
Immunológia alapjai

23. előadás:

Regionális immunitás: MALT + SALT
Szájüreg immunológiai kompenensei.

Orális immunválasz molekuláris és celluláris
komponensei.
Kellermayer Zoltán 



Regionális immunrendszer

Speciális funkcióval bíró, meghatározott 
anatómiai helyszíneken lévő immunsejtek és 
molekulák összessége

Nyálkahártya
MALT: Mucosa Associated Lymphoid Tissue

Bőr
SALT: Skin Associated Lymphoid Tissue



Külső réteg:
Fizikai barrier

Mélyebb réteg:
Immun sejtek

Drenáló másodlagos 
nyirokszövetek…

Kétféle testfelszín



Intesztinális immunrendszer: bevezetés

Felszín: 200 m2

~5x1010 össz limfocita szám (vér: 1010)

Nagyszámú baktérium: 1014

Veszélytelen (vagy akár fontos) antigének: étel + mikrobiom

Az immunrendszernek a nagyszámú, tolerálandó antigén között kell 
megtalálni a kisszámú, de annál veszélyesebb patogént.

Támadó immunválasz és tolerancia közti finoman szabályozott egyensúly
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IMMUNITY IN THE GASTROINTESTINAL SYSTEM

The gastrointestinal system, like other mucosal tissues, is 
composed of a tube-like structure lined by a continuous 
epithelial cell layer sitting on a basement membrane that 
serves as a physical barrier to the external environment. 
Underlying the epithelium is a layer of loose connective 
tissue in the gut called the lamina propria that contains 
blood vessels, lymphatic vessels, and mucosa-associated 
lymphoid tissues (Fig. 14-1). The submucosa is a dense 

connective tissue layer that connects the mucosa with 
layers of smooth muscle.

From the perspective of the immunologist, the gas-
trointestinal tract has two remarkable properties. First, 
the combined mucosa of the small and large bowel has 
a total surface area of more than 200 m2 (the size of a 
tennis court), made up mostly of small intestinal villi 
and microvilli. Second, the lumen of the gut is teeming 
with microbes, many of which are ingested along with 
food and most of which are continuously growing on the 
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FIGURE 14-1 The gastrointestinal immune system. A, Schematic diagram of the cellular components of the mucosal immune 
system in the intestine. B, Photomicrograph of mucosal lymphoid tissue in the human intestine. Similar aggregates of lymphoid tissue are 
found throughout the gastrointestinal tract.

Intesztinális immunrendszer áttekintése

Speciális struktúrák
M sejt
Migráló APC
Peyer plakk
IgA
Effektor sejtek: T sejt, 

veleszületett limfoid sejtek 
(ILC), NK, MAIT, 
makrofág, eozinofil, 
hízósejt, granulocita
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Fig 14-1



Nyirokszövetek a gasztrointesztinális traktusban

Organizált MALT (O-MALT)
Antigén felismerés, antigén-specifikus limfociták aktivációja, effector 

funkciók és memória indukciója
”Programozott” nyirokszövetek: in utero fejlődnek meghatározott

időben és meghatározott helyeken
Peyer plakkok, mandulák

”Indukálható” nyirokszövetek: születés után fejlődnek/alakulnak ki 
antigén ingertől függően

Kriptoplakk (CP) – izolált nyiroktüsző (ILF) spektrum

Diffúz MALT (D-MALT)
“Effektor szövet”
Memória sejtek, aktivált effektor sejtek, plazma sejtek



located in the SED and periphery of the follicle in proximity to the
FAE46,59. Class-switched IgA+ cells can be detected in appendiceal
GALT, but they also contain memory IgM+ B cells86 and more IgG+ B
cells than the surrounding LP46,98. Thus, the appendix may serve as a
local environment for class-switching and as a reservoir of class-
switched memory B cells.
Together, these findings suggest that the human vermiform

appendix represents a bona fide adaptive immune inductive site
with a similar structure and immune cell composition to PP. It
remains unclear whether immune responses initiated within this
site differ from those in the PP, and whether the human appendix
supports site-specific regional immunity within the intestine, as
recently suggested for human PP62.

Other multi-follicular GALT
GALT consisting of more than one lymphoid follicle are relatively
rare in the human large intestine during homeostasis, although a

few poorly characterized multi-follicular structures have been
described in the cecum and proximal colon62, together with rare
multi-follicular structures around the anal canal, sometimes
referred to as the rectal tonsil13,14. The exact structure, function,
development, cellular composition, and prevalence of these multi-
follicular GALT remains unclear.

ISOLATED LYMPHOID FOLLICLES
Consisting of a single lymphoid follicle with a diameter between
0.1 and 1.3 mm62,99, ILF are substantially smaller than PP or the
follicle chain of the vermiform appendix. However, as there are an
estimated 30,000 ILF in the human intestine100–103, they
collectively constitute a major GALT compartment in humans.
ILF are found along the length of the intestine, although their
cellular composition, density and location within the gut wall
varies between intestinal segments. Using novel techniques to

Fig. 2 Cellular composition of a human PP follicle as example of human GALT. PP follicles are in intimate association with the intestinal
lumen and possess a specialized FAE containing M cells that shuttle free and IgA-bound antigen into the PP. Below the FAE, PP possess a SED
region rich in antigen-presenting cells. Tightly associated with the SED is the underlying B cell follicle consisting of an outer marginal zone
harboring memory and marginal zone B cells, a thin mantle zone accommodating naïve B cells, and a central GC, contributing to the
generation of IgA+ plasmablasts that seed the surrounding small intestine. B cell follicles of PP are separated by perifollicular T cell zones
(dotted lines). FAE follicle-associated epithelium, SED subepithelial dome, GC germinal center, Ag antigen.

Human gut-associated lymphoid tissues (GALT); diversity, structure, and. . .
UM Mörbe et al.
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Mucosal Immunology (2021) 14:793 – 802

UM Mörbe et al 2021. Mucosal Immunology 14:793-802

Programozott nyirokszövetek a gasztrointesztinális traktusban: Peyer plakk

SED: Szubepiteliális dóm
FAE: Follikulus-asszociált epitél



A MALT indukálható és dinamikus komponense: SILT (Solitary intestinal 
lymphoid tissues)

FIGURE 1 | Overview on the anatomy and structure of CP, ILF, and PP in the small intestine. SILT consists of a dynamic continuum of structures ranging 
from small cryptopatches (CP) to large mature isolated lymphoid follicles (ILF). CP start to develop into immature ILF by recruiting B cells. Mature ILF contain one big 
B cell follicle and develop germinal centers, vascular structures, and a follicle-associated epithelium. PP represent the most structured lymphoid organs in the 
intestine, containing several B cell follicles and distinct T and B cell areas.
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a!er birth, since ILC-speci"c loss of Ahr was shown to interfere 
with the postnatal expansion/survival of these cells (43, 44). 
Vitamin A, a dietary component, was also recently found to be 
required for normal numbers of RORγt+ ILC and ILF formation 
(45). Although the di#erent stages of the SILT (CP, immature and 
mature ILF) were present in mice fed with a vitamin A-de"cient 
diet, their total numbers were reduced in the middle and distal 
part of the intestine. It is likely that the development of fewer SILT 
in these mice is a consequence of the reduced numbers of RORγt+ 
ILC upon vitamin A de"ciency.

Besides this unexpected role of dietary products in the initial 
steps of ILF formation, it is less surprising that the intestinal 
microbiota also plays a role in the regulation of SILT develop-
ment. In this regard, it has been observed that the small intestine 
of germ-free mice contain normal numbers of CP and some 
small immature ILF which harbor only few B cells, whereas the 
transition into mature ILF depends on the presence of a bacte-
rial microbiota (33, 46, 47). A range of receptors and adaptor 
molecules involved in the recognition of bacteria-derived 
molecular patterns, including toll-like receptors (TLR) 2/4, 
myeloid di#erentiation primary response gene (MyD) 88, and 
nucleotide-binding oligomerization domain-containing protein 
(NOD) 2, were shown to contribute to the maturation of small 
intestinal ILF (47). In the same study, a more speci"c role in 
the early transition of CP into immature ILF was proposed for 
NOD1, which recognizes peptidoglycans (PGN) derived from 
Gram-negative bacteria. NOD1, which is expressed in small 
intestinal epithelial cells, induces upon recognition of PGN the 
secretion of factors, such as CCL20 or β-defensin 3 (mBD3). 
Both factors are ligands for CCR6, which is expressed by B cells 
and LTi cells. %us, activation of NOD1 may regulate the 
formation of ILF by activating LTi cells and by supporting the 
CCR6-dependent recruitment of B cells to CP (48). Supporting 

this hypothesis, mice de"cient either for CCR6 or mBD3 fail to 
develop ILF, and a similar phenotype could be observed in mice 
treated with a CCL20 neutralizing antibody (47).

LYMPHOID ORGANS OF THE  
COLON – SIMILARITIES AND 
DIFFERENCES TO SMALL INTESTINE

Interestingly, most of the factors and molecular mechanisms that 
govern the development of PP and SILT have been analyzed in the 
small intestine, while the formation of the respective lymphoid 
tissues in the colon has not been comprehensively studied until 
recently. Similar to the small intestine, also the colon of mice 
harbors distinct lymphoid tissues. Colonic patches represent 
the equivalents of PP in the small intestine. %ey are usually 
composed of two or more large B cell follicles with separate 
T cell areas and contain CD35+ FDCs as well as vessels with HEV. 
As in the small intestine, also SILT exists, which resemble in its 
appearance its small intestinal counterpart, ranging from small 
CP-like structures to mature colonic ILF containing one big B cell 
follicle with CD35+ FDC, but no de"ned T cell area (49, 50). 
As for PP, the development of colonic patches starts in utero with 
clustering of RORγt-expressing LTi cells and their interaction 
with VCAM-1+ stromal cells. Although the initial clustering of 
LTi cells at colonic patch primordium seems to be independent of 
LTα1β2–LTβR interaction, the further development into colonic 
patches strictly requires activation of this pathway as well as the 
sustained expression of CXCL13 (49). SILT development in the 
colon starts a!er birth with the clustering of LTi cells into CP-like 
structures surrounded by CD11c+ cells, and the successful for-
mation of these structures depends again on signaling via the 
LTβR pathway. Despite these important similarities, it is getting 
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from small cryptopatches (CP) to large mature isolated lymphoid follicles (ILF). CP start to develop into immature ILF by recruiting B cells. Mature ILF contain one big 
B cell follicle and develop germinal centers, vascular structures, and a follicle-associated epithelium. PP represent the most structured lymphoid organs in the 
intestine, containing several B cell follicles and distinct T and B cell areas.
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LTi+T sejtek/B sejtek/FDC/GC reakció

Cryptopatch Immature ILF Immature ILF Mature ILF

ILF: Isolated lymphoid follicle, izolált nyiroktüsző
LTi: Lymphoid Tissue inducer cell, nyirokszövet indukáló sejt

Buettner M and Lochner M (2016) Development and function of secondary and 
tertiary lymphoid organs in the small intestine and the colon. Front Immunol.

Alacsony antigén mennyiség: kriptoplakk tulsúly
Nagy antigén mennyiség: ILF túlsúly



Az intesztinális immunrendszer veleszületett komponensei

Epitél sejtek
Kehely sejt: nyák szekréció

nyák: belső (dúsabb) és külső réteg
antigén “mintavételezés”…

Paneth sejt: anti-mikrobiális peptidek szekréciója (defenzin, REGIII)
M-sejt: antigén transzport

…mind az intesztinális (epitél) őssejtből származnak

Az epitél sejtek szigorúan szabályozott módon mintázatfelismerő receptorokat 
expresszálnak (TLR, NLR)
Ezek aktivációja okozhat gyulladást (patogének ellen) vagy toleranciát (normál bakteriális flóra 
ellen)



Az M sejtek antigéneket szállítanak a bél lumene felől az alattuk
lévő immunsejtekhez
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that promote invasion of more organisms. M cell lectins 
may also be used by certain enteric viruses to breach the 
epithelial barrier.

Microbial antigens in the gut lumen can be sampled 
by lamina propria dendritic cells that extend cytoplasmic 
processes between the intestinal epithelial cells (Fig. 14-4). 
Antigen-sampling dendritic cells are numerous in certain 
regions of the intestine, especially the terminal ileum, 
where they extend dendrites through the junctions 
between adjacent epithelial cells, apparently without 
disrupting the tight junctions. These antigen-sampling 
dendritic cells may promote protective adaptive immune 
responses to pathogens in the lumen. Unlike M cells, 
these dendritic cells are capable of processing and pre-
senting protein antigens to T cells within GALT. Dendritic 
cells resident in the lamina propria also capture antigens 
that enter between cells.

Mesenteric lymph nodes collect lymph-borne antigens 
from the small and large intestines and are sites of dif-
ferentiation of effector and regulatory lymphocytes that 
home back to the lamina propria. There are 100 to 150 
of these lymph nodes located between the membranous 
layers of the mesentery. Mesenteric lymph nodes serve 
some of the same functions as GALT, including differen-
tiation of B cells into IgA–secreting plasma cells and the 
development of effector T cells as well as regulatory T 
cells. The cells that differentiate in the mesenteric lymph 
nodes in response to bowel wall invasion by pathogens or 
commensals often home to the lamina propria (discussed 
later).

Lingual and palatine tonsils are nonencapsulated 
lymphoid structures located beneath stratified squamous 
epithelial mucosa in the base of the tongue and orophar-
ynx, respectively, and are sites of immune responses to 
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FIGURE 14-3 M cells in the small intestine. M cells are specialized intestinal epithelial cells found 
in the small bowel epithelium overlying Peyer’s patches and lamina propria lymphoid follicles (A). Unlike 
neighboring epithelial cells with tall microvillous borders and primary absorptive functions, M cells have 
shorter villi (B) and engage in transport of intact microbes or molecules across the mucosal barrier into gut-
associated lymphoid tissues, where they are handed off to dendritic cells (C). (Electron micrograph from Corr 
SC, Gahan CC, Hill C: M-cells: origin, morphology and role in mucosal immunity and microbial pathogenesis, 
FEMS Immunology and Medical Microbiology 52:2-12, 2008.)

Abbas, Lichtmann and Pillai. Cellular and Molecular Immunology. 8th edition. 
Copyright © 2015 by Saunders, an imprint of Elsevier, Inc 

Fig 14-3

(Nem antigénprezentáló sejt!)

M sejt régió



Kehely sejtek: nem csak nyák szekréció…

Gustafsson et al. eLife 2021;0:e67292. DOI: https://doi.org/10.7554/eLife.67292 

GAP: Goblet cell associated Antigen Passages
(Kehely sejt asszociált antigén járat)

Lumen antigének transzportja a mononukleáris 
fagocitákhoz



Dendritikus sejtek, makrofágok
Antigén prezentáció a mezenteriális nyirokcsomókban
Általában toleranciát indukálnak (IL-10, TGFβ)
DC: retinal dehidrogenázt tartalmaznak à retinolsavat szekretálnak à bél-
homing molekulák megjelenése

Veleszületett limfoid sejtek (ILC, Innate lymphoid cells)
Limfoid sejtek, melyek nem rendelkeznek antigén receptorral
Citokineket szekretálnak
ILC1: NK + nem-citotoxikus ILC1
ILC2: helmintek elleni immunválasz, allergia (IL-5, IL-13)
ILC3: nyálkahártya gyógyulás (IL-22), gyulladás (IL-17a) (+ LTi sejtek)

Az intesztinális immunrendszer veleszületett komponensei



IgA a fő antitest a nyálkahártyákon
~2g IgA termelődik naponta
Nagymennyiségű TGFβ IgA izotípus váltást eredményez (származás: epitél és DC)
Neutralizálás: mikróbák/toxinok epitélhez való kötődését/átjutását akadályozza meg
IgA: dimer, poly-Ig receptor segítségével jut át az epitélen (=transcytosis)
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The human lactating mammary gland contains a large 
number of IgA-secreting plasma cells, and the mammary 
gland epithelium can store large quantities of secretory 
IgA. The plasma cells in the breast originate from vari-
ous mucosa-associated lymphoid tissues. They home to 
the breast because most IgA plasmablasts express CCR10, 

no matter which lymphoid tissues they were generated 
in, and the breast tissues express CCL28, the chemokine 
that binds CCR10. Therefore, during breast-feeding, a 
child ingests a significant quantity of maternal IgA, which 
provides broad polymicrobial protection in the infant’s 
gut. Moderate amounts of IgG and IgM are also secreted 
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FIGURE 14-7 IgA class switching in the gut. IgA class switching in the gut occurs by both 
T-dependent and T-independent mechanisms. A, In T-dependent IgA class switching, dendritic cells in the 
subepithelial dome of Peyer’s patches capture bacterial antigens delivered by M cells and migrate to the 
interfollicular zone, where they present antigen to naive CD4+ T cells. The activated T cells differentiate into 
helper T cells with a T follicular helper phenotype and engage in cognate interactions with antigen-presenting 
IgM+IgD+ B cells that have also taken up and processed the bacterial antigen. B cell class switching to IgA 
is stimulated through T cell CD40L binding to B cell CD40, together with the action of TGF-β. This T cell–
dependent pathway yields high-affinity IgA antibodies. B, T-independent IgA class switching involves dendritic 
cell activation of IgM+IgD+ B cells, including B-1 cells. TLR ligand–activated dendritic cells secrete cytokines 
that induce IgA class switch, including BAFF, APRIL, and TGF-β. This T cell–independent pathway yields 
relatively low-affinity IgA antibodies to intestinal bacteria. The molecular mechanisms of class switching are 
described in Chapter 12.
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Adaptív humorális immunválasz a bélben

Abbas, Lichtmann and Pillai. Cellular and Molecular Immunology. 8th edition. Copyright © 2015 by Saunders, an imprint of Elsevier, Inc 

Fig 14-7T-dependens IgA termelés T-independens IgA termelés



Az IgA az epitél sejteken keresztül a bél lumenbe jut
Chapter 14 – Specialized Immunity at Epithelial Barriers and in Immune Privileged Tissues300

into breast milk and contribute to the passive immunity 
of breast-fed children. Many epidemiologic studies have 
shown that breast-feeding significantly reduces the risk 
of diarrheal disease and sepsis, especially in developing 
countries, and this correlates with the presence of secre-
tory IgA in breast milk specific for enterotoxic species of 
bacteria including Escherichia coli and Campylobacter.

T Cell–Mediated Immunity in the Gastrointestinal Tract
T cells play important roles in protection against microbial 
pathogens in the gastrointestinal system and in regulat-
ing responses to food and commensal antigens. Further-
more, T cells contribute to inflammatory diseases in the 
gastrointestinal tract. As in other parts of the body, T cell 
immunity in the gut involves different subsets of T cells 
and is influenced in various ways by antigen-presenting 
dendritic cells, which also belong to different subsets. In 
this section, we will discuss important features of T cell 
and dendritic cell functions in the intestines.

T cells are found within the gut epithelial layer, scat-
tered throughout the lamina propria and submucosa, 
and within Peyer’s patches and other organized collec-
tions of follicles. In humans, most of the intraepithelial T 
cells are CD8+ cells. In mice, about 50% of intraepithelial 
lymphocytes express the γδ form of the TCR, similar to 
intraepidermal lymphocytes in the skin. In humans, only 
about 10% of intraepithelial lymphocytes are γδ cells, 
but this proportion is still higher than the proportions of 
γδ cells found among T cells in other tissues. Both the αβ 
and the γδ TCR–expressing intraepithelial lymphocytes 
show limited diversity of antigen receptors. These find-
ings support the idea that mucosal intraepithelial lym-
phocytes have a limited range of specificity, distinct from 
that of most T cells, and this restricted repertoire may 
have evolved to recognize microbes that are commonly 
encountered at the epithelial surface. Lamina propria 
T cells are mostly CD4+, and most have the phenotype 
of activated effector or memory T cells, the latter with 
an effector memory phenotype (see Chapter 9). Recall 
that these lamina propria effector and memory T cells 
are generated from naive precursors in the GALT and 
mesenteric lymph nodes, enter the circulation, and pref-
erentially home back into the lamina propria (see Fig. 
14-5). T cells within Peyer’s patches and in other follicles 

adjacent to the intestinal epithelium are mostly CD4+ 
helper T cells, including follicular helper T cells, and reg-
ulatory T cells.

Dendritic cells and macrophages are abundant in the 
gastrointestinal immune system and can participate in 
stimulating protective effector T cell responses or induc-
ing regulatory T cell responses that suppress immunity to 
ingested antigens and commensal organisms. In the gut 
and in other mucosal tissues, some dendritic cells and 
macrophages project dendrites between epithelial cells 
and sample luminal contents, as discussed earlier. Den-
dritic cells that have captured antigens migrate, through 
lymphatic drainage, into mesenteric lymph nodes, where 
they present processed protein antigens to naive T cells 
and induce the differentiation of these T cells into IFN-
γ–, IL-17– or IL-4–producing effector cells or into FoxP3+ 
Treg. Gut tissue macrophages can also promote the local 
expansion of regulatory T cells. The ability of dendritic 
cells and macrophages to drive the induction or expan-
sion of regulatory T cells is dependent on their ability to 
produce TGF-β and retinoic acid at the time of antigen 
presentation to T cells.

In the gastrointestinal tract, different subsets of effec-
tor CD4+ T cells are induced by and protect against dif-
ferent microbial species. In Chapter 10, we introduced 
the concept that helper T cell subsets that secrete dif-
ferent cytokines are specialized for protection against 
different types of microbes. This fundamental concept 
is highly relevant to the mucosal immune system. The 
commensal bacterial microflora of the gut lumen exerts 
profound influences on T cell phenotypes, even during 
homeostasis.
  
 !  TH17 cells. Studies in mice have shown that certain 

classes of bacteria, or in some cases individual species 
of bacteria, can shift the dominant pattern of T cell cy-
tokine production. For example, the lamina propria of 
the small bowel in healthy mice is particularly rich in 
IL-17–producing cells, whereas the colon is not, and 
the presence of the TH17 cells depends on coloniza-
tion of the gut with a certain phylum of bacteria (seg-
mented filamentous bacteria) in the postnatal period. 
This steady-state presence of TH17 cells is required 
for protection against pathogenic species of bacteria 

FIGURE 14-8 Transport of IgA 
across epithelial cells. IgA is 
produced by plasma cells in the lamina 
propria of mucosal tissue and binds 
to the poly-Ig receptor at the base 
of an epithelial cell. The complex is 
transported across the epithelial cell, 
and the bound IgA is released into 
the lumen by proteolytic cleavage. 
The process of transport across 
the cell, from the basolateral to the 
luminal surface in this case, is called 
transcytosis.
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lumen. Smaller but significant quantities of IgG and IgM 
are also secreted into the gut lumen. Within the lumen, 
IgA, IgG, and IgM antibodies bind to microbes and tox-
ins and neutralize them by preventing their binding to 
receptors on host cells. This form of humoral immunity 
is sometimes called secretory immunity and has evolved 
to be particularly prominent in mammals. Antibody 
responses to antigens encountered by ingestion are typi-
cally dominated by IgA, and secretory immunity is the 
mechanism of protection induced by oral vaccines such 
as the polio vaccine. Several unique properties of the 
gut environment result in selective development of IgA-
secreting cells that either stay in the gastrointestinal tract 
or, if they enter the circulation, home back to the lamina 
propria of the intestines. The result is that IgA-secreting 
cells efficiently accumulate next to the epithelium that 
will take up the secreted IgA and transport it into the 
lumen.

IgA is produced in larger amounts than any other 
antibody isotype. It is estimated that a normal 70-kg adult 
secretes about 2g of IgA per day, which accounts for 60% 
to 70% of the total production of antibodies. This tre-
mendous output of IgA is because of the large number of 
IgA-producing plasma cells in the GALT, which by some 
estimates account for 80% of all the antibody-producing 
plasma cells in the body (Fig. 14-6). Because IgA synthe-
sis occurs mainly in mucosal lymphoid tissue and most 
of the locally produced IgA is efficiently transported into 
the mucosal lumen, this isotype constitutes less than one 

quarter of the antibody in plasma and is a minor compo-
nent of systemic humoral immunity compared with IgG 
and IgM.

The dominance of IgA production by intestinal plasma 
cells is due in part to selective induction of IgA isotype 
switching in B cells in GALT and mesenteric lymph nodes. 
IgA class switching in the gut can occur by T-dependent 
and T-independent mechanisms (Fig. 14-7). In both 
cases, the molecules that drive IgA switching include a 
combination of soluble cytokines and membrane pro-
teins on other cell types that bind to signaling receptors 
on B cells (see Chapter 12). TGF-β, the major cytokine 
required for IgA isotype switching in the gut as well as in 
other mucosal compartments, is produced by intestinal 
epithelial cells and dendritic cells in GALT. Furthermore, 
GALT dendritic cells express the αvβ8 integrin, which is 
required for activation of TGF-β. Several molecules that 
promote IgA class switching are expressed by intestinal 
epithelial cells or GALT dendritic cells in response to TLR 
signaling, and the commensal bacteria in the gut lumen 
produce ligands that bind to the relevant TLRs. For 
example, T-independent IgA and IgG switching requires 
binding of the TNF family cytokine APRIL to the TACI 
receptor on B cells, and intestinal epithelial cells produce 
APRIL in response to TLR ligands made by commensal 
bacteria. Intestinal epithelial cells also produce thymic 
stromal lymphopoietin (TSLP) in response to TLR sig-
nals, and TSLP stimulates additional APRIL production 
by GALT dendritic cells. TLR ligands made by commensal 

FIGURE 14-5 Homing properties 
of intestinal lymphocytes. The gut-
homing properties of effector lymphocytes 
are imprinted in the lymphoid tissues, where 
they have undergone differentiation from naive 
precursors. Dendritic cells in gut-associated 
lymphoid tissues, including Peyer’s patches 
and mesenteric lymph nodes, are induced by 
thymic stromal lymphopoietin (TSLP) and other 
factors to express retinaldehyde dehydrogenase 
(RALDH), which converts dietary vitamin A 
into retinoic acid. When naive B or T cells are 
activated by antigen in GALT, they are exposed 
to retinoic acid produced by the dendritic 
cells, and this induces the expression of the 
chemokine receptor CCR9 and the integrin α4β7 
on the plasma cells and effector T cells that 
arise from the naive lymphocytes. The effector 
lymphocytes enter the circulation and home 
back into the gut lamina propria because the 
chemokine CCL25 (the ligand for CCR9) and 
the adhesion molecule MadCAM (the ligand for 
α4β7) are displayed on lamina propria venular 
endothelial cells.

Retinoic
acid

Naive
T or B cell

Effector
T or B cell

CCR9

Blood

α4β7

Peyer’s patch
or mesenteric
lymph node

RALDH

CCL25MAdCam
Dendritic
cell

TSLP,
other factors

Vitamin A

Gut epithelial barrier

Lamina
propria T cell
or plasma cell

Lamina
propria
venule

Abbas, Lichtmann and Pillai. Cellular and Molecular Immunology. 8th edition. Copyright © 2015 by Saunders, an imprint of Elsevier, Inc 

Fig 14-5

Endotél Leukocita
Adhéziós molekula MAdCAM-1 α4β7

Kemokin
CCL25 CCR9
CCL28 CCR10

Vedolizumab: a4b7 ellenes antitest, IBD-
ben alkalmazzák



1014 baktérium (10-szerese az emberi sejtek számának!)

Helyi és szisztémás immunitás működését is befolyásolják

Baktérium törzsek azonosítása: 16S rRNS szekvenálás (törzs specifikus)

Extraintesztinális következmények
Rheumatoid arthritis
Allergiás megbetegedések (asthma)

Gyakorlati példa:
Clostridium difficile fertőzés: normál bélflóra károsodik az antibiotikum használat miatt, emiatt

elszaporodik a C. difficile
Kezelési lehetőség: széklet transzplantáció (egészséges egyénből származó bélflóra)

Bél mikrobiom



Bőr immunrendszerChapter 14 – Specialized Immunity at Epithelial Barriers and in Immune Privileged Tissues306

produce include defensins, S100, and cathelicidins 
(see Chapter 4). The cytokines made by keratinocytes 
include TNF, thymic stromal lymphopoietin (TSLP), 
IL-1, IL-6, IL-18, and IL-33, which promote inflamma-
tion; GM-CSF, which induces differentiation and activa-
tion of dendritic cells in the epidermis, discussed later; 
and IL-10, which controls immune responses. Kerati-
nocytes produce the chemokine CCL27, which partici-
pates in recruitment of lymphocytes expressing CCR10.  
The induced expression of defensins, cytokines, and che-
mokines by keratinocytes depends on innate immune 
receptors including TLRs and NLRs. Keratinocytes 
express most of the TLRs and NLRP3, which is a compo-
nent of the IL-1–processing inflammasome (see Chapter 
4). Keratinocytes in normal skin constitutively synthesize 
pro–IL-1β and pro–IL-18. Stimuli such as UV irradiation 
activate the inflammasome to process these pro-cyto-
kines to the active forms, which explains the inflam-
matory response to sunburn. When signal transduction 
pathways linked to inflammatory responses, such as the 
NF-κB and STAT3 pathways, are genetically activated 
only in keratinocytes, mice develop inflammatory skin 

diseases, showing the potential of keratinocytes to act as 
central players of cutaneous immune responses.

Several dendritic cell populations are normally pres-
ent in the skin and contribute both to innate immune 
responses and to initiation of T cell responses to micro-
bial and environmental antigens that enter the body 
through the skin. In the epidermis, the most abundant 
dendritic cells are the Langerhans cells, which express a 
C-type lectin receptor called langerin (CD207) and have 
numerous Birbeck granules in the cytoplasm (see Fig. 
6-4). The dendrites of Langerhans cells form a dense 
meshwork between the keratinocytes of the epider-
mis. In the dermis, there are relatively sparse langerin-
expressing CD103+ dendritic cells, which are a distinct 
lineage from Langerhans cells, and langerin-negative 
dendritic cells, such as plasmacytoid dendritic cells. 
Each of these dendritic cell populations express innate 
pattern recognition receptors for PAMPs expressed on 
microbes and for damage-associated molecular patterns 
(DAMPs) expressed on injured cells. The dendritic cells 
respond to these ligands by secreting inflammatory 
cytokines.
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FIGURE 14-9 Cellular components of the cutaneous immune system. The major components of the cutaneous 
immune system shown in this schematic diagram include keratinocytes, Langerhans cells, and intraepithelial lymphocytes, all located 
in the epidermis, and T lymphocytes, dendritic cells, and macrophages, located in the dermis.
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activates plasmacytoid dendritic cells in the skin through 
TLR9. Activated plasmacytoid dendritic cells produce 
abundant IFN-α, and psoriatic skin has a strong type I 
interferon signature (i.e., expression of many interferon-
induced genes). One of the effects of IFN-α is activation of 
other dendritic cells that are induced to migrate to lymph 
nodes, activate helper T cells of unknown antigen speci-
ficity, and induce their differentiation into skin-homing 
effector cells. These T cells circulate to the dermis and 
further promote an inflammatory cascade and persistent 
keratinocyte proliferation. Both TH1 and TH17 cells have 
been implicated in this phase of the disease. Clinical trials 
of IL-17 antagonists have shown impressive efficacy in 
psoriasis, as have TNF inhibitors. A central unanswered 
question about this disease is the identity of the antigens 
recognized by the T cells.

Atopic dermatitis is a chronic inflammatory disease of 
the skin characterized by itchy rashes, which is driven by 
TH2 responses to environmental antigens in genetically 
susceptible individuals. There is evidence that atopic 
dermatitis develops when there are underlying defects 
in epidermal barrier function, leading to increased anti-
gen entry into the skin and accentuated TH2-mediated 
immune responses to otherwise innocuous antigens. 
Mutations in a structural protein involved in keratino-
cyte differentiation and barrier function, called filaggrin, 
are often associated with atopic dermatitis. Secondarily, 
TH2 responses stimulate B cell production of IgE specific 
for environmental antigens, as well as IgE-dependent 
mast cell activation in response to those antigens (see 
Chapter 20) contributes to the clinical manifestations of 
the disease.

FIGURE 14-10 Homing properties 
of skin lymphocytes. The skin-homing 
properties of effector lymphocytes are 
imprinted in skin-draining lymph nodes where 
they have undergone differentiation from 
naive precursors. Ultraviolet rays in sunlight 
(UVB) stimulate production of vitamin D, 
which induces expression of CCR10, IL-12 
induces expression of the E-selectin ligand 
cutaneous lymphocyte antigen (CLA), and 
other signals induce CCR4, CCR8, and 
CCR10 expression. These homing molecules 
direct migration of the effector T cells into 
the skin.
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The mucosal immune system in the oral cavity – an orchestra of T cell diversity. Wu RQ et al, Int J Oral Sci. 2014 6:125-32.

Szájüreg immunrendszere

draining lymph nodes. In contrast, the effector sites include epithe-
lium, LP and salivary glands.65,67 The inductive sites are where most
lymphocytes are activated and expanded upon antigen stimulation.
On the contrary, the effector sites are where activated lymphocytes
migrate and relocate to mediate immune responses.68

Compartmentalized immune cells, such as IELs and LP lympho-
cytes, undertake the elimination of foreign antigens. After antigen
uptake, DCs, macrophages and Langerhans cells (LCs) residing in
the epithelium or LP migrate into MALT and draining lymph nodes
and initiate the adaptive immune responses by inducing T cell proli-
feration and differentiation.69–70 In addition, a group of M-cell-like
cells has been identified in the epithelium of palatine tonsil crypt that is
responsible for luminal antigen uptake.65–66 The mucosa is described
as a ‘slippery ground’17 that is covered with mucus. In the oral cavity,
the mucosa is covered with saliva that contains immunoglobulins,
such as secretory IgA, antimicrobial peptides such as defensins, and
enzymes secreted by salivary glands (Figure 3).17,64,66,71–72

Among the immune cells in the oral-pharyngeal mucosa, DCs are
relatively better studied.65,73 In in murine models, different subsets of
CD11c1 DCs, as well as LCs reside in the epithelium of buccal, sub-
lingual and gingival mucosa. DCs and LCs are APCs; thus, in oral
mucosa, DCs are responsible for antigen capture and antigen presenta-
tion to T cells. Compared with DCs and LCs, T cell populations such as
IELs in the oral-pharyngeal mucosa are less studied. In patients with
dermatitis herpetiformis, the ab and cdT cells reside in the epithelium
of oral mucosa.74–75 However, CD8aa1 IELs in the oral-pharyngeal
mucosa have not been identified and characterized until recently (RQ
Wu and W Chen, in preparation).

Oral mucosal diseases with immunopathogenesis

In clinics, various mucosal diseases have been observed in the oral
cavity, including viral infection, candida infection and oral lichen

planus (OLP). These mucosal diseases are mainly caused by immune
deficiency and/or the dysregulation of the oral immune system. In
particular, T cells have been suggested to be associated with the
development of these diseases, yet their causative roles have not been
established. In this section, we highlight the recent findings on the
roles of T cells in oral mucosal diseases.

An example of mucosal immune system dysfunction can be
observed in human immunodeficiency virus (HIV)-infected indivi-
duals. HIV infection leads to low levels of CD41 T cells and results in
immune deficiency.76 People infected with HIV are highly susceptible
to infection by oral and pharyngeal commensal bacteria and fungi
such as Candida albicans due to the weakening of the TH cell res-
ponse.66,77–78 Another example is hyper-IgE syndrome, which results
from STAT3 mutations. Patients with hyper-IgE syndrome suffer
from oral candidiasis due to a deficiency of TH17 cells,79 consistent
with animal studies demonstrating that mice with TH17-deficiency (IL-
23p192/2 mice) and IL-17 receptor-deficiency (IL-17RA2/2 mice)
develop severe Candida albicans infection in the oral cavity.80 Although
TH17 cells are important for oral immune responses against fungus,
evidence suggests that aberrant or uncontrolled TH17 cell responses
result in chronic inflammation towards candidiasis, which ultimately
results in autoimmunity.77,81

Immune responses to food antigens and commensal bacteria gen-
erally do not induce any inflammation but do induce immune tol-
erance. Autoimmune diseases may occur as a result of unrestricted
immune responses to commensal bacteria. Many inflammatory and
autoimmune diseases have been shown to develop in the oral mucosa,
such as periodontitis, Sjögren’s syndrome and OLP. Periodontitis is
initiated by the accumulation of bacterial plaque, subsequent tissue
damage and bone loss due to host immune responses and inappropriate
inflammation. TH cells are found to play an important role in the
recruitment of neutrophils and osteoclasts. Consequently, the gingival

Oral-pharyngeal cavity

M-cell-like cell

Tonsil

Lamina propriaLP lymphocyte

Cervical and facial lymph node

Macrophage DCs

LCsIELs

Squamous epithelium

Figure 3 The structures and immune cells in the oral immune system. The oral-pharyngeal immune system shares similar anatomical compartments of other
mucosal immune system. The oral mucosa consists of stratified squamous epithelium, LP and MALTs. DCs, LCs and IELs reside in the epithelial layer. DCs in the LP
project dendrites into the epithelium to uptake antigens and migrate to secondary lymphoid tissue and draining lymph nodes. MALTs in the oral-pharyngeal cavity are
located in the tonsils and are organized lymphoid follicles. M-cell-like cells in the tonsil epithelium also function to transfer antigens to APCs. APC, antigen presenting
cell; DC, dendritic cell; IEL, intraepithelial lymphocyte; LP, lamina propria; MALT, mucosal-associated lymphoid tissue; M-cell, microfold cell.
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Tissue-specific immunity at the oral mucosal barrier. Moutsopoulus N et al. Trends Immunol 2018

clinically detectable gingival inflammation [43]. These inflammatory changes occurred over a
period of days to a few weeks and were reversible, underscoring the ability of this site to
continuously remodel and perform an active but delicate form of homeostasis.

The gingival barrier is also a site of constant mechanical damage due to mastication/hygiene.
The vulnerable connection between the JE and tooth is routinely breached during physiologic
functions such as chewing and brushing, allowing transient microbial translocation [44]. In fact,
microbial translocation of oral microbes is reported after chewing and during dental procedures
[34,35]. Interestingly, one of the remarkable properties of the JE is that it readily regenerates if
damaged or surgically excised in health [37], suggesting the presence of a unique immunologi-
cal system tailored for both surveillance and repair programs. The delicate balance between

Figure 1. The Oral and Gingival Barrier. The oral mucosa is lined by stratified squamous epithelia of varying thickness and level of keratinization. Most the oral
mucosa is covered by a lining of non-keratinized epithelium (the floor of mouth being particularly thin and vascular). The areas related to mastication (hard palate, outer
surface of gingiva) are partially keratinized epithelia, and the tongue is covered with a specialized epithelium that incorporates the taste buds. The gingival crevice is a
particularly open and vulnerable site. It is lined by the sulcular epithelium that is non-keratinized and becomes progressively thinner, transitioning to the junctional
epithelium which connects to the tooth surface and is constantly exposed to the microbial biofilm and experiences trauma, leading to constant immune activation.

Trends in Immunology, April 2018, Vol. 39, No. 4 279
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Oral versus Gastrointestinal Mucosal Immune Niches in Homeostasis and Allostasis. Suarez LJ et al. Front Immunol 2021.
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antibodies. These experiments have used purified colostral 
IgA, and it is assumed that IgA from saliva could act in a 
similar way. Presumably where enhancement of lactoferrin 
activity is found, the synthesis of iron binding proteins (or 
their release) is prevented by the antibodies, and as a result 
the lactoferrin binds the iron required as a growth factor 
for the bacteria (Soukka et al., 1993). Lactoferrin also has 
powerful antiviral activity and can inhibit HIV replication 
(Kazmi et al., 2006).

Salivary IgA and Lysozyme

Lysozyme is an antimicrobial enzyme secreted mainly by 
the mucous salivary glands. Purified SIgA from colostrum 
has been shown to inhibit Escherichia coli in the presence 
of complement and lysozyme, whereas either component on 
its own was ineffective (Hill and Porter, 1974). These clas-
sic observations suggest that a similar mechanism might be 
operative within the oral cavity, although the concentrations 
of complement in whole saliva would seem too small for 
this to be a major defense mechanism unless inflammation 
is present. It is also possible that salivary mucins can inhibit 
lysozyme activity, and thus the effectiveness of lysozyme 
as an antibacterial mechanism in the oral cavity is in some 
doubt.

Salivary IgA and Lactoperoxidase

Saliva contains a nonspecific antimicrobial peroxidase sys-
tem including salivary peroxidase, hydrogen peroxide, and 
thiocyanate ions. Salivary IgA can enhance the antimicro-
bial effect of lactoperoxidase. Interestingly, both IgA1 and 
IgA2 were effective, but serum IgG or IgM had no effect 
(Tenovuo et al., 1982). This suggests a specific relationship 
between IgA and lactoperoxidase (LPO) that might be of 
great importance at mucosal surfaces.

Gingival Crevicular Fluid
Gingival crevicular fluid (GCF) is the fluid that accumu-
lates around the necks of the teeth. It reaches the tooth 
surface as a transudate across the junctional epithelium of 
the gingiva (Figure 3). It contains both the humoral and the 
cellular elements of blood, although in lower amounts and 
different proportions. There is a continuous flow of fluid 
from the gingival capillaries, through the junctional epithe-
lium, and into the crevice. It is accepted that there would be 
a flow of GCF even in the total absence of dental plaque. 
However, the majority of GCF is probably induced by 
plaque, which accumulates continuously, even within min-
utes of its removal, and causes a physiologic inflammatory 
response in the gingiva. Crevicular flow increases greatly 
with inflammatory changes of gingivitis and periodonti-
tis. The flow rate of GCF into saliva in humans is likely to 

be between 1 and 2 mL a day in subjects with no clinical 
inflammation (Challacombe, 1980). Crevicular fluid passes 
from the gingival crevice into the mouth, where it is mixed 
with saliva from the major and minor glands at a dilution 
between 1:500 and 1:1000. The total surface area of crevic-
ular epithelium around 28 teeth is approximately 760 mm2, 
and this can increase 10-fold with periodontal disease.

Many experiments have shown that both humoral (e.g., 
immunoglobulins and cytokines) and cellular (e.g., lym-
phocytes and macrophages) components from blood can 
reach the tooth surface via GCF. They are therefore directly 
analogous to those found in blood, and may affect dental 
caries and periodontal disease in particular. Thus not only 
SIgA but also serum IgG derived from GCF could play a 
role in mucosal defense around the oral cavity. Antibodies 
in crevicular fluid are largely derived from serum, although 
there is on average a local contribution from the gingiva, 
particularly of IgG, up to about 20% of the total antibody 
content (Ebersole et al., 1996).

DENTAL DISEASES: IMMUNOLOGY OF 
DENTAL CARIES IN HUMANS
Dental caries is one of the most common diseases of man-
kind (Marcenes et al., 2013). Despite recent reductions in 
the rate of decay in Western societies, the prevalence of 
caries in developed countries remains at greater than 95% 
of the population. Caries is still increasing in developing 
countries with the increased consumption of refined sugars.

Dental caries may be defined as the localized destruction 
of tooth tissue by bacterial action. It requires specific car-
iogenic bacteria, which are capable of producing acid, and 
carbohydrate in the diet, which can be metabolized by these 
bacteria and help their colonization of the tooth surface. 

Origin and flow of crevicular fluid

Tooth

GCF

Gingival
epithelium

Junctional
epithelium

Blood
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To saliva
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propria

FIGURE 3 Gingival crevicular fluid. Crevicular fluid is mainly derived 
from the tissue fluids in blood capillaries. It flows into the lamina propria, 
through the junctional epithelium, and into the gingival crevicular fluid 
(GCF). It then passes into the saliva at a rate of about 0.3 µL/tooth/h.
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neutrophils play roles beyond microbial surveillance and related to immunoregulation [57].
Efferocytosis (uptake of apoptotic cells) of tissue neutrophils by macrophages has been shown
to be crucial in the resolution of inflammation [58,59] by downregulating production of IL-23, a
key trigger of Th17 responses [60]. In the context of tissue neutropenia, exacerbated IL-23/IL-
17 axis responses become a pathogenic driver mediating immunopathology [59,61,62].

Importantly, a ‘goldilocks’ balance of neutrophils must be established within the gingiva, with both
too few and too many neutrophils contributing to periodontal immunopathology [26,63–65].
However, the pathways leading to excessive neutrophil recruitment and activation in periodontitis
arenotcompletelydetailed,neitheraretheirspecificfunctions thatarecrucial in immuneregulation,
suggesting that the gingival barrier is an ideal site of study to better understand neutrophil biology.

Other Granulocytes
Additional granulocytes reported to be present in the gingiva predominately include mast cells,
with limited demonstrations that eosinophils or basophils are resident in the gingiva during

Figure 2. The Immunological Network of the Gingiva. The gingiva is home to a rich immunological network.
Neutrophils continuously transmigrate through the junctional epithelium. Resident lymphocytes are predominately T cells,
with some B cells and innate lymphoid cells (ILCs). Diverse mononuclear phagocytes are also present at this site.
Abbreviations: APC, antigen-presenting cell; DC, dendritic cell; ILC, innate immune cell; SSC, side scatter.
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Gingiva kapillárisokból származó transszudátum

Fognyak körül akkumulálódik

Normálisan ~1ml/nap, periodontitis és gingivitis esetén jelentősen emelkedik

Tartalom:
humorális komponensek: antitestek (IgG), citokinek, emésztő enzimek, antimikrobiális

peptidek
sejtes komponensek: neutrofil granulociták, limfociták

Funkció: fog és gingiva közti sulcus tisztítása
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Collection of GCF

Comparison of matrix metalloproteinase-3 and tissue inhibitor of matrix metalloproteinase-1 levels in gingival crevicular fluid 
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