph nodes of the small 

intestine 118. The principal pro-inflammatory response to H. pylori is a combined T helper (Th)1 and Th17 response. 

This pertains primarily to the existence and function of a type 4 secretion system, which facilitates the translocation of 

the oncogenic and highly immunogenic protein CagA into gastric epithelial cells 119,120, figure 4.   

 
FIGURE 4. - development of cancer 
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Despite H. pylori infection being confined to the stomach, increasing epidemiological evidence suggests a 

correlation between H. pylori infection and many extra gastric illnesses. A heightened risk of colorectal cancer (CRC) 

has been documented in association with H. pylori infection status 121. 

 

3. CONCLUSION  

Although some evidence points to a possible link between H. pylori infection and colorectal cancer, the 

relationship is still unknown and needs more research. The mechanisms by which H. pylori may affect colorectal 

carcinogenesis are poorly understood, and the available data are conflicting. Further research is necessary to elucidate 

this association given the high global prevalence of H. pylori infection and the importance of colorectal cancer as a 

public health concern. Comprehending the possible connection between H. pylori and colorectal cancer may have 

consequences for colorectal cancer screening, prevention, and treatment approaches in relation to H. pylori infection. 
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