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Abstract 

Colorectal cancer (CRC) is one of the most prevalent and lethal malignancies globally, with a concerning rise in incidence among younger 

populations. This article, the first of a two-part series, explores the pathophysiology of CRC, focusing on the adenoma-carcinoma sequence 

and the anatomical factors influencing disease progression. Central to this discussion is the human gut microbiota—a complex "new organ" 

essential for metabolic and immunological homeostasis. We examine how environmental factors, genetics, and lifestyle choices lead to dysbio-

sis, a microbial imbalance that fosters chronic inflammation and carcinogenesis. By reviewing the spatial distribution of bacterial phyla and 

the transition from a healthy to a pathogenic state, this paper establishes the microbiological foundation necessary to understand CRC devel-

opment and the potential for targeted microbial interventions. 
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Background 

CRC is a malignant disease that develops in the colon or rectum, characterised by the uncontrolled growth of abnormal 

cells that possess the capacity to invade and destroy surrounding tissue and spread to other areas. This cancer is one of the most 

common types, representing a significant proportion of new cases annually worldwide. Recently, there has been a sudden in-

crease in the incidence of this cancer, particularly among young people, which has prompted investigation into underlying risk 

factors 1,2. 

Among the risk factors, the genetic component is one of the most relevant, alongside lifestyle and personal habits. Notably, the 

rise in obesity, sedentary behaviour, alcohol consumption, tobacco use, and high-fat diets are factors that can increase the risk 

of developing CRC. What was previously a disease manifesting in older individuals has lately been increasing in young people 
3. 

CRC is the second leading cause of cancer-related death worldwide, according to the World Health Organization (WHO) 4. In 

2020, it is estimated that over 1.9 million new cases of colorectal cancer and more than 930,000 deaths from this cancer occurred 

globally. Significant geographical variations in incidence and mortality rates were observed. Incidence rates were highest in 

Europe, Australia, and New Zealand, while mortality rates were highest in Eastern Europe. By 2040, the burden of colorectal 
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cancer is predicted to increase to 3.2 million new cases per year (a 63% increase) and 1.6 million deaths per year—a 73% 

increase 5. 

Colorectal Cancer 

Pathophysiology of Colorectal Cancer 

The colon and rectum comprise the large intestine (Figure 1). The colon has a diameter of approximately 6.5 cm and a 

length of 150 cm, while the rectum measures 12 cm. The primary functions of the large intestine are the recovery of water and 

salt from the faeces and the propulsion of increasingly solid faecal matter towards the rectum prior to defecation 6. 

Figure 1. The Large Intestine 7. 

The large intestine encompasses the caecum, the colon, and the rectum. The proximal colon (right side) includes the 

caecum, the ascending colon, and the transverse colon, while the distal colon (left side) includes the descending colon, the splenic 

flexure, and the sigmoid colon 6. 

The ascending colon is approximately 15 to 20 cm in length and extends upwards on the right side of the abdomen to nearly the 

level of the liver, where it forms the hepatic flexure. The transverse colon is about 30 to 60 cm long and crosses the abdominal 

cavity from right to left, passing beneath the stomach until it reaches the level of the spleen, where it forms another bend, the 

splenic flexure. The descending colon is about 20 to 25 cm long and descends along the left side of the abdomen until it reaches 

the pelvis. Finally, the sigmoid colon is approximately 30 to 40 cm in length and forms an S-shape within the pelvis 8-10. 

The rectum is the final segment of the large intestine, measuring approximately 12 to 15 cm. It is located in the pelvic cavity 

and is surrounded by the internal and external sphincters, which control the passage of faecal content 8-10. 

 

Carcinogenesis of Colorectal Cancer 

Colorectal carcinogenesis is a complex process involving interactions between environmental and genetic factors, typi-

cally developing from adenomas. Adenomas are epithelial polyps resulting from the abnormal proliferation of intestinal mucosal 

cells. Polyps are benign precursors that, depending on their type, may evolve into malignant disease. The two primary subtypes 

are adenomatous polyps (adenomas) and serrated (hyperplastic) polyps 11. 

Serrated (hyperplastic) polyps are predominantly found in the sigmoid colon; they are generally small and typically lack the 

potential for malignant development 12. Conversely, adenomatous polyps or adenomas are those with the highest probability of 

originating cancer 12. According to the same author, one of the few known pre-neoplastic conditions of the intestine—in which 

there is a progression from inflamed mucosal lesions and reactive epithelium to invasive adenocarcinoma—is inflammatory 

bowel disease 12. 

The progression of CRC (Figure 2) can be divided into four main stages: initiation, promotion, progression, and dissemination 

to other parts of the body. Initiation involves irreversible genetic alterations occurring in the cells of the colon and rectum. 
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During promotion, the affected cells proliferate uncontrollably. Throughout this process, initially benign cells evolve into a 

malignant state and develop the ability to spread to other organs and tissues (metastasis). The most frequent metastases occur in 

the liver, lungs, and bones 13. Consequently, uncontrolled cellular growth occurs, alongside the survival of genetically abnormal 

cells. 

 

Figure 2. Progression of Colorectal cancer 14. 

Symptomatology of Colorectal Cancer 

Colorectal cancer typically does not present symptoms in its early stages. Regular screenings are essential for early de-

tection and the timely commencement of treatment. The most common symptoms include diarrhoea, constipation, blood in the 

stools, abdominal cramps, bloating, pain, unexplained weight loss, tiredness, fatigue, and paleness. Additionally, iron-deficiency 

anaemia may occur due to chronic bleeding 4. 

Generally, the signs and symptoms of the disease appear in more advanced stages and depend on the size and location of the 

tumour 15. 

Tumours located in the descending (left) colon—which has a smaller luminal diameter—often manifest as intestinal obstruction, 

abdominal pain, melaena (dark, tarry stools indicative of gastrointestinal haemorrhage), and vomiting, with consequent weight 

loss 16. This presentation is common in advanced stages when the tumour has reached a substantial size 15. Conversely, the right 

colon has a larger diameter than the left; most tumours situated here develop without manifesting any symptoms for the patient, 

often reaching significant dimensions and forming a palpable mass during clinical examination 17. 

Tumours of the right colon, located in the proximal transverse colon, the ascending colon, or the caecum, manifest in most cases 

through liquid stools or diarrhoea 16. 

In more advanced cases of the disease, colon perforation may occur, associated with acute abdominal pain, a palpable mass, and 

fever 18,19. Special attention should be given to individuals over the age of fifty who present with iron deficiency manifested by 

iron-deficiency anaemia, as this may be a clinical sign of colon cancer 20. 
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Conventional Treatment of Colorectal Cancer 

Clinical staging is fundamental to determine patient prognosis and ensure informed treatment decisions. For this purpose, 

the TNM classification system is used: the size and invasion of the primary tumour (T), the involvement of regional lymph nodes 

(N), and the presence of distant metastases or spread to other organs (M). These factors, along with the patient's general health, 

determine the specific stage of the cancer 21. 

The primary treatment options include surgery, radiotherapy, chemotherapy, immunotherapy, and targeted therapy 5,15. 

Surgery is frequently used in early stages to remove small tumours, polyps, or the affected segment of the colon. Chemotherapy 

and radiotherapy are employed to help shrink the tumour. Immunotherapy is used to stimulate the immune system to recognise 

and combat cancer cells. Targeted therapy involves drugs that attack specific proteins in cancer cells, thereby inhibiting tumour 

growth 22-25. 

Chemotherapy and radiotherapy treatments cause various adverse effects, such as nausea, diarrhoea, and mucositis, which neg-

atively impact the patient's quality of life. In this context, several strategies are being studied to improve antineoplastic treatment, 

and the ingestion of probiotics emerges as a new therapeutic option 26-28. 

Gut Microbiota 

The Human Gut Microbiota 

The human organism is colonised by a vast number of microbes (bacteria, fungi, archaea, viruses, and protozoa), the 

majority of which reside in the gastrointestinal tract (GIT). These microbes form the gut microbiota. Currently, the term 'micro-

biota' is considered more appropriate than 'gut flora', as the latter does not encompass the many non-bacterial elements present 

in the GIT 29-32. 

Therefore, the microbiota is defined as the population of microbes inhabiting the GIT 33. In contrast, the term 'microbiome' 

covers the entire habitat—that is, the collection of different microbes inhabiting the GIT along with their genetic material and 

the surrounding environmental conditions 33. The bacteria found in the GIT are extremely significant due to their vast numbers 

and increasing influence on the host's physiology and metabolism 34. 

 

Composition of the Gut Microbiota 

It is estimated that the gut microbiota consists of 10 to 100 trillion microorganisms living in symbiosis with each human 

being. The gut microbiota is regarded as an essential 'new' organ 35, involved in basic biological processes such as the modulation 

of the metabolic phenotype, regulation of epithelial development, and influence on innate immunity 36. 

The development and maturation of the gut microbiota is a dynamic process influenced by various factors, such as the mode of 

delivery, type of infant feeding, and antibiotic use 37. Other maternal factors, including prenatal stress and prolonged gestation, 

play a relevant role in the colonisation of the new-born’s gut microbiota 37. 

Microbial colonisation of the GIT begins immediately after birth, and this process can determine the predisposition to develop 

certain diseases throughout life 38. Infants born via vaginal delivery show gut colonisation by bacteria associated with the vagina, 

such as Lactobacillus and Prevotella 39. 

Conversely, infants born by caesarean section present a microbial profile similar to the mother's skin microbiota, including 

Staphylococcus, Corynebacterium, and Propionibacterium spp. The microbiota of these infants is less diverse, and the delayed 

colonisation of Bacteroidetes makes them vulnerable to certain pathogens and more predisposed to allergic diseases 40. 

By the end of the first year of life, the microbial profile is distinct for each child, and by approximately two and a half years of 

age, the adult microbiota composition is reached. Subsequently, the gut microbiota remains relatively constant until old age, at 

which point it begins to undergo changes possibly related to physiological status and diet 41-43. 

As an individual ages, the stability and diversity of their microbiota decrease alongside their state of health. The ageing of the 

intestinal walls, with the consequent decrease in gastric motility and stagnation of intestinal contents, leads to an increase in 

putrefactive bacteria 44,45. Other age-related factors influencing the microbial population include physiological changes, malnu-

trition, poor dietary choices, living conditions (hospitalisation, residential or nursing care), and the use of antibiotics and other 

prescribed medications 46-48. 
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The composition and function of the bacteria within the GIT microbiota have been extensively studied in recent years; however, 

the role of viruses, archaea, and unicellular eukaryotes inhabiting the human body is also gaining attention 49. Thus, although 

the gut microbiota is composed of various microorganisms, the study of bacteria shows how the physiological properties of each 

intestinal region are affected by chemical, nutritional, and immunological gradients along the organ 50. The microenvironment 

varies along the gastrointestinal tract in both the longitudinal and transverse axes, and identifying the resident species is vital for 

understanding the aetiology of certain diseases 51. 

Figure 3 illustrates the composition of the microbiota throughout the large intestine, highlighting the spatial distribution and the 

factors that modulate these microbial populations. 

Figure 3. Microbiota in the Large Instestine 51. 

The GIT is primarily dominated by two bacterial phyla: Bacteroidetes and Firmicutes. The former comprises Gram-

negative bacteria, representing approximately 20–30% of the microbiota, and includes the genera Bacteroides and Prevotella. 

Firmicutes are the most predominant, accounting for about 60–70%, and are divided into two main classes of Gram-positive 

bacteria: Bacilli (anaerobic bacteria) and Clostridia (aerobic or anaerobic bacteria). This phylum includes genera such as Clos-

tridium, Enterococcus, Lactobacillus, and Ruminococcus 52-56. 

These bacteria represent over 90% of the human microbial population, while Proteobacteria, Verrucomicrobia, and Actinobac-

teria are the phyla represented in smaller proportions among the remaining bacteria 49. Estimates of the number of bacterial 

species existing in the human intestine vary between studies, but it is generally accepted that it contains over 1,000 known 

bacterial species 57. 

The microenvironment varies throughout the gastrointestinal tract along both the longitudinal and transverse axes; thus, identi-

fying the resident species is vital for understanding the aetiology of certain diseases 33. 
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The small intestine plays a crucial role in maintaining the gut microbiota by providing an adequate environment for the coloni-

sation of microorganisms, particularly within the jejunum and ileum. Digestion and the absorption of food and nutrients occur 

in this region. In the duodenum, food transit is faster, and the abundance of oxygen restricts bacterial diversity and density. In 

the jejunum, bacterial colonisation is more diverse and increases in density. These bacteria are important for fermentation, pro-

ducing short-chain fatty acids (SCFAs) such as butyrate (the primary energy source for colon cells, which maintains the integrity 

of the intestinal barrier and exerts an anti-inflammatory role). The ileum is the final segment, which absorbs nutrients and con-

nects to the large intestine 40. 

It is observed that the distribution of the microbiota throughout the colon is not uniform, with the following factors playing a 

significant role 50,58-65: 

 

• pH variation along the colon: In the proximal regions, the environment is slightly more acidic due to the production 

of SCFAs. In the distal regions, the pH tends to be more neutral. 

• Oxygen availability: The colon is a predominantly anaerobic environment, especially in the distal regions where ox-

ygen is virtually non-existent. This favours the growth of anaerobic bacteria. 

• Natural antimicrobials: Intestinal cells produce antimicrobial molecules that modulate the composition of the micro-

biota, controlling the overproliferation of certain bacteria. 

 

These factors are crucial for maintaining the balance of the microbiota and preventing diseases. The primary groups of 

bacteria that comprise the gut microbiota, along with their respective functions, are identified in Table 1: 

Table 1. Primary groups of bacteria that comprise the gut microbiota and their functions. 

Bacteria (Phylum) Function Genus 

Bacteroidetes Fibre degradation, maintenance of the immune system, and 

intestinal health. 

Prevotella, Bacteroides 

Firmicutes Assistance in the digestion of complex carbohydrates and 

the production of short-chain fatty acids (butyrate). Fibre 

fermentation. 

Lactobacillus, Clostridium, Rumi-

nococcus, Faecalibacterium 

Actinobacteria Crucial for new-borns; associated with fibre fermentation 

and vitamin production. 

Bifidobacterium 

Proteobacteria Beneficial when in balance; however, uncontrolled in-

crease is associated with intestinal inflammation and 

dysbiosis. 

Escherichia coli 

 

Despite the sustainability of the microbiota during adulthood, its composition remains relatively stable. However, with 

ageing, physiological modifications occur in the gastrointestinal tract, alongside changes in dietary patterns, which are reflected 

in alterations to the microbiota’s composition. The gut microbiota in the elderly is characterised by reduced bacterial diversity 

and shifts in dominant species, leading to frailty 38. 

In addition to the factors already mentioned, others directly influence the composition of the gut microbiota, such as lifestyle, 

diet, antibiotic use, genetics, environment, geographical region, and ecological biodiversity 66. 

 

Functions of the Gut Microbiota 

The symbiotic relationship between the gut microbiota and the host has a profound impact on various aspects of human 

physiology. In addition to the metabolic component, the microbiota also performs structural functions and provides protection 

against pathogens 29. 
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Primary Metabolic Functions 

Fermentation and Digestion: Members of the Bacteroidetes and Firmicutes phyla possess the largest set of genes encoding 

enzymes responsible for the degradation of polysaccharides. This process results in the release of gases (methane, hydrogen, and 

carbon dioxide) and the production of SCFAs—such as acetate, propionate, butyrate, valerate, isovalerate, and hexanoate—

along with organic acids (lactate and succinate) and alcohols (methanol and ethanol). Following microbial processing, the end 

products of carbohydrate fermentation are gases and SCFAs (acetate, propionate, and butyrate) 67,68. 

Butyrate serves as an energy substrate for colonocytes, acting as the primary energy source for intestinal epithelial cells, and 

possesses anti-cancer and anti-inflammatory properties 69,70. 

Acetate is metabolised to produce glutamine, maintaining intestinal barrier integrity by lowering pH. It exerts a laxative effect, 

promotes the secretion of intestinal hormones, and improves the absorption of Ca, Mg, Fe, Zn, and Cu. It also inhibits the 

production of pro-inflammatory cytokines in the small intestine 71-73. 

Propionate acts systemically; at the hepatic level, it inhibits the synthesis of fatty acids and cholesterol, supports cardiovascular 

health, reduces and regulates blood pressure, and acts upon the gut-brain axis 74. 

 

Structural and Protective Functions 

The structural functions of the gut microbiota include the differentiation of intestinal cells and the proliferation of both 

intestinal epithelial cells and intraepithelial lymphocytes. Protective functions include accelerating the rate of epithelial turnover, 

the maturation of lymphoid tissue, and the anatomical development of the intestinal epithelium 75-78. 

Fatty acids are almost entirely used as an energy source and are absorbed in the colon through two mechanisms: diffusion or ion 

exchange 40. 

 

• Synthesis of Compounds: The microbiota performs various metabolic activities, notably catabolism—the breakdown 

of complex molecules into simpler substances to facilitate nutrient absorption. Furthermore, it participates in biocon-

version, transforming compounds that the host organism would otherwise be unable to process. The microbiota also 

synthesises a range of substances, including vitamins, SCFAs, and other bioactive compounds 79. 

• Vitamin Production: The gut microbiota is responsible for the synthesis of vitamins such as Vitamin K, riboflavin 

(B2), biotin, niacin (B3), pantothenic acid (B5), pyridoxine (B6), thiamine (B1), and Vitamin B12. Lactic acid bacteria 

are fundamental to this production. The genus Bifidobacterium, in particular, is the primary producer of folic acid 

(B9), which is involved in vital host metabolic processes, including DNA synthesis and repair 50. 

• Mineral Absorption: The gut microbiota has the capacity to ferment complex carbohydrates, such as cellulose, as well 

as non-starch polysaccharides and oligosaccharides that are resistant to digestion by host enzymes 79. 

 

Immune System and Pathogen Prevention 

The preferred energy source for enterocytes is butyrate. This fatty acid has multiple effects on host physiology, including 

anti-inflammatory and anti-tumour activity 79. Butyrate also regulates energy homeostasis, stimulating enteroendocrine cells in 

the gut to activate leptin production by adipocytes, leading to a sense of satiety 80. 

 

Intestinal Mucosa Integrity 

The gut microbiota performs a protective function resulting from its interaction with the intestinal immune system. In-

testinal lymphoid tissues, including gut-associated lymphoid tissue (GALT) and Peyer's patches, developed as a result of the 

symbiotic relationship between the microbiota and the host. The chemical barrier associated with innate immunity is represented 

by mucus, antimicrobial peptides, and immunoglobulin A (IgA) 40. 

In conclusion, the gut microbiota plays a fundamental role in human health, performing several essential functions such as 

nutrient digestion and synthesis, immune system modulation, prevention of pathogenic cell growth, vitamin production, mainte-

nance of intestinal mucosa integrity, metabolic regulation, and the production of metabolites and bioactive compounds 81. 
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Dysbiosis and its Consequences 

Maintaining the balance of the gut microbiota is essential for human homeostasis and health 82. Variations in the intestinal 

microenvironment can cause alterations in homeostasis, upsetting the balance between the gut microbiota and the host. This 

imbalance is known as dysbiosis. 

In this state, the overgrowth of opportunistic pathogens leads to chronic inflammation, which in turn induces mutations, inhibits 

apoptosis, or stimulates angiogenesis and cellular proliferation. Dysbiosis also causes the biosynthesis of genotoxins that inter-

fere with cell cycle regulation, the production of toxic metabolites, or the activation of heterocyclic amines. This creates an 

environment where potentially carcinogenic substances are generated or activated 39, leading to the onset and progression of 

inflammatory digestive diseases, irritable bowel syndrome, colorectal cancer, obesity, metabolic diseases, neurodegenerative 

diseases, asthma, and allergies 83. Dysbiosis can be caused by dietary changes, inflammation, immune system deficiency, infec-

tion, or exposure to antibiotics and toxins 82. 

The characterisation of dysbiosis may assist in the identification of pathology. In conditions such as colorectal cancer and coeliac 

disease, as well as during antibiotic treatments or in cases of obesity, there is an increased prevalence of Enterobacteriaceae, 

including Escherichia coli. These are also found in patients with Crohn’s disease or ulcerative colitis, the two forms of inflam-

matory bowel disease 82. 

The influence of the gut microbiota on the host's neurophysiology, nervous system functions, and human behaviour has generated 

significant interest. The activities of the gut microbiota can control the nervous system by regulating the immune response and 

contributing to the aetiology of behavioural disorders such as anxiety, depression, and autism spectrum disorder, as well as 

diseases like Alzheimer’s or Parkinson’s 84. The use of probiotics is recommended to reverse microbial dysbiosis and preserve 

the balance of the gut microbiota, occupying host tissues and thereby preventing colonisation by pathogenic bacteria 85. 

Conclusion 

CRC remains a significant global health challenge, with its rising incidence—particularly among younger populations—driven 

by sedentary lifestyles and dietary imbalances. This study underscores the fundamental role of the gut microbiota as a critical 

mediator in both the development and management of CRC. Intestinal dysbiosis, characterised by an overgrowth of opportunistic 

pathogens, creates a pro-inflammatory and pro-carcinogenic environment that facilitates tumour progression. 
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