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ABSTRACT  

Inflammation is considered as one of the main defence mechanisms of the immune 

system against threats that occur in the body. When present in its acute form, minimal or no 

detectable subsequent damage of original affected tissue exists. The more pathological form, 

chronic inflammation, is associated with permanent damage of the tissue and typically a 

hallmark of various diseases such as ulcerative colitis or colon carcinogenesis. These two 

pathologies are evolving in the unique colon microenvironment, where intensive interaction 

between the host cells and bacteria is present. The aim of our study was to investigate the 

immunological (ELISA, FACS, RT-PCR) and structural (histology, confocal microscopy) 

changes in the colon mucosa of Wistar-AVN rats induced by dextran sodium sulphate (DSS) 

to produce colon colitis and by azoxymethane (AOM) to produce colon carcinogenesis. 

Conventional (CV) and also germ-free (GF) reared animals were used to investigate the 

effects of the mucosal inflammation activated by the administered inducers as well as the 

role of colon microbiota - as promoters of a continuous immune activation - in the 

modulation of immunity and collagen scaffold remodelling. Our results showed that even in 

the early period after the induction, both inducers produced a smouldering inflammation, 

able to activate immunological and collagen structural changes in the colon mucosa. This 

can be indicated as a consequence of variation of what we can call ñinflammatory thresholdò, 

representing the limit of tolerance for not dangerous inflammation. Significant differences 

were found between CV and GF mucosa structure with higher complexity in the CV rats 

associated to a more activated immune environment. The cytokine production in CV rats 

was more balanced, regulated to achieve homeostatic levels present in GF rats. This project 

has achieved the main result attended, i.e., identification of a new marker (collagen scaffold 

modification) linked to the immunological environment in the colon mucosa, with 

predominance of IL -6, perspective to be used for very early detection of cancer risk and local 

immunological pathology. 

 

 

 

 

 



ABSTRAKT (CZ)  

Z§nŊt je povaģov§n za jeden z hlavn²ch obrannĨch mechanismŢ imunitn²ho syst®mu 

pŚed hrozbami, kter® se v tŊle vyskytuj². Pokud jsou pŚ²tomny v akutn² formŊ, existuje 

minim§ln² nebo ģ§dn® detekovateln® n§sledn® poġkozen² pŢvodn² postiģen® tk§nŊ. 

PatologiļtŊjġ² forma, chronickĨ z§nŊt, je spojena s trvalĨm poġkozen²m tk§nŊ a je typickĨm 

znakem rŢznĨch onemocnŊn², jako je ulcer·zn² kolitida nebo karcinogeneze tlust®ho stŚeva. 

Tyto dvŊ patologie se vyv²jej² v jedineļn®m mikroprostŚed² tlust®ho stŚeva, kde je pŚ²tomna 

intenzivn² interakce mezi hostitelskĨmi buŔkami a bakteriemi. C²lem naġ² studie bylo 

vyġetŚit imunologick® (ELISA, FACS, RT-PCR) a struktur§ln² (histologick®, konfok§ln² 

mikroskopie) zmŊny v sliznici tlust®ho stŚeva potkanŢ Wistar-AVN vyvolan® dextranem 

s²ranem sodnĨm (DSS) za vzniku kolitidy tlust®ho stŚeva a azoxymethanem (AOM) za 

vzniku karcinogeneze tlust®ho stŚeva. Konvenļn² (CV) a tak® bezmikrobn² (GF) zv²Śata byla 

pouģita k vyġetŚov§n² ¼ļinkŢ z§nŊtu sliznice vyvolan®ho podanĨmi induktory a role 

mikrobioty tlust®ho stŚeva - jako promot®ru kontinu§ln² imunitn² aktivace - pŚi modulaci 

pŚestavba imunity a kolagenov®ho leġen². Naġe vĨsledky uk§zaly, ģe i v ļasn®m obdob² po 

indukci vyvolaly oba induktory Ădoutnaj²c² z§nŊtñ, schopnĨ aktivovat imunologick® a 

kolagenov® struktur§ln² zmŊny ve sliznici tlust®ho stŚeva. Lze to oznaļit jako dŢsledek 

variace toho, co mŢģeme nazvat Ăz§nŊtlivĨm prahemñ, coģ pŚedstavuje hranici tolerance pro 

nebezpeļnĨ z§nŊt. Byly nalezeny vĨznamn® rozd²ly mezi strukturou CV a GF sliznice, 

vĨznamnŊjġ² u CV potkanŢ spojenĨch s aktivnŊjġ²m imunitn²m prostŚed²m. Produkce 

cytokinŢ u CV potkanŢ byla vyv§ģenŊjġ², regulovan§ k dosaģen² homeostatickĨch hladin 

pŚ²tomnĨch u GF potkanŢ. Tento projekt dos§hl hlavn²ho oļek§van®ho vĨsledku, tj. 

identifikace nov®ho markeru (modifikace kolagenov®ho leġen²) nav§zan®ho na 

imunologick® prostŚed² ve sliznici tlust®ho stŚeva, s pŚevahou IL-6, s perspektivn²m 

pouģit²m pro velmi vļasn® odhalen² rizika rakoviny a lok§ln² imunologick§ patologie. 
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INTRODUCTION   

 The immune system is composed by the complex of cells, circulating or present in 

tissues, organs (like spleen, lymph nodes and thymus) and operates through various types of 

molecules in a network able to intervene and to protect the integrity of the organism from 

external (e.g. microbes) or internal (e.g. transformed cells) treats. Its activity is classically 

divided in innate and adaptive immune responses. The first, the most ancient in the 

phylogenesis, is immediate and aspecific, the second, characteristic of vertebrates, is 

following the first and addressed to recognize and aggress specific targets, antigens (Bonilla 

and Oettgen 2010, Boehm and Swann 2014).  

Inflammation is important part of the innate immune responses. Recognized since 

the ancient medicine observations of the reactions to wound or infections, it was clinically 

described by Celsus (25 B.C.-50 A.C.) in its acute characteristics (Rather 1971): redness 

(corresponding to vasodilation), local increase of temperature (due to increase of blood 

flow), swelling (due to vessel permeabilization and plasma accumulation in the perivascular 

spaces), pain (due to tension in the tissue and stimulation of the nervous terminations by 

inflammatory products), to which were later added the alteration of function (Virchow, XIX 

century) (Bagot and Arya 2008). Only more recently the immunological and molecular 

mechanisms producing this response were progressively enlightened and are still under study 

for their complexity. The general principle of inflammation includes recruitment of immune 

cells to the site of tissue damage to permit the limitation and elimination of the treat, the 

clearing of the damaged tissue and its repair (Medzhitov 2008).  The inflammation can be 

differentiated to acute or chronic form with different pathological, immunological and 

molecular aspects. The acute form is more common and physiologically self-resolving, 

becoming pathologic only under special conditions even life-threatening such as septic 

shock, cytokine storm or allergic reactions (Angus and van der Poll 2013, Karbian, Abutbul 

et al. 2020). The chronic form is a not resolving inflammation, more dangerous and 

pathogenic, associated with the permanent tissue damage and remodelling, leading to 

malfunction of organs, and even cancer promoting factor recognized as a typical hallmark 

of evolving tumours (Shacter and Weitzman 2002, Hanahan and Weinberg 2011, Zhao, 

Liang et al. 2016). It is also the common pathological feature of inflammatory bowel diseases 

(IBDs), which are characterised by permanent inflammation of intestinal tissue inducing 

mucosal damage and tissue remodelling toward fibrosis and even cancer (Zhang and Li 

2014, Latella, Di Gregorio et al. 2015, Axelrad, Lichtiger et al. 2016). The tissue remodelling 
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is an example how immunological changes in organs can be very often mirrored into 

physiological and morphological changes of tissues. In the case of chronic inflammation, 

very typical phenomenon is the progression toward fibrosis of tissues, caused by upregulated 

production of collagen fibres by activated fibroblasts. The increased collagen production can 

be found also in various tumours (e.g., pancreas, breast cancers) (Chandler, Liu et al. 2019, 

Thomas and Radhakrishnan 2019, Dey, Varelas et al. 2020). 

 In consideration of the effects that differently activated immunity can have also on 

the structural organization of a tissue, we decided to evaluate this relationship in 

experimental animals and to find the evidence of its importance both in tumoral and nonï

tumoral conditions.  

 

The main goal of our project was to study on rodent animal models the aspects of 

inflammation in conditions mimicking IBDs or cancer in human patients and also to see the 

effect of the continuously activated immunity in the colon mucosa of conventional (CV) 

animals versus germ-free (GF) animals. This last model was taken as a direct evidence of 

the importance of chronic inflammation, at various degrees, on the tissue structure 

organization and modelling. We used dextran sodium sulphate (DSS) to produce the IBD 

model and azoxymethane (AOM) to induce carcinogenesis model. We evaluated 

microscopic and immunological changes in the colon mucosa as well as immunological 

changes in the spleen and mesenteric lymph nodes. The colon was chosen as an ideal model 

for immunity-structure relationship because one of the most important immunological 

organs, continuously activated and regulated by its own microbiota, and common place for 

development of colitis as well as of cancer. Since the possibility to follow the evolution of 

both illnesses in the chosen models, we particularly focused on the early period post-

induction, preliminary to the establishment of the definitive illnesses. It is a not yet evaluated 

period despite its importance to clarify the conditions preparing evolution of the pathological 

environment.  

We found that even in early period very significant associations between molecular 

changes in the local immunity of the colon and its morphology are already present, sustained 

by a ñsmoulderingò inflammation. The prevalence of inflammatory molecules, even though 

in a downregulated immune environment, associated to clearly measurable alterations of the 

collagen scaffold in the colon mucosa suggests that immunity plays an important role in 

modulation of colon tissue structure. An increased production of pro-inflammatory cytokine 

IL -6 was found one month after the end of DSS treatment, accompanied by decreased 
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production of interleukin-1Ŭ (IL-1Ŭ), transforming growth factor ɓ1 (TGF-ɓ1) and, partially, 

interferon-ɔ (IFN-ɔ). The expression of Il1a, Il1b, Ifng and Tgfb1 genes was decreased after 

both treatments. Colon tissue structure was significantly more irregular after DSS and AOM, 

with intensively increased collagen production and alteration of the mucosa symmetry. For 

the first time, we showed that changes in the colon tissue architecture can be observed even 

in the early periods after the treatment, i.e., initial evolution of the illnesses, which brings 

possibility to their use as a new diagnostic marker for recognizing IBD or colon cancer prone 

patients.  

Our experiments further focused on the modulation of local immunity and colon 

tissue structure in healthy rats under either CV, with microbiome, or (GF), without 

microbiome, conditions. Very significant differences between CV and GF rats were 

observed at macroscopic, microscopic and molecular levels, confirming important role of 

the continuous challenge and regulated immune activation induced by the intestinal 

microbiota, locally and in the body. Production of cytokines was lower in GF rats than in 

CV ones, except of IL-6. The expression of all cytokine genes was lower in GF rats. Very 

interesting differences were found by confocal microscopy. The collagen structure of GF rat 

colon mucosa was more irregular with higher distances between centres of the glands and 

with lower integrated density of fibres. When evaluating immune cell distribution, all studied 

tissues (peripheral blood, spleen, mesenteric lymph nodes) showed higher population of 

natural killer (NK) cells in GF rats. All data indicated that the condition of continuously 

activated immunity induced by the commensal microflora in the colon mucosa was able to 

shape the structure of the mucosal scaffold, confirming its plasticity and adaptation to the 

immune stimulations.  

 

Additionally, very preliminary experiments were also designed, trying to evaluate 

the immuno-biological and structural changes in the colon mucosa of CV and GF rats in the 

early period after the DSS-induced colitis.  

The final preliminary project included the study of cytokine production and structural 

changes of collagen scaffold in the colon of CRC patients before the chemotherapy or 

radiotherapy treatment in the frame of a collaboration with Dr. Pavel Vodiļka and his team 

at the Institute of Experimental Medicine of the CAS, v.v.i. to associate a genetic approach 

to the CRC-promoting factors, in the view of a comparison between results in the human 

samples and in the experimental animal models. 
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1. LITERATURE OVERVIEW  

 

1.1 Generalities of immunity 

 The general role of immunity is to defend the organism against microbes and other 

non-self agents to preserve the organism integrity and homeostasis. It is the complex of 

various cells and molecules involved in this defence constitutes the immune system. Its 

importance for body is evident in individuals with defective immune system who develop 

infections even from commonly non-pathogenic microorganisms, often with life-threatening 

conditions (De Silva, Gunawardena et al. 2007, Chinen and Shearer 2010). However, the 

immune reactions can also have adverse impacts on healthy tissues during processes such as 

inflammation or when abnormal activation of immunity is stimulating the development of 

autoimmune diseases or allergies (Ferguson 2010, Aksu, Donmez et al. 2012). During the 

tumour development, the immunity can also generate contrasting responses, depending on 

the phase of tumour evolution (Pawelec, Derhovanessian et al. 2010, Thorsson, Gibbs et al. 

2018).  

The immune responses are divided mainly to innate (native) and adaptive immunity. 

Both types of responses have some common and specific mechanisms by which they 

recognise and eliminate threats to prevent the damage of the organism. 

The cells of the immune system can be generally divided to either resident or 

circulating, which can be attracted to a damaged tissue by chemotactic gradient when danger 

signals are arising. Resident immune cells (macrophages, dendritic cells, mast cells) 

recognise the dangerous agents (e.g., microbes, transformed cells), kill and ingest them and 

present antigens to other immune cells of adaptive immunity, the B and T lymphocytes. 

These cells circulate in the body through lymphoid organs to peripheral tissues and, once 

primed, they produce antibodies or directly kill infected cells. Finally, effector cells 

(neutrophils, monocytes, T lymphocytes) are present at the site of infection and actively try 

to eliminate infectious agents, infected or transformed cells. The reciprocal communication 

between these groups of cells is necessary for successful immune response. The overview of 

innate and adaptive immune cells is show in Fig. 1.  

Macrophages are long-living cells present in all connective tissues and organs of the 

body, able to present antigens to adaptive immune cells. To become activated, macrophages 

need to receive more activating signals from Toll-like receptors (TLRs), NOD-like receptors 

(NLRs), mannose, scavenger and complement receptors. Two distinct pathways of 
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macrophage activation exist: 1) classical through TLRs and by IFN-ɔ activates M1 

macrophages that are involved in the inflammation and destroying microbes; 2) alternative 

in the absence of TLRs but with interleukin-4 (IL-4) and IL-13 contribution, produce M2 

macrophages which play repair functions and inhibit inflammation (Sica and Mantovani 

2012). These M2 are also common in the tumour microenvironment and enhance tumour 

growth by supressing other immune cells.  

Another group of (APCs) are the dendritic cells (DCs), which very effectively present 

antigens to T lymphocytes and produce cytokines for their activation and differentiation 

from naµve to effector T cells. The presentation of the antigen linked to the major 

histocompatibility complex (MHC) molecules to T lymphocytes is in the peripheral lymph 

nodes. Very specific functions play DCs in the immunity of colon mucosa, where in the 

colon lumen they recognise the antigens originating from commensal bacteria, normally 

developing intensive immunological tolerance, which turns to immune response in the case 

of infection by pathological bacteria (Esterhazy, Loschko et al. 2016). The all described 

activities show the integration between innate and adaptive immune system.  

Mast cells are evolving in the bone marrow and are localised in the skin and mucosal 

epithelia. When activated, they release many potent inflammatory mediators that defend 

mainly against parasite infections, or cause symptoms of allergic diseases.  

Other very important cells of innate immunity are granulocytes (neutrophils, 

eosinophils, basophils), which play different functions in the body. Neutrophils are the most 

abundant cells of innate immunity, circulating in the blood cells and involved mainly in the 

acute inflammatory reactions. The major function of neutrophils is to phagocytose microbes 

and products of necrotic cells. Moreover, neutrophils produce antimicrobial substances that 

kill extracellular microbes. Basophils constitute less than 1% of blood leukocytes and they 

are normally not present in tissues. They are recruited to the inflammatory sites, express IgE 

receptors, bind IgE on infected cells and play similar functions as mast cells, mainly in 

allergic reactions. Eosinophils express cytoplasmic granules containing enzymes that are 

harmful to the cell walls of parasites, these cells circulate in the blood, from which they can 

migrate to the site of infection. Some eosinophils are also present in peripheral tissues, 

especially in mucosal linings of the respiratory, gastrointestinal (GIT), and genitourinary 

tracts, and their numbers can increase by recruitment from the blood in the setting of 

inflammation.  

NK cells are specific components of innate immunity (approx. 10 %), they recognise 

infected or damaged cells and respond directly killing these cells. Additionally, they produce 
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IFN-ɔ as major activator of macrophages (Dungan, McGuinness et al. 2014). Many 

cytoplasmic granules are present inside of NK cells, they lack antigen or T cell receptors but 

express activating and inhibitory receptors on their surface. The resulting response of NK 

cells to host cells that lack class MHC I is determined by a balance between signals from 

these two types of receptors.  

The innate immunity uses also soluble proteins defensis, cathelicidins, pentraxins and 

complement system to kill the infected cells. The complement system involves around 60 

soluble plasma proteins that work together to opsonize microbes, to promote the recruitment 

of phagocytes to the site of infection, and in some cases, to directly kill the microbes. 

Complement proteins are activated through three distinguished pathways: classical, 

alternative and lectin pathway. Recognition of microbes by any of these pathways lead to 

formation of protease complexes killing the infected cells.  

Very special group of innate immune cells represent NK T lymphocytes (NKT) and 

ɔŭ T lymphocytes that are sharing the characteristics of innate and adaptive immune cells. 

In general, they kill the infected cells by innate immune mechanisms but express on their 

surface molecules that are typical for the adaptive immunity. Because NKT cells can 

recognise lipids on the surface of microbes, they are mainly involved in defence against 

mycobacteria (Pfeffer, Schoel et al. 1991). ɔŭ T cells recognize many different types of 

antigens, including some proteins and lipids, phosphorylated molecules and amines and they 

are involved mainly in the response to antigens present on epithelial tissues.  

The last group of immune cells, exclusively involved in the adaptive immunity are 

the lymphocytes. More information about these cells is discussed in Chapter 1.1.2.  
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Figure 1: Schematic overview of immune cells involved in innate and adaptive immunity. The 

cells of innate immunity include granulocytes, macrophages, dendritic cells, mast cells and 

NK cells, completed by soluble proteins such as complement. NK T cells and ɔŭ T cells are 

on the edge between innate and adaptive immune responses. These cells share the 

characteristics of both innate and adaptive immune cells. Adaptive immunity is exploited 

exclusively by lymphocytes, divided in antibody-producing B cells and T cells that can 

directly kill transformed or infected cells (CD8+) or play supportive functions for B and 

CD8+ T cells (CD4+ T helper cells). Adapted from (Dranoff 2004). 

 

 1.1.1 Innate immunity 

 

 Innate immunity is ancient and less elaborated system that immediately recognises 

and eliminates pathogens or foreign agents. The first line of defence against microbes are 

tissue barriers, such as skin or mucous membranes. In case microbes succeed to break these 

barriers and enter the body, innate immune responses are activated, cells called phagocytes 

and NK cells are recognising microbes and try to eliminate them. Another part of innate 

responses includes production of antimicrobial peptides and several plasma proteins such as 

complement system molecules, which recognise and react against the microbes. The innate 

and adaptive immunity are not separated but connected each other, the innate immune 

responses to danger signals stimulate adaptive immune responses. Conversely, adaptive 

immune responses are enhancing the protective mechanisms of innate immunity, making 

them more capable of effectively eliminating the source of danger. The innate system has no 
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capacities to recognise specific antigens, instead its cells and molecules recognise general 

molecular patterns using restricted defence mechanisms against them.  

  

 1.1.2 Adaptive immunity 

 

 Adaptive immunity is considered as more evolved, sophisticated system able to 

specifically recognise and target unlimited number of various antigens, typically present in 

vertebrates only. In comparison with the innate immunity, the reaction of adaptive immunity 

to threats takes more time to develop, needing the presentation of antigens by specialized 

cells. Antigens become available during the activity of innate immunity response as 

illustrated in Fig. 2, showing the immune response against the viral infection. Adaptive 

immunity is specific and effectively activated against concrete targets. Effector cells of 

adaptive immunity are T and B lymphocytes, which after priming by a specific antigen 

expand, creating two different subpopulations, one immediately active and the other creating 

a colony of memory cells ready to be reactivated in the case of repeating contact with the 

threat. The B lymphocytes are producing the antibodies (humoral immunity), while T 

lymphocytes (cell-mediated immunity) directly contact and kill the target (cytotoxicity).  

 

Figure 2: Development of innate and adaptive response to viral infection. The immune response 

to viral infection firstly activating the innate immunity with the involvement of type I 

interferons and significant proliferation of NK cells. Later, the adaptive immunity is 

activated, cytotoxic T cells are proliferating, and B cells are producing specific antibodies 

against virus. The titre of virus is progressively decreasing, as well the damaged tissue is 

repaired. This figure illustrates the timing of immune response to infection and the 

cooperation between innate and adaptive immunity in general. Adapted from (Sego, 

Aponte-Serrano et al. 2020). 
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 While B lymphocytes recognise antigens by the surface immunoglobulin receptors, 

T lymphocytes bind to antigens presented by MHC (major histocompatibility complex) 

receptors on the surface of APCs by the T cell receptor complex (Fig. 3). However, B 

lymphocytes are also able to process antigens and present them through MHC II molecules 

to CD4+ T helper lymphocytes (Th). Cytotoxic T lymphocytes (CTLs) exert the cytotoxic 

activity by creating the immunological synapses with the targeted cells through which 

perforin and granzyme B molecules are released and killing the targeted cells. Th cells are 

on the other hand necessary for sustaining of the proper function of cytotoxic T and B 

lymphocytes by specific cytokine release (IL-2, IL-4, IL-5, IL-17) and can be divided into 

six subgroups, including Th1, Th2, Th9, Th17, Th22 and T follicular helper cells according 

to either specific type of response (Th1, Th2) or a specific cytokine production, e. g. Th17 

releasing IL-17 (Cosmi, Maggi et al. 2014). Th1 are involved in pro-inflammatory responses 

to agents, mediated mainly by IFN-ɔ and activating CD8+ T lymphocytes. Th2 are activated 

as a downregulating and tissue-remodelling function in the inflamed tissue and are sustaining 

B lymphocytes and the humoral immune responses (antibodies). Th17 cells are involved in 

the host defences against extracellular pathogens and T follicular helper cells are localised 

in the germinal centres of secondary lymphoid organs, where they mediate the selection and 

survival of B cells capable of producing high-affinity antibodies (Crotty 2019). A specific 

subtype of CD4+ cells are the regulatory T lymphocytes (Tregs) that have regulatory 

functions in the immune responses. Tregs are able to inhibit T cell proliferation and cytokine 

production and play also critical roles in preventing autoimmunity. This particular type of 

CD4+ cells can exert either protective functions or impeding the immune reaction against 

tumours. They are attracted to tumour microenvironment by chemokine gradient, producing 

variety of molecules involved in suppression mechanisms, including CTLA-4 (cytotoxic T-

lymphocyte-associated protein 4), IL-2, IL-10, IL -35 and TGF-ɓ1. The infiltration of Treg 

into tumour microenvironment is associated with poor survival in various types of cancer 

(Sakaguchi, Yamaguchi et al. 2008, Ohue and Nishikawa 2019). 

Lymphocytes exit from a lymph node via the cortical sinuses, which lead into the 

medullary sinus and then the efferent lymphatic vessel. This process is driven by lipid 

molecule sphingosine 1-phosphate (S1P), which has chemotactic activity and signalling 

properties similar to those of chemokines. The subsequent migration of effector lymphocytes 

to peripheral tissues requires the activation of changes in the expression of surface 

molecules. For example, T lymphocytes decrease the expression of L-selectin and CCR7 on 

one hand but increase the expression of integrins and E-selectin and P-selectin ligands on 
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the other hand. These molecules mediate cell binding to endothelium at peripheral 

inflammatory sites. Effector lymphocytes also express receptors for chemokines that are 

produced in infected peripheral tissues, e. g. CXCR3 and CCR5 in Th1 cells, Th2 cells 

express CCR3, CCR4, and CCR8 in Th2 cells (Kim and Broxmeyer 1999). 

 

 

 

 

Figure 3: The roles of B and T lymphocytes in adaptive immunity. Adapted from (Parkin and 

Cohen 2001) 

 

   Cutaneous and mucosal structures (e. g. gastrointestinal and respiratory tracts) are 

other very specific sites of immune cell localisation (lymphocytes, APCs) and immune 

recognition of agents. The immune cells are present either diffusely beneath the epithelia or 

organised in more complex structures like tonsils in the respiratory tract and PeyerËs patches 

in the GIT or in intramucosal follicles in the colon (Fig. 4). Cutaneous and mucosal 

structures can be considered as the biggest immune organ in the body because of around 25 

% of lymphocytes are concentrated here. 

 The other cells and mechanism of immune reactions to threats will be discussed in 

the next chapters. Cytokines represent a special category of proteins mediating the immune 

reactions in the body, functions of immune cells and communication between them. 

Cytokines are divided into several groups: type 1 cytokines such as interleukins (IL) , type 2 

cytokines such as interferons (IFN), tumor necrosis factor superfamily including tumor 

necrosis factor Ŭ (TNF-Ŭ), interleukin-1 family including IL-1Ŭ, IL-1ɓ, IL-18, IL-33 and 
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other cytokines such as TGF-ɓ and chemokines (Kelso 1998, Kelso 2000, Cameron and 

Kelvin 2003). The production and monitoring of levels of cytokines can be measured by 

various methods, enzyme-linked immunosorbent assay (ELISA), real-time polymerase chain 

reaction (RT-PCR), fluorescence-activated cell sorting (FACS) and can be used both in the 

clinical and experimental practice to monitor the physiological and pathological conditions. 

In our studies, we evaluated the variation of pro-inflammatory or regulatory cytokines in 

induced colitis and colorectal carcinogenesis in experimental animals as well as in the 

comparison between GF and CV (with microbiota) animals.  

 

 

 

Figure 4: The representative histological visualisation of lymphoid follicle localised in the rat 

colon mucosa. Method: Haematoxylin-Eosin staining, original magnification: 20x 
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1.2 Colon as a model for immunological study of 

inflammation and tumour development 
 

1.2.1 Anatomy of the colon 

 

Colon represents a unique structure suitable for studying the immune processes in 

the body. IBD and cancer can be easily induced in the colon of experimental animals and 

resemble the ulcerative colitis and CRC in human. Since these two important pathologies 

arise in the same organ and share inflammation as one of the important factors that 

characterise their development, colon is an ideal system for evaluating in experimental 

animals and in the same organ the importance of inflammation and its effects on the involved 

structures. Thanking to availability of GF animals, it is also possible to evaluate the role of 

microbiota in the modulation of local immunity and structure of colon under different 

conditions. 

The colon is the last part of GIT, conventionally divided to caecum, ascending or 

right colon, transversal part, descending or left colon, sigmoid and rectum. From the small 

bowel, colon receives digested food, from which it absorbs water and electrolytes to form 

faeces. The colon is intensively vascularized, and it is the place of sophisticated immune 

system that maintains the homeostasis with microbiota resident there. The colon wall is made 

up of four layers of specialised tissue, stratified from the lumen outward following this 

sequence: mucosa, submucosa, muscular layer and serosa (peritoneum) (Fig. 5). Immune 

processes are present mainly in the mucosa part, which can be divided to other three layers: 

1) the epithelium is the innermost layer where most digestive, absorptive and secretory 

processes occur; 2) the lamina propria, a layer of connective tissue within the mucosa; 3) the 

muscularis mucosae, a thin layer of smooth muscle. The submucosa consists of a dense layer 

of connective tissue with the blood vessels, lymphatics, and nerves branching into the 

mucosa and muscular layer. The muscular layer also known as the muscularis propria 

consists of two layers of muscle, important for the peristalsis. The last layer of colon wall, 

serosa, consists of several layers of connective tissue, covered by a simple squamous 

epithelium called the mesothelium, which reduces frictional forces during digestive 

movements. Muscular and vessel structures are controlled by parasympathetic nervous 

system (vagus nerve). According to some studied, vagus nerve activity is also associated 

with the modulation of the inflammation (Borovikova, Ivanova et al. 2000). 

(http://www.histology.leeds.ac.uk/digestive/GI_layers.php) 

http://www.histology.leeds.ac.uk/digestive/GI_layers.php
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Figure 5: The anatomy of colon wall.  

Adapted from https://basicmedicalkey.com/gastrointestinal-function/ 

 

1.2.2 Mucosa as an immunological organ  

 

The GIT itself has an enormous surface and can be considered as the biggest immune 

system in the body. The continuous presence of bacteria that in human counts about 10-times 

higher than the body cells and about 30-times higher number of genes than in human body, 

forms the universe that can influence its own host, including the immune system. The 

bacterial and food antigens permanently activate the innate and adaptive immune responses 

in the mucosa that, on the other hand, need to be regulated to avoid severe damage of own 

GIT tissues. The study of GIT-associated immune processes brings an opportunity to 

understand the complexity of immunity. The basic mechanism that protects the body against 

infections from intestinal lumen include: 1) presence of thick layer of mucus in the intestinal 

lumen; 2) the production of antimicrobial peptides by epithelial cells; 3) the massive 

https://basicmedicalkey.com/gastrointestinal-function/
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production of IgA antibodies by plasma cells resident in the lamina propria layer below the 

epithelial cells. The production of IgA counts for about 20 % of all antibodies produced in 

the body (Gill, Wlodarska et al. 2011). 

 The innate immunity of the GIT involves even the cells of intestinal wall. The goblet 

cells producing the mucus, the M cells capturing antigens and Paneth cells producing 

antimicrobial peptides intensively cooperate with other cells of innate immunity localised 

beneath the mucosal epithelium (Kurashima and Kiyono 2017). The macrophages and 

dendritic cells evolved specific functions in the intestinal tract. They are able to recognise 

the antigens, but the expression of inflammatory genes is not activated, and these cells 

produce high amounts of IL-10 and TGF-ɓ1 as immunosuppressive cytokines (Ueda, 

Kayama et al. 2010, Worthington, Czajkowska et al. 2011, Farache, Zigmond et al. 2013). 

Also other types of immune cells are present in the intestinal mucosa like innate lymphoid 

cells (ILCs), NKT cells and ɔŭT cells (Ciccia, Guggino et al. 2015, Shiromizu and Jancic 

2018, Brailey, Lebrusant-Fernandez et al. 2020). Among them, ILC3s respond to IL-1ɓ and 

IL -22 by increased production of IL-17 (Ciccia, Guggino et al. 2015). The special type of 

innate immune cells in the intestines represent mucosal-associated invariant T cells, 

localised mainly in the liver thus protecting the body against bacteria and fungi that escaped 

from the intestines to the blood stream (Jeffery, van Wilgenburg et al. 2016). 

 The adaptive immunity of the gut-associated lymphoid tissue (GALT) is specific and 

differs from the adaptive immune mechanisms in other organs. The immune responses are 

based on one hand on humoral immunity through IgA production (Macpherson and Uhr 

2004). On the other hand, on cell-mediated responses based on Th2 cells (McCoy, Ignacio 

et al. 2018). All immune responses against bacteria and food antigens are strictly regulated 

by IL-10-producing Treg cells, which are more abundant in GALT than in other 

immunological organs (Sakaguchi, Sakaguchi et al. 1995, Mottet, Uhlig et al. 2003). The 

adaptive immune system in GALT is based on the lymphocytes and APCs spread beneath 

the mucosal epithelial layer. These immune cells also accumulate in PeyerËs patches that, 

especially localised in the distal ileum. The homing of T and IgA-producing B lymphocytes 

is based on expression of specific surface receptors (Ŭ4ɓ7 integrin) and mucosal vascular 

addressin cell adhesion molecule 1 (MadCAM-1) on the endothelial cells (Erle, Briskin et 

al. 1994). The intestinal epithelial cells produce inactive TGF-ɓ1 and DCs release Ŭvɓ8 

integrin that activate TGF-ɓ1 (Travis, Reizis et al. 2007, Fenton, Kelly et al. 2017). This 

cytokine together with a proliferation-inducing ligand (APRIL) and thymic stromal 

lymphopoetin (TSLP) enhance the isotype switching in B lymphocytes. The immune 
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processes in the PeyerËs patches are similar to those in LNs except of the formation of 

germinal centres and the delivery of antigens to B lymphocytes is direct (Craig and Cebra 

1971, Reboldi and Cyster 2016). A special type of the intestinal epithelial cells called M 

cells enhance the uptake of the antigens from the intestinal lumen (Corr, Gahan et al. 2008). 

The various substances from the lumen are transported to APCs beneath the epithelial layer 

by phagocytosis or clathrin-coated vesicles (transcytosis) (Rios, Wood et al. 2016).  

 The GALT adaptive immunity is based on the same principles as that in other tissues 

except of one difference in T helper cells. Within the T cells, Th17 lymphocytes result  more 

abundant especially in the small bowel, in relation to colonization of special type of 

filamentous bacteria in the postnatal period (Atarashi, Tanoue et al. 2010). By their cytokine 

production they contribute to the antimicrobial immunity in the gut stimulating ɓ-defensin 

release by the epithelial cells (Liang, Tan et al. 2006). Th2 cells are able to stimulate the 

mucus production and increase the peristalsis by IL-4 and IL-13 release in the case of 

parasitosis (Svetic, Madden et al. 1993). These are two examples of adaptive immunity cells 

that indirectly activate non-immunological defence mechanisms, underlining the complexity 

of immune-biological network of the bowel mucosa. Th1 cells are not very abundant in the 

gut but expand in pathologies such as IBD, where the control of inflammation is deregulated 

(Niessner and Volk 1995). 

The immunity in the gut must be very precisely regulated to avoid the development 

of damaging inflammation. This regulation is based on the presence of abundant Treg cells 

that produce immunosuppressive cytokines IL-10 and TGF-ɓ1. More studies showed that 

deficient production of these cytokines is associated with severe inflammation in the bowel 

(Ebert, Panja et al. 2009, Chen, Berin et al. 2021). Ebert found that about one-third of IBD 

patients may have a relative deficiency of TGF-beta, IL-2 or IL-10 due to an increase in 

neutralizing antibodies in their sera. Chen recently published that epicutaneous T cell 

inoculation-based immunotherapy in IBD patients can induce Treg cell enrichment, resulting 

the decreased colonic inflammatory cytokine production and histological colitis due to IL-

10 and TGF-ɓ1 released from Tregs. 

Another specific factor that very significantly influence the immunity in the gut is 

microbiota itself. More recent studies showed that practically each individual has unique 

composition of the bowel microbiota which depends on many factors, type of delivery, diet, 

travels and changes caused by diseases or therapies (Tojo, Suarez et al. 2014, Bibbo, Ianiro 

et al. 2016). Also aging is considered to be associated with the changes in the bowel 

microbiota (An, Wilms et al. 2018, Bana and Cabreiro 2019). Some studies showed that 
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common pathologies as asthma or allergies may be induced by dysbiosis of commensal 

bacteria in the gut (Russell, Gold et al. 2012, Aitoro, Paparo et al. 2017, Hong, Kim et al. 

2017, Huang, Wang et al. 2018). The full understanding of the bacterial functions in the 

balance of bowel microbiome may help to address patient-tailored treatments for controlling 

diseases by recovering the bowel homeostasis.  The schematic overview of bowel-associated 

immunity is showed in Fig. 6. 

 

 

Figure 6: The schematic diagram of mucosal immunity to commensal and pathogenic bacteria. 

This scheme shows the main processes of mucosal immunity against the bacteria present 

in this compartment. DCs sample intestinal microorganisms, then induce a tolerogenic 

response by activating Treg cells to secrete IL 10. In case of infection by pathological 

bacteria, resident macrophages and DCs are activated and secrete IL 23, which stimulates 

several subsets of T cells (Th17, ɔŭ T cells, NK cells, NKT cells and group 3 ILCs to secrete 

IL 17 and IL-22. These cells then promote amplification of the host response by stimulating 

the intestinal epithelium to secrete CXC-chemokines that attract neutrophils. IL 17 and 

IL 22 induce also the production of antimicrobial peptides (AMPs) which modulate the 

microbial composition of the intestinal lumen. Plasma cells control the microbiota and 

pathogens via secretory IgA (sIgA).  

               IL-23R, IL-23 receptor; NLR, NOD-like receptor; PMNs, polymorphonuclear cells; ROS, 

reactive oxygen species; TLR, Toll-like receptor; TNF, tumour necrosis factor Adapted 

from (Perez-Lopez, Behnsen et al. 2016). 

 

 

 


