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ABSTRACT

Inflammation isconsidered as one of the main deemechanisms 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,
chronicinflammation, 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 theunique colon microenvironment, where intensive exdtéon
between the host cells and bacteria is present. The aim of our study was to investigate the
immunological (ELISA, FACS, RPCR) and structural (histology, confocal microscopy)
changes in the colon mucosa of WistarN rats induced by dextran sodiwsulphate (DSS)
to produce colon colitis and by azoxymethane (AOM) to produce colon carcinogenesis.
Conventional(CV) and also gernfree (GF) reared animals were uséal investigatethe
effects ofthe mucosal inflammatioactivated by thedministered inducers agell asthe
role of colon microbiota= as promoters of a continuousimune activation- in the
modulation of immunity and collagen scaffaemodelling Ourresults showed that even in
the early period after the induction, botiducersproduced a smouldering inflammation,
able to activate immunological and collagen structural changes in the colon nitiussa.
can be indicated as a consequence of wvariat
representing the limit of tolance for not dangerous inflammati@ignificant 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, regtdd 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 thelon mucosa, with
predominancefdL -6, perspective to be used for very early detection of cancer risk and local

immunological pathology.



ABSTRAKT (CZ)

Z8nNt je povagovs8n za jeden z hlavn2zch o
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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 networ&ble 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, 4Biogdies
and Oettgen 2010, Boehm and Swann 2014)

Inflammation is important part of the innate immune responses. Recognized since
the ancient medicine observations of the reactionsdund or infections, it was clinically
described by Celsus (25 B-60 A.C.) in its acute characteristiRather 1971)redness
(corresponding to vasodilation), local increase of temperatur t@uncrease 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 adtleel alteration of function (Virchow, XIX
century) (Bagot and Arya 2008)Only more recently the immunological and molecular
mechanisms producing this response were progressively enliglatgthade 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 ne@dedzhitov 2008) The inflammation can be
differentiated to acute or chronic form with different patholdgicamunological and
molecular aspects. The acute form is more common and physiologicalesaifing,
becoming pathologic only under special conditions eventhifeatening such as septic
shock, cytokine storm or allergic reactiqAsigus 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 canpromoting factor recognized as a typical hallmark
of evolving tumourgShacter and Weitzma2002, Hanahan and Weinberg 2011, Zhao,
Liang et al. 2016)It is also the common pathological feature of inflammatory bowsekbdies
(IBDs), which are characterised by permanent inflammation of intestinal tissue inducing
mucosal damage and tissue remodelling toward fibrosis and even ¢Zhaag and Li
2014, Latella, Di Gregorio et al. 2015, Axelrad, Lichtiger et al.&)0T he tissue remodelling



is an example how immunological changes in orgaars lwe very often mirrored into
physiological and morphological changes of tissues. In the case of chronic inflammation,
very typical phenomenonike progression towafibrosis of tissues, caused by upregulated
production of collagen fibres by activati@élgroblasts. The increased collagen production can
be found also in various tumouses.d.,pancreas, breast cancef@handler, Liu eal. 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 relatianship
experimental animalandto find the evidence of its importance both in tumoral andinon

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 humatignts and also to see the
effect of the continuously activated immunity in the colon mucosa of convent{ional
animals versus genfnee (GF) animals. This last model was taken as a direct evidence of
the importance of chronic inflammation, at variousgektes, 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 asasvathmunological
changesn 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 miceglaatd 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 tleéimitive illnesses. It is a not yet evaluated
period despite its importance to clarify the conditions preparing evolution of the pathological
environment.

We found thakevenin early period very significant associations between molecular
changes in theokal immunity of the colon and its morphology are already present, sustained
by a fismoulderingo inflammation. The preval
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 ahflieenmatory cytokine

IL-6 was found one month after the end of DSS treatment, accompanied byse@crea
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production dinterleukinl WL-1 Ut) r ans f or mi n g (TGFo dandhparfialyc t o r
interferonrd IFN-2). The expression dfla, I11b, IfngandTgfbl genes was decreased after
both treatments. Colon tissue structure was significantly more irregular after DSS and AOM,
with intensivdy increasectollagen production and alteration of the mucosa symmetry. For
the first time, we showed that changes in thlerm tissue architecture can be observed even

in the early periods after the treatmard,, 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 expeiments further focused on thmodulation of locaimmunity and colon
tissue structure in healthy rats under eitl®r, with microbiome,or (GF), without
microbiome, conditions. Very significant differences between CV and GF rats were
observed at macrosdap 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, excepdf 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 conditibonomtinuously
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
theimmunacbiological and structural changes in the colon mucosa of CV and GF rats in the
ealy period after the DS$ducedcolitis.

The final preliminary project included the studycgtokine production and structural
changes of collagen scaffold in the colon of CRC patients before the chemotherapy or
radiotherapy treatmentn t he fr ame of a col |l aborati on
at the Institute of Experimental Medicinetbe CAS, v.v.i. to associateggnetic apprazh
to the CRGpromoting factorsin 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

Thegeneral roleof immunity isto defend therganism againshicrobesand other
nonself agentdo preserve the organism integrity and homeostasis.theisomplex of
various cellsand moleculesnvolved in this defenceonstituts the immune systenits
importancefor bodyis evident in individuals with defective immune system who develop
infectionsevenfrom commoty non-pathogenienicroorganisms, often with lifghreatening
conditions(De Silva, Gunawardena et al. 2007, Chinen and Shearer.20d@gver, he
immune reactiogcanalsohaveadversempacts on healthy tissues duripigpcesses such as
inflammationor when abnormadctivation of immunity is stimulatinghe development of
autoimmune diseases allerges (Ferguson 2010, Aksu, Donmet al. 2012) During the
tumour development, the immunity can atgmerate contrasting responses, depending on
the phase of tumowvolution(Pawelec, Derhovanessian et al. 2010, Thorsson, Gibbs et al.
2018)

The immune responses are dividedinly to innate (native) and adaptive immunity.
Both types of responseBave some common and specific mechanisms by which they
recognise and eliminate threats to prevent the damage of the organism.

The cells ofthe immune system can be generally dividiedeithe resident or
circulating which can battracted t@ damagedissue by chemotactic gradient when danger
signals are arisingResident immune cells (macrophages, dendritic cells, mast cells)
recognisehe dangerouagentge.g., microbes, transformed &Jkill and ingest them and
presentantigensto other immune cellef adaptive immunity, the B and [fmphocytes
These cellgirculate in the body through lymphoid organs to peripheral tissuesoacd
primed, theyproduce antibodies or directly kill fiected cells Finally, effector cells
(neutrophils, monocytes, T lymphocytesg present at the site of infection and actively try
to eliminate infectious agentsfected ortransformed cellsThe reciprocal communication
between these groups of cells is necessary for successful immune reSherserview of
innate and adaptive immune cells is showip 1.

Macrophages are loAging cells present in all connective tissues and orgatiseof
body, able to present antigens to adaptive immune.catidhecome activated, macrophages
need to receive more activating sigrfaten Toll-like receptors (TLR$INOD-like receptors

(NLRs), mannose, scavenger and complement receptors. Two distinerapatiof
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macrophage activation exist: 1) classical through TLRs andFbito activates M1
macrophages that are involved in the inflammation and destroying microbes; 2) alternative
in the absence of TLRs but withterleukin4 (IL-4) and IL-13 contribution produce M2
macrophages which play repair functions and inhibit inflammat®oa and Mantovani
2012) These M2 are also common in the tumour microenvironment and enhance tumour
growth by supressing other immune cells.

Another group of (APCsre thedendritic cells (DCs), which very effectively present
antigens to T lymphocytes and produce cytokines for their activation and differentiation
from napve t o. Thefpreserdatiom rof the antigen linked to thejor
histocompatibility complexNIHC) moleculeso T lymphocytess 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 immmological tolerance, which turns to immune response in the case
of infection by pathological bacteri@&sterhazy, Loschko et.a2016) The all described
activities show the integratidretween innate and adaptive immune system.

Mast cells are evolving in the bone marrow anelocalisedin the «in and mucosal
epithelia When activated, thegelease 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 bNe@wytrophils are the most
abundantells of innate immunitygirculatingin theblood cells andnvolved mainlyin the
aaute inflammatory reactionghe major function of neutrophils is to phagocytoserobes
andproductsof necrotic cellsMoreoverneutrophils produce antimicrobial substances that
kill extracellular microbesBasophils constitute less than 1%bddod leukocytesindthey
are normally not present in tissud@$ey araecruited taheinflammatory sitesexpress IgE
receptors, bind Igen infected cells and play similar functions as mast cells, mainly in
allergic reactionsEosinophils express cyitasmic granules containing enzymes that are
harmful to the cell walls of parasitebese cells circulate in the blood, from which they can
migrate to the site of infectiorBome eosinophils aralso present in peripheral tissues,
especially in mucosaldings of the respiratory, gastrointestif@IT), 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-0 as maj or act i v(Bungan, McGuinness €t ralo pOhManye s
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 cedl that lack class MHC | is determined by a balance between signals from
these two types of receptors.

The innate immunity uses also soluble proteins defensis, cathelj@dmsaxingand
complement system to kill the infected cellfie complement systemvolves around 60
solubleplasma proteins that work together to opsonize microbes, to promote the recruitment
of phagocytes to the site of infection, amdsome cases, tdirectly 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 infectedscel

Very special group of innate immune cells represent NK T lymphocytes (NKT) and
o0 T |ymphocytes that are sharing the char:
In general, they kill the infected cells by innate immune mechanisms but erpréssir
surface molecules that are typical for the adaptive immunity. Because NKT cells can
recognise lipids on the surface microbes they are mainly involveih defence against
mycobacteriaPfeffer, Schoel et al. 1991p 0 T <cel |l s recogni ze man
antigens, including some proteins and lipplsosphorylated molecules and amines and they
are involved mainly in theesposeto antigengresenpn epithelialtissues.

The last groupf immune cells, exclusively involved in the adaptive immuaity

thelymphocytes. More information about these celidiscussed in Chapter 1.1.2.
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Figurel: Schematic overview of immune cells involved in innate and adaptive immunitylhe
cells of innate immunity include granulocytes, macrophages, dendritic cells, mast cells and
NK cells, completed by soluble proteins suc
on the edge between innate and adaptive immune responses. Thesshargllghe
characteristics of both innate and adaptive immune cells. Adaptive immueipl@ted
exclusively by lymphocytes, divided antibodyproducing B cellsand T cells that can
directly kill transformed or infected cells (CD8+) or play supportive functions for B and
CD8+T cells (CD4+ T helper cellspdapted fromDranoff 2004)

1.1.1 Innate immunity

Innate immunity isancientandless elaboratedystemthat immediately recognises
and eliminatepathogens or foreigagents The first line of defence against microbes are
tissue barriers, such as skin or mucous membranes. In case microbes succekdHhedarea
barriers and enter the body, innate immune responses are acteditedalled phagocytes
andNK cells are recognising microbes ang to eliminate them. Another part of innate
responses includes production of antimicropggtides and sevenalasma proteins such as
complement systemmolecules which recognise and react against the microbes.innate
and adaptive immunityre not separated butonnected each othethe 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 damberinnate system has no



capacities to recognise specific antigens, instead its cells and molecules recognise general

molecular patterngsingrestricteddefence mechanisms against them.

1.1.2 Adaptive immunity

Adaptive immunityis considered as more evolved, sophisticated system able to
specificallyrecognise antargetunlimited number of various antigengpicdly present in
vertebrates onlyin comparison witltheinnate immunity, the reaction of adaptive immunity
to threas takesmore time to develgmeeding the presentation of antigens by specialized
cells. Antigens become available during the activity of innate immunity respasse
illustrated inFig. 2, showing the immune response against the viral infectialaptive
immunity is specific andeffectively activatedagainst concretéargets Effector cells of
adaptive immunity ar§ and Blymphocytes which after primingby a specific antigen
expand, creatintyvo differentsubpopulationsoneimmediately active and the other creating
a colony of memory cells ready to be reactivated in the case of repeating contact with the
threat. TheB lymphocytesare producing the antibodiglumoral immunity) while T
lymphocytes (celimediated immunityllirectly contact and kill the target (cytotoxicity)

Innate Immune Response Adaptive Immune Response
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Figure 2:Development of innate and adaptive response to viral infectioifhe immune response
to viral infection firstly activating the innate immunity with tihevolvement oftype |
interferons and significant proliferation of NK cellsater, the adaptive immunity is
activated, cytotoxic T cells aproliferating, 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 betwen innate and adaptive immunity in generatlapted from(Sego,
Aponte Serrano et al. 2020)



While B lymphocytes recognesantigensby the surface immunoglobulin receptors
T lymphocytes bindo antigens presented WMHC (major histocompatibility complex)
receptors orthe surface of APCbhy the T cell receptor comple¥ig. 3). However, B
lymphocytes are also able to process antigens and present them through MHC Il molecules
to CD4+ T helper lymphocytes (Th). Cytotoxiclymphocyteq CTLs) exert thecytotoxic
activity by creating the immunological synapses with the targeted cells through which
perforin and granzyme B molecules are released and killing the targeted kedidlsare
on the other handecessary fosustaining ofthe proper functionof cytotoxic T and B
lymphocytesby specific cytokine release @2, IL-4, IL-5, IL-17) andcan be dividednto
six subgroupsincluding Thl, Th2, Th9, Th1l7, Th22 and T follicular helper cadisording
to either specific type of response (Thl, Th2) or a specifakoy production, e. g. Th17
releasing IL17 (Cosmi, Maggi et al. 2014Th1areinvolvedin pro-inflammatory responses
to agents, mediated mainly by IFANand activatingCD8+ T lymphocytesTh2 areactivaed
as a downregulating and tisstemodelling function in the inflamed tissue and are sustaining
B lymphocytesand thehumoral immune respses(antibodies) Th17 cells are involved in
the host defences against extracellular pathogens and T follicular helper cells are localised
in the germinal cengs ofsecondary lymphoid organshere theynediate the selection and
survival of B cells capable of producing higfiinity antibodies(Crotty 2019) A specific
subtype of CD4+cells are theregulatory T lymphocyt (Tregs) that haveregulatory
functions in the immune respons&segs are able to inhibit T cell proliferation and cytokine
production and play also critical roles in preventing autoimmuiiitys particular type of
CD4+ cells carexert 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 €T{citotoxicT-
lymphacyte-associated protein 4), 42, IL-10, IL-35 andTGFb1. 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 sinugdsch lead into the
medullary sinus and then the efferent lymphatic vessel. This process is driven by lipid
molecule sphingosine-ghosphate (S1P), which has chemotactic activity and signalling
properties similar to those of chemokines. The subsequgration of effector lymphocytes
to peripheral tissues requires the activation of changes in the expression of surface
molecules. For example, T lymphocytes decrease the expressieset#diin and CCR7 on

one hand but increase the expression of integmusEselectin and felectin ligands on
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the other hand These molecules mediateell binding to endothelium at peripheral
inflammatory sites. Effector lymphocytes also express receptors for chemokines that are
produced in infected peripheral tissues g CXCR3 and CCR5n Thl cells Th2 cells
express CCR3, CCR4, and CCR8rh2 cells(Kim and Broxmeyer 1999)

E cells T-cell dependent response
B cell encounters
Development PERIPHERY antigen Th 2
T 1
Processes and - r helper cell Secretes
@—- @ - @ — @ — (1) expresses antigen — —» —> antibod
in MHC class Il e s
Pre- gene Naive mature molecules ce Plasma cell
B cell rearrangement B cell T-cell independent
. ) antigen specific T antigen -cel ependent response
Y \ o Secretes
Bone marrow (2) = ) antibody
Plasma cell
T cells
T-cell priming Armed effector cells

Development PERIFHERY

I ' - @ ’ (1) CD4 Th 1 inflammatory cells
0-0-0-0— g — @ —

Bone ‘———y—— Naive CD4 or (2) CD4 Th 2 cells

marrow  Thymocytes CD8 Tcell Antigen presented T-cell proliferation help antibody responses
undergo positive antigen specific ~ With MHC and differentiation
and negative (3) CD8 cytotoxic cell
selection

Figure3: The roles of B and T lymphocytes in adaptive immunity Adapted from(Parkin and
Cohen 2001)

Cutaneous and mucosstructureqe. g. gastrointestinal and respiratory traetr®)
other very specific sites of immureell localisation (lymphocytes, APCs) and immune
recognition of agentd heimmune cells arpresent eithediffusely beneath thepitheliaor
organised in more complestructures likgonsilsin t he respiratory tract
in the GIT or in intramucosal folliclesn the colon(Fig. 4). Cutaneous and mucosal
structures can be considered ashtiggiest immune organ in the body because of around 25
% of lymphocytes are concentrated here

The other cells and mechanism of immune reastiorthreatwill be discussed in
the next chapter£ytokines represent a special category of proteins meglittenimmune
reactions in the bodyfunctions of immune cells and communication between them.
Cytokines are divided to several groupgype 1 cytokines such asterleukins(IL), type 2
cytokines such as interferoifd=N), tumor necrosis factor superfdynincluding tumor
necr osi §TNE-W@, intereewkin10family including I-1 U, -1 B -18) 1l-33 and
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other cytokines such as T&F and c h(Keso k988n kelso 2000, Cameron and
Kelvin 2003) The productiorand monitoring of level®f cytokines can beneasuredy
various method®nzymelinked immunosorbent asséiyLISA), reattime polymerase chain
reaction(RT-PCR), fluorescenceactivated cell sortingFACS) and can be used baththe

clinical and experimental practice to monitor pfg/siological and pathological conditions.

In our studes we evaluated the variation pfo-inflammatory orregulabry cytokines in
induced colitis and colorectal carcinogenesis in experimental animals as well as in the

comparison between GF and CV (with microbiota) animals.
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Figure4: The representative histological visualisation of lymphoid follicle localised in the rat
colon mucosaMethod: HaematoxylirEosin staining, original magnificatioB0x
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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 unigséructuresuitable for studying the immune processes in
the body.IBD and cancer can be easily induced in the colbexperimental animaland
resemble the ulcerative colitis and CRC in hunfince these two important pathologies
arise in the same organ and share inflammation as one of the important factors that
characterise their developmegplon is an deal system foevaluating in experimental
animals and in the same organ the importahaglammation and its effects on the involved
structures Thankng to availability of GFanimals,it is alsopossible to evaluathe role of
microbiota in themodulation of local immunity andtructure of colornunder different
conditions

The colon isthe last part of GITconventionally divided t@aecum, ascending or
right colon transversal part, descending or left colon, signamd rectumFrom the small
bowel, lon receivesdigested food, from which it absorbs water and electrolytes to form
faeces. The colon is intensivelyascularizedand it is the place afophisticated immune
systenthat maintainshe homeostasis with microbiatsident therelhecolon wallis made
up of four layers of specialised tisswratified fom thelumen ouward following this
sequence: mcosa submucosamuscular layetand grosa(peritoneun (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 layehere mostdigestive, absorptive and secretory
processes occu?) the lamina propria, a layer of connective tissue within the mu8ydze
muscularis mucosae, a thin layer of smooth mu3tie.submucosa consists of a dense layer
of connective tissuavith 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 musciejportant for the peristalsighe last layer of colon wall,
serosa,consists of sevat layers of connective tissueovered 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). Acaling 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/Gl_layers)hp
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Figure5: The anatomy of colon wall.

Adapted fromhttps://basicmedicalkey.com/gastrointestifuaiction/

1.2.2 Mucosa as an immunological organ

The GIT itself has an enormous surface and can be considered as the biggest immune
systenin the body. The continuous presence of bacteria that in human counts abmesLO
higher than the body cells and abouttBfes higher number of genes tharhuman body
forms the universe thatan influence its own host, including the immune system. The
bacterial and food antigepgrmanently activate the innate and adaptive immune responses
in the mucosahat on the othehand,need to beegulatedo avoid severe damage oo
GIT tissues. The study of Glassociated immune processes brings an opportunity to
understand the complexity of immunity. The basic mechanism that @titediody against
infectionsfrom intestinal lumernclude: 1) presence of thick layer of mucughe intestinal
lumen; 2) the production of antimicrobial peptides by epithelial cells; 3) the massive
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production of IgA antibodies by plasma cells resident in the lamina propriadelsvthe
epithelial cells. The production of IgA counts for about 20®4ll antibodies produced in
the body(Gill, Wlodarska et al. 2011)

The innate imunity of the GIT involves even the cellsinfestinal 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 epitheliufdurashima and Kiyono 2017)l'he macrophages and
dendritic cellsevolved specific functions in the intestiriract They are able to recognise
the antigens,but the expression of inflammatory genesn@ activated and these cells
produce high amounts of 410 and TGFb1 as | mmunosup gUedns si ve
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 (1 LCs), N K(Ciccia, &lughiso etaah 2D15p ShifomizueahdlJancic
2018, Brailey, Lebrusasfternandez et al. 2020dmong them, ILC3s respadio IL-1 b a n d
IL-22 by increased production of-IL7 (Ciccia, Guggino et al. 2015Jhe special type of
innate immune cells in the intestines representasatassociated invariant T cells,
localised mainly in the liver thus protecting the body against bacteria and fungi that escaped
from the intestines to the blood streéieffery, van Wilgenburg et al. 2016)

The adaptive immunity of thgut-associated lymphoid tissue (GALiBE)specific and
differs from the adaptive immune mechanisms in other organs. The immune responses are
basedon one hand omumoral immunitythroughIgA production(Macpherson and Uhr
2004) On the other hand, orelt-mediated responséssed orTh2 cells (McCoy, Ignacio
et al. 2018)All immune responses against bacteria and fodidj@ns are strictly regulated
by IL-10-producing Teg cells which are more abundant IGALT than in other
immunological organgSakaguchi, Sakaguchi et al. 1995, Mottet, Uhlig et al. 2003
adaptive immune system inAET is based on thlymphocytes and APCspreadbeneath
the mucosal epithelial layer. Theisemunecells alsoaccumulate irPeye Es pthat c he s
especiallylocalised in the distal ileunThe homing of T and Ig4roducing B lymphocytes
i's based on expr essi on sbpiftegri)pardnucodsal vascslarr f a c e
addressin cell adhesion moleculéMadCAM-1) on the endothelial cell&Erle, Briskin et
al. 1994) The intestinal epithelial cells produce inactive BB  and DCss r el ea
integrin that activate TGB 1(Travis, Reizis et al. 2007, Fenton, Kelly et al. 20T4)is
cytokine together with a proliferatieinducing ligand (APRIL) and thymic stromal

lymphopoetin (TSLP) enhance the isotype switching in B lymphocykas. immune
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processes in the Peyer Es pat ofthe®mationeof si mi |

germinal centres and the delivery of antigenB tgmphocytes is direcfCraig and Cebra

1971, Reboldi and Cyster 201& special type othe intestinal epithelial cells called M

cells enhance the uptake of the antigens from the intestinal I{®oen Gahan et al. 2008)

The various substances from the lumen are transported to APCs beneath the epithelial layer
by phagocytosis or clatim-coated vesicke(transcytosis(Rios, Wood et al. 2016)

TheGALT adaptive immunity is based on the same principles as that in other tissues
except of one difference in T helper ceWgithin the T cells;Th17lymphocytes result more
abundantespeciallyin the small bowe] in relation to colonization ofpecial type of
filamentous bacteria in the postnatal peifjdtarashi, Tanoue et al. 201@y their cytokine
production theycontribue to the antimicrobial immunity in the gstt i mu |-defensim g b
release bythe epithelial cell§Liang, Tan et al. 2006)'h2 cells are able to stimulate the
mucus production and increase the peristalsis b¢ Hnd 1L-13 releasein the case of
parasitosigSvetic, Madden et al. 1993)hese are two examples of adaptive immunity cells
that ndirectly activag non-immunolayical defence mechanismsderlining the complexity
of immunebiological network of the bowel mucasehl cells araot very abundant in the
gut but epand in patholgies such aBD, 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 damagng inflammation. This regulation is based the presence of abundant Treg cells
that produce immunosuppressive cytokineslLand TGFb 1More studies showethat
deficient production ofhese cytokines associated with seveir&@lammation in the bowel
(Ebert, Panja et al. 2009, Chen, Berin e2@R1) Ebert found that about ostkird of IBD
patients may have a relative defiagnof TGFRbeta, IL-2 or IL-10 due to an increase in
neutralizing antibodies in their sera. Chen recently published that epicutahecels
inoculatiorbased immunotherapy in IBD patients can induce Treg cell enrichment, resulting
the decreased colonic lammatory cytokine production and histological colitis due to IL
10andTGFb1 rel eased from Tregs.

Another specific factor that very significantly influence the immunity in the gut is
microbiota itself.More recent studies showed that practically eachviddal has unique
composition of the bowel microbiota whidepends omany factors, type of delivergjet,
travelsandchangs caused by diseases or theragiesjo, Suarez et al. 2014, Bibbo, laniro
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 20®)me studies showed that
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common pathologies as asthma or allergies may be induced by dysbiosis of commensal
bacteria in the gutRussell, Gold et al. 2012, Aitoro, Paparo et al. 2017, Hong, Kim et al.
2017, Huang, Wang et al. 2018he full understanding of the bactérfanctions in the
balance of bowel microbionmaay helpto addesspatienttailored treatments faontrolling
diseases by recovering thewelhomeostasisThe schematic overview of bowassociated

immunity is showed irfrig. 6.

Figure6: 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 compartmentDCs sample intestinal microorganismheninduce a tolerogenic
response by activatinfregc el | s t o dnecase ef infectidn by phthological
bacteria,e si dent macrophages and DCs are activat
several subsets of Tce{lBhl7,0 U T c e | INKT, celldlaqd groed BLCs tp secrete
I L 1 7 -23a.Thdse tellshenpromote amplification of the host response by stimulating
the intestinal epithelium to secrete CXCh emo ki nes t hat attract n
I L 22 alsotheproduction of d@imicrobial peptides (AMPs) whicmodulate the
microbial composition of the intestinal lumen. Plasma cells control the microbiota and
pathogens via secretory IgA (sIgA).
IL-23R, IL-23 receptor; NLR, NOBike receptor; PMNSs, polymorphonuctezells; ROS,
reactive oxygen species; TLR, Tdike receptor; TNF, tumour necrosis factddapted
from (PerezLopez, Behnsen et al. 2016)
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